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INTRODUCTION -

The study of the phylogeny and system of the sub-
* family Lymnocardiinae (family Cardiidae) is of special
interest, because its history may provide an example of
repeated events of adaptive radiation and appearance of

numerous homeomorphic taxa due to reduced compeu-

*mn when most of the biota went extinct.

Such phenomena occurred in the Ohgocene—
‘_IOCGIIC epicontinental basins of the Paratethys. The

ter term was introduced by Laskarev (1924) to refer
Lintracontinenta[ basins at the northern margin of the
icient Tethys Ocean. Low salinity and modified com-
Jsition of salts in these basins were caused by their
artial or complete isolation from the World Ocean.
wlesnikov (1949, p. 14) wrote about one of these

jasing: “We can call the Sarmatian Basin a natural lab-

sratory where faunal development proceeded at a much
aster rate than in the open seas.” The same js true of all
he above-mentioned basins.

In terms of salinity and dominating type of fauna,
the Oligocene~Pliocene Paratethys fluctuated from the
almost normal marine to mixohaline regime, thus result-

! ing in the formation of varying types of basins: semima-
- rine half-closed basins (salinity 18-23%e); semimarine
.| basins episodically connected to the open sea (salinity
i 5-18%o); and brackish basins with an ion composition
characteristic of the Caspian type. Such semimarine
basins that were only episodically connected to the
open sea, and brackish basins repeatedly emerged in the
Paratethys area, and the history of Lymnocardiinae is
chiefly connected with them.

Stratigraphy of the Oligocene~Pliocene Paratethys,
the paleogeography of the basins, and history of their
malacofaunas were treated in detail in the monographs
“Hlstory of the Neogene Molluscs of Paratethys”
(Nevesskaja et al., 1986} and “Stratigraphy and Bivalves
of the Oligocene~Lower Miocene of Eastern Parat-
ethys” (Popov et al., 1993). Some questions concerning
the phyfogeny and ecology of the Neogene bivalves
(including lymnocardiines) were discussed by Nevesskaja
et al. (1987, 1989); descriptions of lymnocardiine spe-
cies are given in “Atlas of the Miocene Bivalves of
Southwestern Eurasia”™ (Nevesskaja et al., 1993) and
“Atlas of the Pliocene Bivalves...” (Nevesskaja et al.,
1997).

In this monograph, the systematics, phylogeny,
ecology, and zoogeography of Cerastodermatini, Mer-
klinicardiini tribus nov., Limnopappiini {Oligocene,
Kozzhurian), and Chokrakiini tribus nov. (Chokrakian)
are treated by S.V. Popev; Obsoletiformini tribus nov.,
Aviculocardiini tribus nov., Plicatiformini wibus nov.,
Planacardiini tribus nov. (Sarmatian), Cerasioderma-
tini, Avicardiini and Acobaecardiini (Akchagilian) by

N.P. Paramonova; and Lymnocardiini, Paradacnini,
Phyllocardiini, Arcicardiini, Pontalmirini, Prosodac-
nini, Pachydermini, and Adacnini (Pontian—Kujalni-
cian and Apsheronian) by L.A. Nevesskaja.

- SYSTEM OF THE SUBFAMILY
' LYMNOCARDIINAE

The subfamily Lymmnocardiinae was created by
Stoliczka (1870-1871) to include the genera Lymno-
cardium Stoliczka, 1870-1871 and Didacna Eichwald,
1838, During the same years, Vest (1875) established
the family Adacnidae, comprising the genera Adacna -
Eichwald, 1838; Monodacna Eichwald, 1838; and

- Myocardia Vest, 1875 (=Lymnocardium Stol.).

Thus, these students believe that the brackish-water
cardiids from the Cenozoic of Europe and western Asia
and those from the modem Caspian Sea differ from the
marine representatives of Cardiidae so markedly that
thf:yl should be raised to the subfamily or even family
level.

Subsequent development of the system of Cardiidae
as a whole and that of the brackish-water cardiids was
long and quite complicated. Aandrussov (Andrussoff,
1903, 1910: Andrussov, 1923) coniributed much towards
the solution of this problem; he characterized the gen-
era known before (Adacna, Didacna, Arcicardium,
Hypanis, Phyllocardium, Monodacna, Lymnocardium,
and Presodacna) and added new genera (Plagiodacna,
Apscheronia, Pteradacna, and Stenodacna). As for the
systematic relationships between the marine and brack-
ish-water cardiids, he regarded the latter as independent
genera and placed them and their marine relatives into
the sarne family, Cardiidae (Andrussoff, 1903).

Ebersin (1947, 1951, 1959, 1962, 1967) wrote a
five-volume monograph on the Pliocene brackish-water
cardiids of the southern USSR (excluding those from
the Akchagilian and Apsheronian), assigned all of the
genera studied to the family Cardiidae, and divided
them between five subfamilies {(Ebersin, 1965a, 1967):
Limmocardiinae Stoliczka, 1870-1871; Didacninae Eber-
sin, 1962; Paradacninae Ebersin, 1965: Adacninae Vest,
1875; and Pseudocarditinae Ebersin, 1963,

This subdivision was accepted by Keen (1969) in
“Treatise on Invertebrate Palacontology,” but she
lumped these subfamilies together as a separate family,
Lymnocardiidae, thus contrasting the brackish-water
and marine forms (retained in Cardiidae).

Earlier, both Andrussoff (1903} and Ebersin (1947)
argued against this opposition, pointing to the intimate
relationships of marine and brackish-water forms. This
was confirmed by detailed studies of the morphology,
including shell microstructure, in marine and brackish-
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water cardiids performed by Popov (1977) and Ka-
fanov and Popov (1977). Popov demonstrated the tran-
sitional character of the genus Cerastoderma, which is
closely related both to the members of Fraginae and to
brackish-water cardiids, most of which evolved from
this genus. Based on this fact, he quite reasonably
united all brackish-water cardiids and Cerastodermu
into the subfamily Lymnocardiinae {in a broader sense
than used before).

Kafanov and Popov (1977) divided the subfamily
Lymnocardiinag into nine tribes. In addition to the
tribes Didacnini, Lymnocardiini, Hypanini (=Adac-
nini1), and Paradacnini that were treated as subfamilies
by Ebersin, five more tribes were included: (1) Cerasto-
dermatini Nordsieck, 1969, in addition to Cerasto-
derma containing the Oligocene genus Korobkoviella
and Sarmatian genera Plicatiformes and Planacar-
diun, (2) Limnopappiini Schlickum, 1962, comprising
the Kozahurian—Ottnangian genera Limnopappia, Lim-
nopagetia, Succuridacna, and provisionally Eoproso-
dacna; (3) Prosodacnini Andreescu, 1974, uniting the
Pliocene genera Prosodacna, Dacicardium, Fischeri-
dacna, and others; and two newly established tribes,
(4) Avicardiini Popov, 1977 for the Akchagilian genus
Avicardium and (5) Hyrcaniini Kafanov et Staroboga-
tov, 1977 for several Apsheronian genera (Hyrcania,
Didacnoides, Hyrcanomya, and Turkmena).

Before turning to the system of Lymnocardiinae
accepted in this paper, let us consider the difficulties of
constructing such a system, resulting mainly from the
broad distribution of homeomorphy and parallel evolu-
tion in many semimarine and brackish-water molluscs.
These phenomena were discussed in detail in a mone-
graph entitled “History of the Neogene Molluscs of
Paratethys” (Nevesskaja et al., 1986). The system of
the subfamily Lymnocardiinae is a compromise com-
bining the elements of both vertical (phylogenetic} and
horizontal (morphological) classifications.

Our study demonstrated that the subfamily in ques-
tion is endemic to the Oligocene—Neogene Paratethys
{except for Cerastederma and the Mediterranean

- ‘Messinian species), the Ponto—Caspian region, and com-
prises 73 genera with more than 700 species. The genera

are separated into 18 tribes, We tried to rank the indi-
vidual phyletic lineages of lymnocardiines as tribes.
This causes many problems, because attempts to define
taxa morphologically are ‘often hampered by the
repeated development of similar character sets in dif-
ferent lincages and by difficulties in recognizing these
parallelisms. Sometimes (e.g., for the tribe Limnopap-
piini), this results in the lack of diagnostic characters

and the separation of taxa according to their stratigraphic - -
- distribution and reconstructed

morphology.

The systematic position of the genus Cerastoderma

(ancestral to most of the lymnocardiines as mentioned
above) is still controversial. In the shell morphology and
microstructure, living Cerastoderma species inhabiting
shallow waters both of the open sea basins and of

PALEONTOLOGICAL JOURNAL  Vol. 35

NEVESSKAIJA et al.

phylogeny rather than -

lagoons with abnormal salinity (from 5 to 70%e)

subfamily Fraginae, being especially similar to t
genus Parvicardium. At the same time, they form cou
tinucus phyletic lineages towards many undoubiteq
iymnocardiines with modified hinges, two-layered
shells, and retarded ontogeny of the ornamentation.
Moreover, these characters sornetimes appear within a
single species at the level of individual or group vari-
ability (e.g., in the modern Cerastoderma glaucum
from the Caspian Sea). To assign cerastoderms to the
subfamily Fraginae means to divide numerous, contin-
uous phyletic lineages (even at the level of infraspecific
categories) between different subfamilies. Therefore,
as in the earlier papers (Kafanov and Popov, 1977;
Nevesskaja ef al., 1997), we somewhat artificially place
Cerastoderma in the subfamily Lymnocardiinae.

The subfamily Lymnocardiinae includes tribes that
arose from different representatives of the tribe Ceras-
todermatini (and from Parvicardium) in different time
intervals (Fig. 1) and thus cannot be considered strictly
monophyletic. The same is true of some tribes (Lymno-
cardiini, Pontalmyrini, Adacnini, etc.) and many genera
and subgenera of this subfamily. Thus, the tribe Pon-

iﬁ\&1
{Q@e‘_ o il
f\,ﬂ"c \j\

no essential differences from the representatives oft e o

talmyrini and its oldest genus, Pseudocatillus, evidently

originated from different Obsoletiformes species that

inhabited different adjacent basins, The tribe Lymno- -
cardiini, comprising more than ten genera, probably

arose from two or three lineages and diverged from one
or several Plicatiformes species in different basins of
the Paratethys. In the tribe Adacunind, most of the genera
descended from different Cerastoderma species, whereas
some other genera are derivatives of Avicardium and
Acobaecardium (belonging to other tribes; see the next
section). Therefore, most of the lymnocardiine tribes,
genera, and subgenera are not strictly monophyletic.
Adhering to the principle of strict monophyly in the
classification of these forms, one will receive several
taxa that are indistinguishable morphologically and
have identical diagnoses. At the same time, quite simi-

lar species and genera of lymnocardiines, which existed

in periods separated by considerable time intervals, are

assigned to different taxa (genera and tribes). These are e

Merklinicardium acanthoides (Oligocene) and Lymno-
cardium (?Euxinicardium) kalidjanicum (Uppermost
Miocene-?Lowermost Pliocene), Eoprosadacna (upper
Lower Mio¢ene) and Eunpatorina (uppermost Miocene),
Pseudocatillus (uppermost Miccene—Lower Pliocene),
Monodacna (uppermost Pliocene), etc.

E

Thus, within the subfamily Lymnocardiinae, 18 tribes '

comprising 73 genera are recognized:

Subfamily Lymnocardiinae Stoliczka, 1870-1871
Tribe Cerastodermatini Nordsieck, 1969 . . .

Cerastoderma Poli, 1795
Korebkoviella Merklin, 1974
Raricardivwm Paramonova, 1986

Suppl. 3 2001
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Tribe Merklinicardiini Popov, tribus nov.

Merklinicardium Popov, 1982

Tribe Limnopappiini Schlickum, 1962
Limnopappia Schlickum, 1962
Limnopagetia Schlickum, 1963
Eoprosodacna Davidaschvili, 1934

Tribe Chokrakiini Popov, tribus nov.
Chokrakia Popov, gen. nov.

Tribe Obsoletiformini Paramonova, tribus nov.
Obsoletiformes Kojumdgieva, 1969
Inaeguicostates Kojumdgieva, 1969

Tribe Aviculocardiini Paramonova, tribus nov.
Aviculocardium Bagdasarian, 1978
Kubanocardipn Muschehischvili, 1965

Tribe Plicatiformini Paramonova, tribus nov.
Plicariformes Kojumdgieva, 1969 '

Tribe Planacardiini Paramonova, tribus nov.
Planacardium Paramonova, 1971

Tribe Lymnocardiini Stoliczka, 1870-1871

Lymnocardium Stoliczka, 1870-1871
Arpadicardium Ebersin, 1947
Pannonicardium Stevanovié, 1951
Bosphoricardium Ebersin, 1947
Hellenicardium Nevesskaja, 2000
Euxinicardivm Ebersin, 1947
Tauricardivm Ebersin, 1947
Budmania Brusina, 1897
Dacicardiwm Papaianopol, 1975
Schirvanocardinm Andreescu, 1974
Nargicardium Ebersin, 1947
Mogquicardium Ebersin, 1947
Limnodacna Ebersin, 1936
Ecericardium Ebersin, 1947

Tribe Phyllocardiini Nevesskaja, 1986
Phyllocardium Fischer, 1887
Parvidacna Stevanovié, 1951 )

Tribe Pontalmyrini Taktakischvili, 1987
Portalmyra Stefanescu, 1896
Psendocatillus Andrussoff, 1903
Chartoconcha Andrussov, 1907-1908
Preradacna Andrussov, 19071908

. Qraphocardium Ebersin, 1949

Stenodacna Andrussov, 1923
Panticapaea Andrussoy, 1923
Macradacna Ebersin, 1967
Oxydacna Davidaschvili, 1930

FALEONTOLOGICAL JOURNAL Vol 35  Suppl. 3
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e . Tribe Paradacnini Ebersin, 1964 - vorov vt
Paraa’acna Andrussov, 1909 '

Luxuridacna Papaianopol, 1980
Submonodacna Livental, 1931
Tschaudia Davidaschvili, 1956
WCaladacna Andrussov, 1917
?Pseudocardita Oppenheim, 1918

Tribe Prosodacnini Andreescu, 1974 -
Eupatorina Achvlediani, 1970
Prosodacnomya Ebersin, 1959
Prosochiasta Ebersin, 1959
Prosodacna Tournouer, 1882
Zamphiridacna Motas in Andreescu, 1974
Metadacna Ebersin, 1959
Stylodacna Stefanescu, 1896
Psilodon Cobalcescu, 1883
Prionopleura Ebersin, 1949
Horiodacna Stefanescu, 1896

Tribe Arcicardiini Nevesskaja, 1986
Arcicardium Fischer, 1887
?Protoplagiodacna Stevanovié, 1978
?Plagiodacna Andrussoff, 1903

Tribe Pachydacnini Andreescu, 1975
Pachydacna Ebersin, 1955 '

Tribe Acobaecardiini Paramonova, 1986
Acobaecardium Paramonova, 1986
Tribe Avicardiini Papoy, 1977
Avicardivm Kolesnikov, 1950
Mirtcardium Paramonova, 1986
Andrusovicardium Paramonova, 1986
Tribe Adacnini Vest, 1875

Monodacna Eichwald, 1838
Hyrcania Kolesnikov, 1950
Plagiodacnopsis Andrussov, 1923
Apscheronia Andrussoff, 1903
Parapscheronia Ebersin, 1955 - oo
Caspicardium Astafiava, 1955 o
Didacnoides Astafieva, 1960
Hypanis Ménétriés, 1832
Adacna Eichwald, 1838
Didacna Eichwald, 1838

GEOLOGICAL HISTORY AND PHYLOGENY
OF LYMNOCARDIINAE

Although the history and phylogenetic relationships
of selected representatives of Lymnocardiinae were
studied by many authors, i.e., Andrussoff (1903, 1910},
Kolesnikov (1935), Ebersin (19654, 1967), Popov (1977),
Andreescu (1977}, Papatanopol (1977, 1981, 1989) and

. others, the phylogeny of this subfamily as a whole was

- not considered in these papers.
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Oligocene

The first representatives of the sybfamily belonging
to the genus Cerastoderma (tribe Cerastodermatini) are
known from the Early Oligocene (Pschekhian) of the
Eastern Paratethys: one species (C. karaschokense) is
described by Merklin (1974) froin the Ashcheairyk
Formation of the northern Ustyurt plateau.

Cerastoderms became widespread throughout the
Paratethys in the next time interval, the Solenovian
(Late Rupelian, level of the base of nanmoplankton zone
NP23), when the Paratethys lost an open connection to
the ocean for the first time and became less saline
(Fig. 1). Being eurytopic, the members of the genus
Cerastoderma were able to colonize the freshened
waters that were unfavorable for most of the marine
forms. Some of these cerastoderm species rerained
similar to their marine congeners in thetr fully devel-
oped hinges and three-layered shells (€. mutabile Pop.,
C. chersonense (Nossov.), C. serogosicum (Nossov.),
and C. concameratum (Holzl)], whereas others (C. ana-
dariformicum Pop. and C. zhuzhunae Pop.} differed
from them in the reduction of the hinge and outer shell
layer, thus approaching typical lymnocardiines in these
characters. Two other genera, which occurred there and
descended from Cerastoderma, differed still more
widely from the marine cardiids. The genus Korobk-
oviella is characterized by a two-layered shell, poorly
developed teeth, a thickened anterior part of the hinge
plate, and poorly developed ribs, In the shell shape and
ribbing pattern, it is similar to cerastoderms of the
C. serogosicum type and probably descended from
thern. This genus, comprising two species [ K. kiktenkoi
(Merkl) and K. ghalcikhensis Pop.], still could be
incfuded in the tribe Cerastodermatini.

Even more deviated from the marine cardiids were
the members of the genus Merklinicardium [M. apos-
tolovense (Merkl.), M. acanthoides Pop., and M. chvin-
lense Pop.], separated hereafter into the tribe Merklini-
cardiini, characterized by a two-layered shell, poorly
developed hinge, and ornamentation consisting of high,
widely spaced ribs, triangular in cross section and some-

“imes subidivided iuiv e primaries and intercalaries.

Lymnocardiines wete less common in the mid-Oli-
gocene of the Western Paratethys, which in Solenovian
time was quite closely connected with the Eastern
Paratethys. At present, this area is represented only by
finds of Cerastoderma cf. serogosicum from Transyl-
vania and Austria, Korobkoviella cf. kiktenkoi from
Austria {Ottenthal section, determined 1n the collection
of F. Steininger, University of Vienna), and “Cardium”
lipoldi Rolle (described from the Hungarian Paleogene
basin). The shells of the latter species are so poorly pre-
served that they cannot be reliably assigned to any
genus, zlthough they undoubtedly belong to the Lym-
nocardiinae.

Thus, Solenovian time marks the first stage of diver-
gence in lymnocardiines, which deviated considerably
from their marine ancestors. These species and genera,

\

endemic to the Paratethys, went extinct when the Parat-
ethys became increasingly saline due to its connection to
the open sea in the terminal Rupelian or early Chattian,

In the Late Oligocene, the salinity of the Eastern
Paratethys probably decreased slightly, and cerasto-
derms (four species) were quite widespread there. Int the
second half of the Late Oligocene (Late Kalmykian), one
of them, Cerastoderma prigorovskii (Bog.), became
the dominant species along the entire northern edge of
the Eastern Paratethys, from the Black Sea region to the
Kyzylkum Desert. However, the morphology of these
species did not deviate from that of their marine conge-
ners: they had fuily deveioped hinges, three-layered
shells, and the ornamentation typical of cerastoderms.

Early Miocene

Normal marine conditions of the earliest Miocene
were unfavorable for lymnocardiines, and only in mar-
ginal parts of the basin, three or four cerastoderm species
inherited from the Oligocene occasionally occurred
(Popov er al., 1993),

The next (second) stage of widespread occurrence and
diversification in lymnocardiines was the Kozahurian—
Late Ottnangian {second half of the Farly Miocene), char-
acterized by the closure and freshening of the entire Parat-
ethys (Popov and Voronina, 1983). At that time, the
Eastern Paratethys was inhabited by both the species of
Cerastoderma (C. ivericum Pop. and C. lacustre Pop.)
and the endemic genera descending from this genus
and belonging to the tribe Limnopappiini: Eoproso-
dacna (with the subgenus Kozahuria) and Limnopap-
pia (Popov, 1983) (Fig. 1). The members of these gen-
era differed from the ancestral Cerastoderma species in
the hinge structure (cardinal and posterolateral teeth are

weak and anterior laterals are wel developed); two-lay-

ered shell; and weak, poorly developed ribs (up to com-
plete reduction of the radial ribs in the subgenus Koza-
fwria). Tn the Eastern Paratethys, these cardiids are
presently known mainly from the Georgian and Kopet-
dag sections (Popov ef al., 1993).

Lymnocardiines were no iess widespread and
diverse in the Western Paratethys, being known from
the Upper Ottnangian. of northern Hungary, Moravia,
and Bavaria. In contrast to the fully formed brackish-
water Kozahurian fauna of Georgia that lacks transitional
forms, the Bavarian material (collections of W.R. Schlic-

kum, Senckenberg Museum, Frankfurt am Main, and of .
F. Steininger, University of Vienna) contains a quite

complete transitional series from the typical Cerastoderma

to undoubted lymnocardiines separated into the genera =~

Limnopagetia and Limnopappia (Schlickum, 1971).

The Kirchberg beds of Swabia and Upper Bavaria
unquestionably contain members of the genus Par-
vicardium (" Cerastoderma’” traubi Schlickum); ceras-
toderms with almost fully developed hinges, typical
ornamentation, and three-layered shells { Cerastoderma
ganssi Schl.); cerastoderms retaining the characteristic
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morphology and structure of the ribs but differing in
having retarded ontogeny of ornamentation, reduced
outer shell layer, and weak cardinal teeth [C. havarica
(Ammon), C. sociale (Krauss), and C. stefani Schl.];
and typical lymnocardiines having a reduced outer

. shell layer and scales along both the anterior ribs and

the posterior rib of the posterior area [ “Cerastoderma”
solitarivm (Krauss), which in Popov’s opinion, is best
placed in Limnopagetial. This type of ornamentation
with scales on the ribs formed by the remnants of the
outer shell layer was characteristic of comparatively
early stages of phylogenetic development in lymnocar-
diines and was observed later in the Middle Miocene
cardiids {Chokrakian Chokrakia and Sarmatian Obso-
letiformes). These beds also contain Limnopagetia fri-
abilis (Krauss) with two-layered shells and moderately
reduced hinges and Limnopappia shuetti Schl. with
even more reduced cardinal teeth.

The Lower Bavarian beds with Rzehakia, deposited
in an isolated basin (Schlickum and Strauch, 1968),
contain other species of the same lymmocardiine gen-
era. In the series assigned by Schlickum {1971) to a sin-
gle species, “Limnopagetia”™ schmiereri Schl., a gradual
transition is observed from the cerastoderms with a nor-
mally developed hinge to typical lymnocardiines with a
poorly developed hinge, inclined teeth, and scales
atong the ribs, similar to the ornamentation in some
Sarmatian Obsoletiformes; the holotype of this species
(as well as the species “Limnopagetia” modelli Schl.)
more likely belongs to Cerastoderma. These beds
yielded also Limnopappia kuiperi Schl. with a single
cardinal tooth, reduced posteriolateral teeth, and twe-
layered shell with scales along the anterior ribs.

By the end of the Kozahurian-Late Ottnangian, the
members of the tribe Limnopappiini went extinct
because of the next transgression; thus, in subsequent
marine basins, Tarkhantan and Carpathian, the only
species of Cerastoderma, i.e., C. arcellg (Duj.}, repre-
sented by an endermic subspecies, was confined to the
most freshened parts of these basins.

" Middle Miocene

In the Chokrakian Basin, only the same cerastoderm
subspecies endemic to the Paratethys persisted, i.e.,
C. arcella bogatschevi (Kol.), inherited from the
Tarkhanian. However, the history of Chokrakian lym-
nocardiines 1s especially interesting in that the features
characteristic of lymnocardiines appeared in the
descendants of the genus Parvicardium, in the series
Parvicardium kubanicum~“P." brykense Zhgenti et
Gontcharova, 1989 (Gontcharova, 1989). The latter spe-
cies is assigned herein to a separate genus Chekrakia and
separate tribe Chokrakiini in the subfamily Lymnocar-
ditnae.

In the Early Karaganian of the Eastern Paratethys,
cardiids (including lymnocardiines) were absent. Only
about the mid-Karaganian during the short connection
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to the open sea (Varna episode) did the species PJmO"-’ 6&10 o e
formes praeplicatus (Hilb.) (tribe Plicatiformini) pes™® g 3 \o\‘fQ
trated this basin along with some cther marine faunye®; q &% @%

In the Badenian of the Western Paratethys, cerast, 3?}&3}‘ @e.“"@
derms were very rare and were represented by a singlt ma“
spemes C. arcella (type subspecies). However, alrea.dsJ g.k 0%

in the Late Badenian basin, as well as in the Konkian® <@ 'efv\ﬂ:
the members of the genera typical for the Sarmatian 51960\ W
were quite common: Plicatiformes and Obsolet:ﬁ::rmes w \\‘&‘\ e’é'"
(P. praeplicawus and O. lithopodolicus). It is quite pos- Occ,\ﬁ‘ 50
sible that the latter species gave rise to members of the 3% o
genus [naequicostates as early as the Konkian. These PR ‘“a,
three genera became dominant in the Sarmatian semi- Qad'e'c
marine basin, which replaced the Konkian-Badenian o
basin and was only episodically connected to the open {&_6
Mediterranean Sea. In response to the Early Sarmatian W
closure and freshening, most of the marine taxa went ®

extinct and few surviving species (including lymnocar-
diines) gave rise to numerous (especially in the Middle
Sarmatian) species and genera. [t was a further, third
stage of the explosive diversification and broad distri-
bution of lymnocardiines belonging to four tribes
endemic to the Sarmatian.

A peculiarity of the Sarmatian cardiids is that their
intraspectfic variability affects both specific and
generic characters; thus, it is often easier to trace out
the phyletic lineages than to divide them into taxa. So,
within the variability limits of the species fnaequicos-
tates politioanei Jekelius (Jekelius, 1944, pls. 34, 35),
one can observe a gradual transition from the speci-
mens similar to Cerastoderma to quite peculiar forms
with inequally developed ribs, spinules at the strongest
ribs, and poorly developed hinges, i.e., characters typi-
cal for Inaequicostates. The identification of these
forms as species and genera is often subjective and
requires studying quite considerable material from
many localities. For example, the forms that we
included (Nevesskaja et al., 1993) in the species Plicar-
iformes plicatus (Bichw.) as subspecies, i.e., P. p. plica-
tus (Eichw.), B p. jammensis (Hilber), £ p. latisulcus
(Munster in Goldfuss}), and P. p. plicatofittont (Sinz.),
weie raised to the species rank by most other auiiors.

Sarmatian lymnocardiines were classified into sev-
eral groups (Kolesnikov, 1948; Kojumdgieva, 1969)
and regarded either as subgenera of the genus Cerasto-
derma [Plicatiformes, Obsoletiformes, lnaequicostates,
and Planacardium {(Paramonova, 1971; Iljina er af,
1976)] or as separate genera (Bagdasarian, 1978). Our
revision of all Neogene cardiids of the Eastern Parat-
ethys shows that it is more expedient to regard these
taxa as genera. In addition to them, two more genera
characterized by a considerably modified shell shape
and somewhat weakened hinge merit separation from
Obsoletiformes (Kubanocardinm Nuskhel. and Avicu-
locardium Bagd.). The subgenus “Cardium” (Repli-
dacna) described by Jekelius (1944) and recorded by
other authors both in the Western (Sarmatien..., 1974)
and Eastern Paratethys (Ali-Zade, 1974) is possibly syn-
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cnymous with /naeguicostates. This subgenus was
described from the small fragments of the beak area of
valves, giving the false appearance of hypertrophied
teeth. The holotype of the type species Replidacna car-
asi Jekelius (Paramonaova, 1977) is probably a fragment
of the beak area of the shell of Inaequicostates politio-
anei (Jekelius),

The largest of these genera was Obseoletiformes, as
its species was especially numerous in the Middle Sar-
matian. Within this genus, several species groups
ocewrred, more or less differing in shell form, degree of
1ib development, and carination. However, these groups
are insufficiently separated and too closely intercon-
nected by transitional series; therefore, they probably
do not merit any taxonomic rank. So, it appears unjus-
tified to rank the species groups protracturn and fische-
rianum as the genus Protractiforma Koles. (emend.
Bagd.) with the subgenus Fischericardium Bagd. The
group profractum is marphologically close to the group
obsoletum, differing only in having a less inclined,
often straightened posterior branch of the hinge margin,
as noted already by Laskarev (1903) when establishing
these groups. The sharp carination of the shell, taken as
a diagnostic character of the subgenus Fischericar-
dium, appeared independently at the beginning of the
Early Sarmatian (in Obsoletiformes kaundensis vol-
hynicus} and at the end of the Middle Sarmatian (iri the
species assigned to this subgenus). It also seems unjus-
tified to rank the species group desperatum (differing
from the obsoletum group only in having less devel-
oped ribs) as the genus Sarmaticardium Bagd.

As for the origin of the above genera, Plicatiformes,
as already mentioned, appeared in the mid-Karaganian
and descended from Cerastoderma (Nevesskaja, 1950,
Bagdasarian, 1970, 1974; Paramonova, 1971), most
probably from C. arcella. The earliest species P, praep-
licatus (Hith.) already differed from Cerastoderma in
the ormamentation (relatively wide and flattened inter-
spaces), reduction of the outer shell layer, and weaken-
ing of the hinge, and its descendants deviated even
more from the ancestral form.

The origin of the genus Obsoletiformes is a more
complicated problem. Most authors accepted its rela-
tionship ta Cerastoderma (Kojumdgieva, 1969; Para-
monova, 1971; see also Iljina er al., 1976). However,
Bagdasarian (1970, 1974, 1978) suggested that Obsole-
tiformes descended from members of Parvicardium.
Popov (1977) also noted the similarity of at least some
species of Obsaletiformes to Parvicardium. Paramonova
(1994) argued against this opinion, insisting on the
monophyletic origin of Obseletiformes, most probably
from Cerastoderma.

The genus Inaequicostates obviously descended
from Obsoleriformes in the Konkian. Phylogenetic
relationships of the species of this genus, which inhab-
ited different bottom types and different depths, are still
unclear in many respects. The species that lived on the
muddy sediments of relatively deep (or in shallow but

PALEONTOLOGICAL JOURNAL Vol 35 Suppl. 3

3153

calm) waters had usually thin-walled shells and weak-
ened lateral hinge teeth. The species that lived on the
sandy and muddy sediments of shallow waters had
more thick-walled shells and well-developed hinges,
like in Obsoletiformes. Within the genus Inaequicos-
tates, Muskhelishvili (1965} established a subgenus
Chartocardivm to comprise two species, i.e., [. barbofi
and /. lessitchinensis, which lived on muddy sediments
(in the opinion of Paramonova, these are two subspe-
cies of I. barboti). This subgenus has no definite eco-
logical characteristics and does not represent any sepa-
rate lineage within /naequicostates; thus, its separation
seems anjustified.

The genera Kubanocardium and Aviculocardium
descended from Obsoletiformes at the beginning of the
Middle Sarmatian, and the genus Planacardinm origi-
nated fram Plicatiformes in the middle of the Early Sar-
matian. :

According to their development and morphology,
Sarmatian lymnocardiines could be divided into four
tribes. The genus Plicatiformes assigned to Plicati-
formini contains four species, which changed with time
in one direction: the average value of the total number
of ribs decreased from 24 to 9; in the posterior area,
from 7 to 3; and the width of interspaces increased in
the adcarinal part of the anterior area. The genera Obso-
letiformes (34 species) and Inaequicostates (11 spe-
cies) constitute the tribe Obsoletiformini. The mem-
bers of these genera, which often occurred in the same
communities as Plicatiformes species, show no trends
in the evolution of characters. The genus Plenacardium
(four species), possessing very peculiar features (elon-
gate flattened shell and weakened hinge), is separated
as the tribe Planacardiini; and the genera Kubanocar-
dium (three species) and Aviculocardinm (two species)
characterized by a wing-shaped posterior part of the
shell and weakened hinge, into the tribe Aviculocardiini.

As noted above, the maximum number of new lym-
nocardiine species appeared in the Middle Sarmatian.
It should be noted that in the Early and early Middle
Sarmatian the Paratethys was a single basin, consisting
of (from west v east) the Pannonian, Dacian, and Eux-
iman—Caspian basins, which were connected to each
other at that time. In the late Middle Sarmatian, it
became divided into the western (Pannonian Basin) and
eastern (Dacian and Euxinian--Caspian basins) parts
with different histories; thus, their lymnocardiine fau-
nas evolved differently.

In the Early Sarmatian, three lymnocardiine species
(Plicatiformes praeplicatus, Obsoletiformes lithopodoli-
cus and Inaeguicostates elegantis) gave rise 10 no less
than 17 new species, mostly those of Obsoletiformini
(13). An even greater number of new species (up to 40)
appeared in the Middle Sarmatian (about 30 species in
Qbsoletiformini} when the water salinity decreased to -
leave more ecological niches vacant. The systematic

diversity of lymnocardiines reached a maximum in the
Euxinian-Caspian Basin (with the lowest salinity} and .

a minimum in the Pannonian Basin (with the highest >
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salinity), where Obsoletiformint were represented by
only a few taxa, and Aviculocardiini were not repre-
sented at ail. Thus, during the Early-Middle Sarmatian,
three lymnocardiine species gave rise (o 56 new spe-
cies, 3 genera, and 2 tribes.

Late Miocene

In the Eastern Paratethys, the genera that lived there
in the earty Middle Sarmatian survived untH the end of
the Middle Sarmatian and went extinct at the beginning
of the Late Sarmatian due to a considerable decrease in
salinity.

The subsequent Early Maeotian basin contained
only one cardiid species of the genus Cerastoderma,
C. arcella, represented by an endemic subspecies. The
latter went extinct in the Late Maeotian brackish-water
basin, which contained only one rare endemic species
Cerastoderma galidzgense of limited occurrence.

In the Western Paratethys, which became discon-
nected from the Eastern Paratethys in the mid-Sarma-
tian, the brackish-water Pannonian Basin of the Cas-
plan type emerged, where bivalves were represented
onty by dreissenids and lymnocardiines. These latter
were probably descendants of the Sarmatian forms, as
noted by many authors (Andrussov, 1888; Gillet, 1943;
Ebersin, 1947, Papp, 1953; Taktakischvili, 1987).
However, as pointed out by Taktakischvili, this is as yet
an inadequately studied question. Indeed, students can-
not as vet trace Pannonian tymaocardiines to their direct
ancestors. In the Early Pannonian, sarmatian lymaocar-
diines apparently gave rise to several new genera con-
stituting new separate tribes: Lymmocardiini (genus
Lymnocarndivm), Paradacnini (zenus Paradacnea), Pon-
talmyrint {genus Pseudocatillus), and possibly Phyllo-
cardiini {7genus Parvidacna). It was a beginning of the
next, fourth stage of explosive diversification in lymno-
cardiines. In the Early Pannonian basin, the species of
the genus Lymnocardinm (~25 species) dominated,
whereas the other genera were represented by only a
few species.

Iu the Late Pannonian, the generic composition of
Lymaocardiinae was supplemented by several genera:
Arpadicardium, Pannonicardium, and Bosphoricar-
dium (tribe Lymnocardiini); Phyllocardium (tribe Phyl-
locardiiniy; Protoplagiodacna (iribe Arcicardiimi); and

- possibly Caladacna (Mribe Pontalmyrini). As a rule, all
' these genera were represented by one to three species,

- whereas an intensive speciation occurred only in Lym-

nocardium (~40 species, according to the fiterature).
Therefore, the Pannonian lymnocardiines included

. members of the tribes Lymnocardiini, Pontalmyrini,

| Phyliocardiini, Paradacnini, and possibly Arctcardiini.

Probably at the same time, several lymnocardiine

i taxa emerged in the norihern freshened parts of the
Messinian Mediierranean Sea, including the members
of the tribes Lymnocardiini (genera Euxiricardium and
Helenicardium), Pontalmyrini (species of Pontalmyra

PALEONTOLOGICAL JOURNAL Vol 33

and Psendocatiilus), Prosodacnini (genera Eupatorina
and Prosodacromya), and Paradacnini {Paradacna
abichi),

In the subsequent, Pontian interval, the entire Para-
tethys became a brackish-water basin, but in the Early
Pontian, there was no direct connection between iis
western (Panmonian Basin) and eastern parts (Dactan-
Euxinian—Caspian Basin), 50 the generic composition
gf Lymnaocardiinae differed markedly in these two

asing.

In the Western Paratethys, the members of the same
Pannonian genera persisted into the Early Pontian, with
Lymnocardium (~10 species) still dominating, whereas
Arpadicardium and Pannonicardium were represented
by one species each (Figs. 2, 3). Caladacna (tribe Pon-
talmyrini), the genus that appareatly evolved from Sar-
matian Plicatiformini already in the Pannonian, and of
Pseudocarillus (see below)} were recorded for the first
time.

Concurrently, the Easiern Paratethys was invaded as
a result of the Early Pontian transgression by the forms
that were mentioned above as those originated in the
northern freshened parts of the Messintan Mediterra-
nean Sea: members of Fuxinicardium, Pseudocatillus,
Pontalmyra, Prosodacnomya, Eupatorina, and Para-
dacra (Figs. 3-5, 7). Generic composition of this -
assemblage was elucidated by Ebersin (1949). Some of -
these genera do not occur in the Western Paratethys
(Pannonian Basin); they were undoubtedly of Mediter-
ragean origin (“Aegean,” after Ebersin, 1949; Andree-
scu, 1977; Popov and Nevesskaja, 2000) and most
probably descended from members of the genus Ceras-
toderma. The origin of other genera raises some ques-
tions. These are Pontalmyra, Pseudocarilius, and Para-
dacna, the species of which were recorded from the
Pannonian (i.e., from the beds deposited earlier than the
Lower Pontian). Let us consider each of them sepa-
rately.

Many authors believe that Pontalmyra includes five
Pannonian species. However, Lymnocardivm viquesneli
Pavl. was transferred by Stevanovic¢ (1978) to the genus
Protoplagisdacna Stevanovic; L danicici Pavl, L. pro-
multistrictum Jek., and Adacna otiophora Brus. most
probably belong to the genus Lymnocardium (Lueger,
1980; Taktakischvili, 1987); and the generic position of
L. desertum Stol. 1s unclear. Therefore, there were no
true Pontalmyra in the Pannonian Basin during the

Pannonian; thus, the genus is undoubtedly of Mediter-

ranean origin.

Two other genera are a more complicated problem,
About ten species from the Pannonian deposits were
assigned to Pseudocatillus. Although most of them
[F ducici (Brus.), P loerentheyi (Pavl.), P petkovici
(Pavl), P, stojadinovici (Pavl.), P. stoosi (Brus.), F voe-
sendorfensis (Papp), and P viennensis (Papp)] were
never revised in detail; this assignment raised doubts in
subsequent students. The species P simplex (Fuchs)
most probably belongs to Pseudocatillus; this species is
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Fig. 2. Phylogeny and stratigraphic range of the genera of the tribe Lymnocardiini.

known, in addition to the Pannonian, from the Pontian

(Lower and Upper) of Austria, Serbia, Romania, Bos-
nia, Slovenia, Croatia, i.e., from both the Western and
Eastern Paratethys. This species is very similar to
F. pseudocatillus (Barb.), the type species of the genus,
found in abundance in the Lower Pontian deposits from
the Aegean region to Transcaspia. Ebersin (1967) con-
sidered P simplex an ancestral form to all other
Pseudocatilius, whereas Gillet and Marinescu (1971)
supposed that this is only a form of P pyendocatillus,
appearing in parallel in different basins (Pannonian and
Euxinian races).

The species Paradacna abichi shows a similar dis-
tribution that is characteristic of both the Pannonian
and Pontian beds. In this case, one can likewise propose
different hypotheses: paralle! developments of the
same species from a single or several closely related

PALEONTCLOGICAL JOURNAL  Vol. 35 Suppl. 3

species in different basins and at different times; emer-
gence of Paradacna and Pseudocatillus in the fresh-
ened gulfs of the pre-Messinian (Late Tortonian) Sea
and their penetration into the Pannonian Basin during
the Pannonian time; or just the opposite, evolution of
these genera from Sarmatian ancestors in the Pannon-
ian Basin and their subsequent migration to the north-
em parts of the Messinian Sea through a hypothetical
strait that connected the Panncnian Basin w1th the Late
Miocene Mediterranean Sea. - :

Anyway, the question cannot be solved at prcsent,
because the direct ancestors of both genera remain to be
found both in the Messinian and Pannonian basins.

Thus, of six lymnocardiine tribes that existed in the
Early Pontian Paratethys, Prosodacnini were of Medi-
terranean origin; Paradacnini, Phyllocardiini, and pos-
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sibly Arcicardiini were of Pannonian origin; and Lym-
nocardiini and Pontalmyrini were partly of Aegean
(Euxinicardium, some species of Pseudocatillus) and
partly of Pannonian origin.

It 15 only at the beginning of the Late Pontian (Por-
taferrian) that the Western and Eastern Paratethys
became closely connected through the Dacian Basin,
which in the Early Pontian, was connected only with
the Euxinian—Caspian Basin. At that time, lymnocardi-
ines migrated both eastward and westward. Simulta-
neously, an event of explosive diversification (at the
generic and subgeneric level) took place, mainly in the
Eastern Paratethys (fifth stage of the divergence in
Lymnocardiinae).

The number of tribes remained constant throughout
the Poctaferrian. Members of the seventh tribe, Pachy-
dacnini, appeared in the latest Pentian.

In the Western Paratethys, one or two new genera
originated in the tribe Lymnocardiini (Fig. 2): Budma-
nig and possibly Tauricardium (origin uncertain).
Events of intensive speciation occurred in Lymnocar-
dism (~30 species) and Budmania (7 species); the
remainiug genera were represented by two to four spe-
cies (Arpadicardium, Bosphoricardium, Pannonicar-
dium, and Tauricardium). All of the genera (except for
Euxinicardium, which came from the east) were of Pan-
nonian origin. Budmania and Pannonicardium were
endemic to the Pannonian Basin; Arpadicardium, Lym-
nocardium, and Tauricardium migrated to the Dactan—
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Fig. 3. Distribution of the genera of the tribe Lymnocardiini in the hasins of the Paratethys.

Euxinian Basin at the beginning of the Late Pontian
(Fig. 3). Although species of Euxinicardium migrated
from the Dacian-Euxinian 1o Pannonian Basin, they
remained uncommon there. As for species diversity, in
the Late Pontian Pannonian Basin, species of the genus
Lymnocardium were the most numerous; Budmania,
Pannonicardium, and Tauricardiim were less numer-
ous; and Arpadicardium and Euxinicardium were rep-
resented by a single species each.

In the Eastern Paratethys, during the early Late Pon-
tian, only a single genus, Dacicardium, originated, -
most probably in the Dacian Basin (Fig. 3). Subse- -~
queiitly, it-pencirated inio the Tuxinan Basin, The spe- -+ -
cies of Ewxinicardium dominated there, especially in .
the Dacian Basin. Three species were common in these -
basins, E. subodessae, E. nobile, and E. amicorum, =

with the first occurring at that time in the Pannonian
Basin as well. The remaining genera were represented
by one or two species each; of these genera, the species
common in the Daclan and Euxinian bastns were Tau-
ricardium peterst, Bosphoricardiuum emarginamm, and
Arpadicardium peregrinum, the first was also recorded
in the Pannonian Basin. .

In the latest Pontian in the Caspian Basin, which
became isolated from the Euxinian one, the genus Nar-
gicardium originated (probably from Euxinicardium)
and the genus Schirvanocardium appeared. The origin
of the tatter remains uncertain; it was descended either
from Bosphoricardium, being similar to it in the proso-
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ethys.

dacnoid shell and rib pattern, through fetalization (the
hinge is well developed only in young Bosphoricar-
dium), or from Lymnocardium, being similar to it in
teeth development, through the development of the
prosodacnoid shell and loss of the shell gape and the
sinus. In the latter case, Schirvanocardium should be
regarded as a ¢olonizer from the west,

At that time, the generic composition of Lymnocar-
diini remained in the Dacian—Euxinian Basin the same
as in the early Late Pontian. As for species composi-
tion, several mew species appeared and others went
extinet, but the dominance stonctiwe remained nearly
the same as in the previous time interval: the species of
Euxinicardium prevailed, although their number and
the abundance of individueal species sharply decreased;
Tauricardium was represented by two species common
in both basins; the remaining genera, by one species
each. Five species were commoen to the Dacian and
Euxinian basins: Euxinicardium amicorum, E. tnion-
gaevum, Bosphoricardium emarginatum, Tauricardium
petersi, and T. squamulosum.

The other tribes known in the Pannonian Basin from
the Pannonian and later beds changed their composi-
tion only slightly; this change was caused mainly by the
immigration from the east of several genera new to this
basin,

The tribe Paradacnini was represented by five spe-
cies of the genus Paradacna in the Early and early Late
Poutian of the Pannonian Basin and by five species in
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Fig. 4. Distribution of the genera of the tribes Phyllocardiing, Arcicardiini, Pachydacnini, and Paradacnini in the basins of the Parat-

the Early Pontian of the Dacian Basin, whereas in the
Euxinian—Caspian Basin only one species, P. abichi,
occurred at that time in abundance in the silty facies. In
the early Late Pontian of the Euxinian Basin, this genus
became more diverse to include, in addition to £ abi-
chi, five species, three of which were local endemics
{E huoti known only from the Kerch Peninsula and
P. substratonis and P urthensis from western Georgia)
and the fourth, P. retowskii, was mentioned by Taktaki-
schvili (1977) as being from Georgia only. In the latest
Pontian of the Dacian Basin, four new species appeared,
while P, abichi and F. retowskii persisted. Coeval beds
of the Euxinian Basin contained, besides P abichi, also
P retowskii, P andrussowi, and P huott, of which the
last two were local, rather rare endemics (Fig. 4).

The tribe Phyllocardiini was represented by two
genera differing in distribution. The genus Phyllocar-
dium, which appeared in the Pannonian, persisted into
the Pontian of the Pannonian Basin up to its complete
freshening, migrated eastward in the middle Late Pon-
tian, and lived there until the early Late Pliocene. The
genus Parvidacna, which likewise migrated from the
Pannonian Basin, was restricted in the Dacian-Euxin-
ian Basin to the Late Pontian; in the Euxinian Basin, it
was recorded only from the sarly Late Pontian (Porta-
ferrian) of the Rioni Gulf (Fig. 4).

The tribe Pontalmyrini is one of the largest (12—
14 genera). As noted above, its origin is disputable
(Figs. 5, 6). Among Ponraimyra species of Mediterra-
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Fig. 5. Distribution of the generz of the tribe Pontalmyrint in the basins of the Paratethys.

nean {Aegean).origin, the most widespread in the Early
Pontian was P novarossica known in the Aegean Gulf
of the Messinian Sea, as well as throughout the
Dacian-Euxinian—Caspian Basin. It was probably
ancesiral to many subsequent species of Pontalmyra.

‘The Aegean Gulf was also inhabited by the species

F. incerta (Popov and Nevesskaja, 2000), which later
extended its range into the Euxinian Basin and gave rise
to several other species. Besides P. novarossica, the
Early Pontian Euxinian—Caspian Basin contained three
more rare species provisiopally assigned to Pontalmyra:
B(?}) kubanica, F(?) transcaspica, and P(?) infrapon-
tica. As noted above, ihe Pannouian Basin had no spe-
cies that may be reliably assigned to this genus.

In the early Late Pontian (Portaferrian) of the Pan-
nonian Basin, only a few Pontalmyra species oceurred,
including P, rarissima and P, budmani, which probably
came from the Dacian Basin, contrary to Papaianopol’s
opmlon (1981} that these species were of Pannonian
origin {no ancesiral species have been proposed). At
that time, the Dacian Basin provided a habitat for about
ten species of Ponmtalmyra, including two species
occurring in the Pannonian Basin and four in the Bux-
injan Basin. In the early Late Pontian of the Euxintan
part of the Eastern Paratethys, 7-11 species occurred,
of which 4 species occurred also in the Dacian Basin:
P. subincerta, P subcarinata (Taktakischvili, 1977),
P dacica, and P, otiophora. The latter species, recorded

CORRN A

©msme
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by Taktakischvili (1977) from the Portaferrian of Geor-
gia, was the only one that also occurred in the Pannon-
ian Basin. Only three species were quite abundant:
P subincerta, P. novarossica, and F megrelica. The lat-
ter species was locally distributed (Rioni Gulf) and the
remaining species were rare.

In the latest Pontian (Bosphorian), the genus Pon-
talmyra flourished (Fig. 3). The Dacian Basin was at
that time inhabited by 14 Pontalmyra species (Papaian-
opol, 1981; Taktakischvili, 1987), including 4 species
occurring also in the Euxinian Basin, among which
£ subcrenulata and I subincerta were immigrants
from the Buxinian Basin, The Euxinian Basin was pop-
ulated by more than 30 species (Ebertsin, 1962), among
which P. planicostata, P. paucicostata, and P sulcatina
were abundant and widespread, and £ incerta, P. sub-
carinata, P. crenulata, and P. repens were locally dis-
tributed. Of ten species occurring in the Caspian Basin
(Shemaha and Babadzhan beds), nine species were
endemic, P. laskerevi was found {n abundance, £ pirsa-
gatica and P depereti were quite abundant, and only a sin-
gle species occurred also in the Euxinian (P mutabilis).

As for the origin of the Late Pontian species of the
Euxinian and Caspian basins, some of them descended
from P. novarossica (P. subincerta and P. dacica) or
similar species (P, sulcatina and P. subcarinara) in the
Euxinian or Dacian basins (P, subcarinata most likely
in the Dacian), and most of them from P incerta

Vol 35 Suppl. 3 2001
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(P planicostata, P perfecta, P. caucasica, P annosa,
P. gourieffi, P. crenulata, P. subcrenulata, and possibly
P praecrenulata) and from F. subincerta (P. repens,
P megrelica, and £, subdepressa). P, azovica originated
from P. subincerta or from its descendant, F. subde-
pressa, while P paucicostata and P. zuzica separated
from P planicostata, P multistriata descended either
from P, sulcatina in the Euxinian Basin or, according to
Papaianopol (1981} and Akhvlediani (1984), from
F. otiophora in the Pacian Basin to enter later the Bux-
inian Basin. The origin of P, georgiana remains uncer-
tain. Most pontalmyras of the Late Pontian Caspian
probably originated from P, incerta, while P. schema-
chinica obviously originated from P sulcatina and
P crassatellatoides possibly originated from P, subcras-

PALEONTOLOGICAL JOURNAL  Vol. 33

satetlata or P crassatellata; the origin of P(?) squa-
mosg is unclear.

Similar to Pontalmyra, the genus Psendocatillus
was represented by many species, some of which were
index fossils for respective assemblages. The genus
Pseudocarillus is diphyletic, as noted above (Figs. 5, 6).
Among the Pseudocatillus species of Mediterranean
(Aegean) origin, the most widespread and abundant
was P. pseudocatillus, known in the Ponto—Caspian,
Aegean, and Dacian basins and ancestral to most of its
congeners. In the Ponto-Caspian Basin, this species
coexisted in the Early Pontian with four more rare and
locally distributed species, one of which, P{?) besla-
chubae, was of uncertain origin and only provisionally
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assigned to the genus Pseudocatillus. Other species of
unclear origin were P. balatonicus, P. cisaralensis, and
P omnivagus. The latter form was homeomorphaus rel-
attve to Pseudocatillusi 7} subcoloratus. In the Dacian
Basin, P pseudocatillus coexisted with another species
that is likely to belong to Pseudocatillus, *Pontalmyra
(Sinupontalmyra)” barbata, and in the Aegean Gulf,
this species coexisted with P submedius and P. multi-
costatus (Popov and Nevesskaja, 2000).

In the Pannonian Basin, the first finds of Pseudoca-
titlus were dated to the Pannonian (Fig. 3), but it is
likely that (similar to Pannonian Pontaimyra) some of
these are homeomorphic forms; thus, “P.” stojadinov-
ici (Brus.} and “Didacromya” bosniaca Stev. do not
belong to Pseudocatillus, and only P, simplex should be
included in this genus.

In the early Late Pontian (Portaferrian) of the Pan-
nonian Basin, the members of the genus remained rare
(P pseudocatillus and P. balatonicus). In the Dacian
Basin, ten species existed at that time (Papaianopol and
Pavnotescu, 1981), of which ouly two also occurred in
the Euxinian Basin (P pseudocatillus and P subdenta-
tus). In the Euxinian Basin, of six or seven species that
occurred in the early Late Pontian, P pseudocatifius
and P, corbuloides were abundant and widespread, and
P medius and P. subdentatus were locally distributed.

- The latter two species descended directly from P pseudo-

catitlies (Ebersin, 1967); P, corbuloides descended from
P subdentatius; and the local rare species, F. guriensis,
is of uncertain origin.

In the latest Pontian (Bosphorian), 14 spemes inhab-
ited the Dacian Basin, and only 2 species persisted in
the Euxinian Basin (both of them inhabited also the
Dacian Basin): P corbuloides was abundant, and
P subdentatus was locally distributed. In the Caspian
Basin (Shemaha and Babadzhan beds), the only
endemic, rare species, P(?) babadjanicus, was recorded,
which possibly descended from P. subdentarus.

In the early Late Pontian (Portaferrian), apparently
from some Pseudocatillus species probably in the
Dacian Basin, the genus Chartoconcha originated

"+ (Fig. 6) and colonized all the basins of the Paratethys
- (Fig. 5). At that timme, vne species of this genus existed

in the Pannonian Basin and two species inhabited both
the Dacian (Papaianopol, 1975b) and the Euxinian
basins (Ch. bayerni and Ch. candida, which apparently
came to the Euxinian Basin from the west), It is worth
mentioning that Chartochoncha, including both smooth
(Ch. bayerni) and distinctly ribbed (Ch. candida) forms,
appeared in all these basins simultaneously, thus imply-
ing that the smooth and ribbed species originated from
different Pseudocatillus species concurrently. In the
Bosphorian, Chartoconcha species increased in num-
ber up to four in the Dacian Basin, whereas in the Eux-
inian Basin, they were represented by the same two
species that survived from the Portaferrian; one of them
(Ch. candida) penctrated also into the Caspian Basin.
In the latest Pontian {Bosphorian), the genera Ora-
phocardium and Pteradacna evolved from the genus

PALEONTOLOGICAL JOURNAL  Vol. 35

Pontalmyra (Fig. 6). Oraphocardium was represented
at that time by a single species of local distribution,
endemic to the Euxinian Basin. Pteradacna possibly
penetrated into the Dacian Basin as well (Fig. 5). Ora-
phocardium probably originated from Pontalmyra sub-
depressa through fetalization, i.e., development of lat-
eral tecth in the left valve; these teeth were lacking in
the adult forms of Pontalmyra (Ebersin, 1962). Prera-
dacna most probably descended from the species Pon-
talmyra gourieffi, which gave rise to Preradacna bos-
phorana, which has a shell simalar to that of young
P gourieffi, ie., agaln through fetalization. According
o an alternative oplmon (Papaianopol, 1974), Prera-
dacna is of Pannonian origin, i.e., P pterophora (Porta-
ferrian of the Pannonian Basin) and gave rise to all the
other species, including P, rochanensts (latest Pontlan
of the Dacian Basin), which in turn gave rise to the
Euxinian species. In our opinion, bath of the latter spe-
cies possibly belong elsewhere and, therefore, are
assigned only provisionally to Pteradacna.

In the Bosphorian of the Dacian Basin, an endemic
genus Luxuridacna, characterized by a weakened
hinge, evolved probably from Pontalmyra (Fig. 6). This
genus was represented by several species that existed

only int the Bosphorian and went extinct by the begin-

ning of the Pliocene (Papaianopol, 1980}.

It is possible that Pontalmyra also gave rise to the
genus Pseudocardita, the representatives of which
were found in the ?Pontian deposits of Turkey (Oppen-
heim, 1918).

The genus Caladacna stands somewhat by itself and
is known as early as the Late Pannonian and Early Pon-
tian of the Pannonian Basin (Figs. 5, 6). As suggested
by Taktakischvili (1977), this genus apparently origi-
nated from descendants of the Sarmatian Plicatiformes, -
possibly via the Pannonian species “Limnocardium’
ormatum Pavl., assigned to Caladacna by Stevanovié
(1953, 1957). In this case, the genus possibly merits to
rank as a separate tribe. In the Pannonian and Dacian
basins, there was a widespread species, C. stein-
dachneri, that entered during the Portaferrian from the

Pannonian Basin into the Dacian and Euxinian basins

and persisted there into the Early Pliocene and in the Eux-
inian Basin probably into the Middle Pliocene (Fig. 5). -
The tribe Arcicardiini was represented by the genus
Arcicardium, first recorded from the Portaferrian beds
(early Late Pontian) of the Dacian Basin. This genus
was absent from the Pannonian Basin to appear only i
the Bosphorian in the Euxinian Basin (Fig. 4). The gen-
era Protoplagiodacng and Plagiodacng were also pro-
visionaly assigned to this tribe. The former is of Pan-
nonian origin; i.e., it existed in the Pannonian Basin
during the Patinontan and Pontian to migrate to the
Dacian Basin in the early Late Pontian and go extinct at
the end of the Portaferrian (Fig. 4). This genus probably
descended from some Sammatian forms (?0bsoleri-
JSormes) and, in turn, could give rise first, in the Early
Pontian, to. Plagiedacna (in the Pannonian Basin) and
subsequently, in the late Early Pontian—early Late Pon- -
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Fig. 7. Distribution of the genera of the tribe Prosodacnini in the basins of the Paratethys.

tian, to Arcicardium. At the beginning of the Late Pon-
tian, Plagiodacna migrated from the Pannonian Basin
to the Dacian—Euxinian Basin (Fig. 4).

The tribe Prosodacnim comprises ten genera, seven
or eight of which were recorded from the Late Miocene
(Figs. 7, 8). The earliest members of this tribe, the gen-
era Eupatorina and Prosodacnomya, were found in the
Early Poutian of the Aegean Gulf and of the Dacian and
Euxinian basins. Eupatorinag was also found in the Cas-
pian Basin. The genus Eupatorina apparently origi-

Sea, posstbly from some Cerasioderma species, and
migrated in the Early Pontian to the Euxinian—Caspian
and Dacian parts of the Paratethys but not to the Pan-
nonian Basin (Figs. 7, 8).

The genus Eupatoring was restricted to the Pontian
time and comprises a single species, E. littoralis, which
was abundant and widespread. throughout the Parat-
ethys, except for the Pannonian Basin. In the Late Pon-
tian, this genus disappeared from the Euxinian and Cas-
piant basins and persisted until the early Bosphorian
(two species) in the Dacian Basin.

The genus Prosodacnemya is probably also of Med-
iterranean origin, but Miiller and Magyar (1992)
believed that it originated from the Pannonian Lymno-
cardivm (L. decorum). One cannot exclude that the type
species of Prosodacnomya, ie., P, rostrata, evolved

PALEONTOLOGICAL JOURNAL Vol 35  Suppt 3

" ‘nated in the pre-Pontian Aegean Guif of the Messinian’

from Cerastoderma in the Messiian Aegean Gulf,
whereas the species assigned to Prosodacnomya from
the Pannonian and Dacian basins (B sturi, £ dainelli,
and P, stenopleura) are of different origin and should be
transferred to a separate genus, dated to the Late Pon-
tian or even the Pliocene (Figs. 7, 8). P. rostrata had
limited distributional ranges both in time (Early Pon-
tian} and in space (South Ukraine, Romania; Ebersin,
1959).

The most widespread genus of lhé_ tribe, Proso-

dacna, evolved in the carly Late Pontian from Eupate-

rina (Ebersin, 1939; Akhvlediani, 1984), most proba-
bly in the Dacian Basin (£ semisulcata portaferrica
Pap.}, and then it penétrated into the Euxinian Basin,
where it was represented by a single rare species P, fis-
cheri during the Portaferrian and by four species during
the Bosphorian: abundant and widespread F. semisul-
cata, quite common P, macrodon, and rare F, fischeri
and P duabica. In the Bosphorian, the Dacian Basin
was inhabited, in addition to P. fischeri, F. semisulcata
semisulcata, and P. macrodon, by the species P, siolitz-
kai (Taktakischvili, 1987).

The genera Prosochiasta, Zamphiridacna, and
Metadacna most probably also evolved from Eupato-
rina: Prosochiasta, in the Early or Late Pontian; Zam-
phiridacna, in the Late Pontian; and Mezadacna, in the
latest Pontian or Early Kimmerian.
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Fig. 8. Pnylogeny and stratigraphic range of the genera of
the tribe Prosodacnini. )

~wm< v The genus Prosechiaste, endemic to the Euxinian

Basin and represented only by P prosochiasta, was
restricted 1o the Pontian Rioni Gulf (Abkhazia). The
gemus  Zamphiridacna was characteristic of the
Pliocene of the Dacian Basin (Portaferrian-Dacian;
Papaianopol, 1976; Andreescu, 1977); in the Euxinian

~ and Caspian basins, it was very uncommon; and in the

Pontian time, it possibly disappeared completely. As
for the genus Psilodon, it possibly descended from
Prosodacna through the development of ribbing or,
according to Papatanopol (1978b), from Fupatering,
this genus first appeared in the Bosphorian of the
Dacian Basin and migrated subsequently to the Eastern
Paratethys only in the Pliocene.

The monotypic genus Stylodacna originated in the

- Dacian Basin, probably from the genus Zamphiridacna

in the Early Bosphorian (Fig. 8) and persisted there into
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the Early Pliocene; only a few representatives of this
genus penetrated into the Euxinian Basin (one speci-
men from the Bosphovian of the Kerch Peninsula was
provisionally assigned to the genus). '

The tribe Pachydacnini consists of a single genus,
Pachydacna, with two subgenera. The subgenus that
appeared earlier, i.e., Parapachydacna, probably descen-
ded from the genus Dacicardium (tribe Lymnocardiini),
maost probably in the Dacian Basin (Fig. 4) during the
Bosphorian (Papaianopol and Motag, 1978). There
were no pachydacnas in the Pontian of the Euxinian
Basin.

It is noteworthy that the species of this genus in the

Caspian Basin, P, (P) marasinica, was found in younger
strata, in the Babadzhan beds (Late Pontian—?Early
Kimunerian), thus indicating that the species from the
Dacian Basin apparently migrated to the Caspian some-
where along the southern coast of the Eastern Parat-
ethys, passing over the main part of the Euxinian Basin.

Summing up the Pontian stage of lymnocardiine

evolution, one should note that there were no signifi-
cant changes in the generic composition in the Late

Pannonian and Early Pontian of the Paratethys. The =

fifth stage of the explosive evolution in lymnocardiines
began in the early Late Pontian (Portaferrian) and was
confined mainly to the Eastern Paratethys, namely, to
the Dacian—Euxinian part. Seven genera (Arcicardium,
Plagiodacna, Chartoconcha, Dacicardium, Orapho-
cardium, Prosodacna, and Zamphiridacna) originated
there. It should be stressed that all of these newly
appeared genera belonged to already existing tribes.
The species of Euxinicardium, Pontalmyra, Pseudoca-
tilfus, and Paradacna dominated in the Dacian—Euxin-
ian Basin at that time.

In the latest Pontian, the Western Paratethys gradu-

ally diminished and eventnally ceased to exist as a
brackish-water basin changing into a series of freshwa-

ter lakes. Within the Eastern Paratethys, the brackish-

water basin persisted and the lymnocardiine evolution
continued. In the Caspian Basin, which separated from

the Dacian-Euxinian Basin and thus maintained its -
hrackish water for some time, only the genus Pon- " 77

talmyra speciated intensively, whereas the remaining
genera were represented by a few species.

The generic composition in the latest Pontian of the
Euxinian and Dacian basins was similar to (and mainly
inherited from) that of the preceding Portaferrian basin:
both basins were inhabited by species of Pontalmyra,
Pseudocarillus, Chartoconcha, Caladacna, Phyllocar-
dium, Plagiodacna, Paradacna, Tauricardium, Euxini-
cardium, Dacicardium, and Prosodacna. The Dacian
Basin was inhabited by Parvidacna and Arpadicar-
diterm, which came earlier from the Pannonian Basin.
Only three new genera appeared in this basin, ie.,
Pachydacna, Luxuridacna, and Stylodacna, of which
Pachydacna belonged to a new tribe Pachydacnini and
was represented by the subgenus Parapachydacna.
In the Euxinian Basin, only one new genus, Piera-
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dacna, appeared, while Arcicardium, Dacicardium, and
Stylodacna migrated to this basin from the Dacian
Basin. The species of Pontalmyra, Pseudocatilius,
Chartoconcha, Euxinicardium, Paradacna, and Proso-
dacna dominated in both basins, whereas species of
Luxuridacna dominated only in the Dacian Basin, Dur-
ing the Bosphorian, the fifth stage of the explosive
diversification in the lymnocardiine history continued,
but it was less pronounced. '

PEiocene-—EdrIy Pleistocene

In the Pliocene, the lymnocardiine evolution pro-
ceeded after the same scenario as in the Late Miocene,
namely, within the same seven tribes. In the Early
Pliocene (Kimmerian—Dacian), the Dacian and Euxin-
ian basins began to separate and their lymnocardiine
faunas became increasingly divergent; some forms
went extinct and others appeared. The diversification in
the Euxinian Basin was more intensive than that in the
Dacian Basin. Eight new genera originated there {Sten-
odacna, Macradacna, Panticapaea, Oxydacna, Mogui-
cardium, Limnodacna, Metadacna, and Prionopleura),
in contrast to only three in the Dacian Basin (Ecericar-
dinm, Horiodacna, and Pachydacna).

The mutual prochoreses also became restricted and
transformed into unidirectional eastward migration: the
species of Horiodacna, Pachydacna s. str., Zamphiri-
dacna, Ecericardium, and Parapachydacna came to
the Euxinian Basin; the latter two genera penetrated
into the basin only very late in the Kimmerian.

In the Middle-Late Pliocene, only the Euxinian
Basin retained its brackish-water character; the Dacian
Basin turned into a freshwater basin; whereas the Cas-
pian, on the contrary, became semimarine and was col-
onized by a new fauna. The Kujainician Euxinian
Basin, which replaced that of the Kimmerian, was
restricted in area to the northern part of the modern
Black Sea and the Sea of Azov and included only minor
parts of the modern main land (western Georgia, the
Taman and Kerch neninsnlas. the northern coast of the
Sea of Azov, and the northwestern coast of the Black
Sea), This basin was inhabited by 18 genera and sub-
genera, all of which were inherited from the Kimme-
rian basin. The species of Pontalmyra, Pseudocatillus,
Pachydacna s. str., and P. (Parapachydacna), Proso-
dacna, and Euxinicardium dominated. Most of these
taxa went extinct during the Kujalnician, and only four
genera survived in the subsequent Early Pleistocene
(=Eopleistocene) Gurian Basin, where two new genera
originated: Tschaudia and Submonadacna.

These events mark the end of the fifth stage in lym-
nocardiine history, which was confined mainly to the
Euxinian-Dacian Basin of the Eastern Paratethys. Let
us consider the development of individual tribes during
this interval in more detail.

In the tribe Lymnocardiini, three genera appeared,
of which Ecericardium originated in the Dacian Basin
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from Euxinicardium (Ebersin, 1965b), whereas
Moguicardium and Limnodacna apparently descended
from Dacicardivm in the Euxinian Basin (Tigs. 2, 3}.
Ecericardium came from the Dacian Basin to the Eux-
inian Basin in the late Kimmerian, and Limnodacna
probably migrated from the Euxinian to the Dacian
Basin about mid-Kimmerian time (Motag et al., 1976).
Mogquicardium was an endemic of the Euxinian Basin.
In the Dacian Basin, Ewxinicardium and Dacicardium
were the most species-rich genera, especially in the
Late Dacian, with equal numbers of species (Papaian-
opol and Popescu, 1978; Papaianopol, 1983b). In the
Euxinian Basin (Eberstn, 1947), the most species-rich
genera were the same Euxinicardium {(four species in
the Early and seven in the Late Kimmerian)} and
Mogquicardium {(two or three species in the Early and
six in the Late Kimmerian). Only two of these Euxini-
cardium species also occurred in the Dacian Basin
(Papaianopol, 1983a}. The remaining genera of this tribe
were poor in species. Tauricardium disappeared from the
Dacian Basin in the middle of the Early Dacian and was
tepresented in the Euxinian Basin by two species in the
Early Kimmerian and by a single species in the Late
Kimmerian—Early Kujalnician, During the Early Kim-

merian, rare Bosphoricardium and Dacicardium still - -~

occurred in the Euxinian Basin (Fig. 3).

In the Kujalnician Basin, a few species of the gen-
era Tauricardium, Moguicardium, Euxinicardinm, and
Ecericardium persisted, the members of the latter two
genera possibly penetrated into the Dacian Basin at the
end of the Romanian (Papaiancpol and Motag, 1978),
but they survived there for a very short timae. By the end
of the Pliocene all Lymnocardiini went extinct to leave
no descendants (Figs. 2, 3).

The tribe Paradacnini with its only genus Para-
dacna disappeared from the Dacian Basin in the
Pliocene, whereas in the Euxinian Basin, it was repre-
sented by two species in the Early and one in the early
Late Kimmerian and became extinct thereafter (Fig, 4).

The only species of the genus Phyllocardium (tribe

Phyllocardiini) occurred in the Early Pliocene in both - «»-
the Dacian and Euxinian basins, but it disappeared -

from the former in the Late Dacian to persist in the
Euxinian Basin at the beginning of the Middle Pliocene
(early Kujalnician) and to go extinct thereafter (Fig. 4).

In the Pliocene, the Pontalmyrini remained the
most diverse and nurmerous tribe, although the shares of
its individual genera changed. In particular, in the Kim-
merian—Dacian, the number of Pomtalmyra species
decreased a lot in both the Dacian and Euxinian basins.
In the Dacian Basin, six species were recorded from the
Early and two from the Late Dacian (Papaianopol,
1981}, all of them were endemic. By the end of the
Early Pliocene, Pontalmyra went extinct in the Dacian
Basin. In the Euxinian Basin, 11 species of this genus
occurred in the Early Kimmerian and 6-7 in the Late
Kimmerian. Of these species, F. gourieffi and P. cras-
satellata were abundant and widespread and £ occi-
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dentalis and P kiptschakensis were locally distribuied.
Six species were inherited from the preceding Late
Pontian basin, and five more originated in the Early
Kimmerian: P crassatellata from P subcrassarellata,
P, vccidentalis from P paucicostare, P. kiptschakensis
and possibly £ oxypieura from FP. planicostata, and
P, karpinskyi from P, subcarinata. Of the three species
that appeared in the Late Kimmerian, P. tamanensiz
descended from P planicostata, P. voskobojnikovi
probably evolved from P, sulcatina (although the latter
species was not recorded from the Early and early Mid-
dle Kimmerian), and £ postoxypleura possibly evolved
from P, oxyplenra (Akhvlediani, 1984),

In the Kujainician basin (Middle-Late Pliocene),
only four species were recorded, of which one species
(F. medeae) was locally distributed and the other three
were rare. Two species were inherited from the Kimme-
rian basin (P crassatellata and P oxyplenra), and the
other two evolved in the Kujalnician basin: P. medeae
from P multistriata (Ebersin, 1962) and P phasiaca
probably from P. tamanensis. Each of the Gurian and
Chaudian Eopleistocene basins contains ounly one spe-
cies of very low abundance. The species P, plesiochora,
which originated in the Chaudian Basin, possibly
descended from P medeae. By the end of the Eopleis-
tocene, all Pontalmyra went extinct and left no descen-
dants (Figs. §, 6).

- Outside the main basins of the Paratethys, some spe-

cies apparently belonging to Fontalmyra are known
from the Pontian deposits of southern Turkey (Taner,
1974). It is quite possible that the endemic genus
Pseudocardita originated from one of these species
(Fig. 6).

The genus Oraphocardium (endemic of the Euxin-
ian Basin}, which descended from Pontaimyra in the
Pentian, was represented in the Early Kimmerian by
only one widespread species O, alatoplanum, which
persisted into the Kujalnician (Figs. 5, 6).

In the Early Kimmerian, the genus Preradacna was
. comprised of two species that originated from the Late

Pontian I" bosphorana: P, praeedentida, exiinet by ihe

end of the Early Kimmerian, and F. edentula, which
survived inio the carly Late Kimmerian; the extinction
of the latter closed the record of this genus (Figs. $, 6).

At the beginning of the Kimmerian, Pontalmyra
gave rise to the genera Stenodacna, Macradacna, Pani-
icapaen, and Oxydacna (Fig. 6). All these genmera
included a few species and were endemic to the Euxin-

~ian Basin (Fig. 5). Of these species, Stenodacna angus-
ticostata was abundant and widespread during the sec-
ond half of the Kimmerian and Macradacra meridion-
alis and M. schakonensis were locally distributed. The
senus Stemodacna (S. praeangusticostata) probably
evolved from the species Pontalmyra subcrenulata, as
suggested by Ebersin (1951) and Akhvlediani (1962,
1984). Akhviediani even included the latter species in
Stenodacna. The Early Kimmerian §. praeangiisticos-
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tata gave rise 10 S. angusticostata (Ebersin, 1951; Akhv- 3% o

lediani, 1962), which survived until the mid-Kujahician,

Macradacna, Panticapaea, and Oxydacna probably
originated from Pontalmyra incerta (Ebersin, 1951,
1967). The earliest species of Macradacna, M. wkrain-
ica, is known from the Early Kimmerian. At the begin-
ning of the Late Kimmerian, this species gave rise to
three species, i.e., M. maxima, M. schakonensis, and
M. commilitans (the latter possibly descended from
M. schakonensis). The former species survived until
the mid-Kujalnician, and the other two {as well as
M. subschakonensis) were restricted to the early Late
Kimmerian. In the latest Kimmerian, two more species
originated, M. pseudoesperanzae (probably from
M. schakonensis) and M., meridionalis, The origin of
the latter 1s uncertain (from M. maxima or from
M. schakonensis), but in any case, fetalization took
place: M. meridionalis possessed well-developed teeth,
whereas in the adults of both possible ancestral species,
the hinge was weak. The same is true of the evolution
of M. commilitans and M. pseudoesperanzae. .- -~ .

The monotypic genus Panticapaea was restricted to
the Early—early Late Kimmerian (Figs. 5, 6).

The genus Oxydacna entered the record in the Early
Kimmerian, with the species Q. ambrae, which still

retained well-developed cardinal teeth but already
formed the sinus. This species gave rise to the species

O. tertigna and O, tenericarde, which had weak hinges -

and occurred In the early Late Kimmerian (Fig. 6).

As mentioned above, the genus Caladacna passed
from the Miocene Pontian Basin to the Early Pliocene
Dacian-Euxinian Basin. It survived in the Dacian

Basin uyntil the middle Early Dactan and in the Euxinian

until the mid-Kimmerian, being the most abundant and

¢ommon in the Early Kimmerian. In the second half of
the Kimmerian (Kamyshburunian), this species gave

rise to C. escheri, which was an endemic of the Euxin-
ian Basin and possibly survived there until the rnid-
Kujalnician (Figs. 3, 6). : : ;

The genus Pseudocarillus was widespread in the

Plincene Euxinian Basin, especially from the second

half of the Kimmerian to the Kujaluician, but it went -

extinct in the Dacian Basin in the early Late Dacian
(Papaianopol and Motas, 1978) (Fig. 5).

At the beginning of the Kimmerian, the number of
species of this genus in the Euxinian Basin was some-
what higher than in the Late Pontian; the only wide-
spread and abundant species was F. corbuloides; the
species P sokolovi was locally distributed and possibly
migrated from the Dacian Basin, where it presumably
originated from ancestors similar to P securus. The
same is true of P, tschelidzei, which was infrequent in
the Euxinian Basin. £ azovicus first recorded at that
stage probably descended from P subdentatus (Akhv-
lediani, 1584), as well as P polemonis.

In the early Late Kimmerian (Kamyshburunian), the
number of Pseudocatilius species was doubled mainly
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due to newly-appearing endemics. The species compo-
sition changed significantly (of ten species, only three
also occurred in the Early Kimmerian). No abundant or
widespread species were recorded among members of
Late Kimmenrian Pseudocatillus. The species P, sokolovi
was locaily distributed in the early Late Kimmerian,
and P. polemonis, P, lebedinzevi, P. donacoides, P. zla-
tarskii, and P. pleonexia were quite common through-
out the Late Kimmerian. Among the newly appearing
species, P ziatarskii probably descended from £ den-
tatus (Ebersin, 1967) and P, kubanicus descended from
one of these two species. P pharnaci, P, donacoides,
and P lebedinzevi most probably originated from
P polemonis, although Ebersin {1967) considered
F. lebedinzevi a descendant of P azovicus. It is proba-
bly premature to create a separate subgenus Pseudoca-
tillus, Donacicatiflus Akhvlediani comprising £ (D.)
donacoides, P (D.) postdonacoides, P. {D.) pharnaci,
P (D.) polemonis, and P. (D. )} septemputeanus (Akhvle-
diani, 1984), because this means that some other groups
(subgenera?) should be established within Pseudocatil-
lus. [f established, Donacicarillus should include F. leb-
edinzevi as well. P. pleonexia probably descended from
F. azovicus directly rather than via P lebedinzevi, as
suggestcd by Ebersin (1967); the origin of P monacho-

" rum is uncertain; it is quite possible that it migrated

from the west (Ebersin, 1967).

In the latest Kimmerian, the number of species
became as low as seven; five of them were inherited
from the preceding basin and the other two were newly
appeared species: P praecoloratus, which possibly
descended from P. sokolovi; and P vulgaris, which is of
uncertain origin.

In the subsequent Kujalnician basin, the number of
Pseudocartillus species increased up to ten, of which
only four species were inherited from the Late Kimme-
rian basin, and the other were recorded there for the
first time. Of these latter, some descended from the Late
Kimmerian forms (P. postdonacoides probably from
P, lebedinzevi and P, subriegeli from P. sokolovi) and
most of the others are of uncertain origin. £ wasso-

‘evitschi, P tanaicus, P dalii, and also P. vulgaris,.

recorded already from the Late Kimmerian, are possi-
ble descendants of the Dacian species that migrated
into the Euxinian Basin, but this suggestion remains
unproven. The origin of £, hypaniformis is uncertain as
well. At the beginning of the Quaternary, Pseudocatil-
Ius became rare: two species are known in the Gurian
Basin, and one or twoe are known in the Chaudian
Basin. The Gurian species F. kitovaniae and P. prachelle-
sponticus probably des-cended from P, sokolovi or £, sub-
riegeli and from P pleonexia, respectively. The origin
of the Chaudian species P. cazecae is uncertain, as well
as that of P(?) subcoloratus. It is quite possible that the
last species descended from P. praecoloratus or from an
as yet unknown similar species from the Kujalnician—
Gurian deposits. In this case, the species Pf?} subcolor-
atus, which was found in abundance in freshened parts
of the Chaudian Basin and recorded as a rare specics
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already in the Paleceuxinian Basin, was the latest spe-
cies of the genus Pseudocatillus (Figs. 5, 6).

The genus Charroconcha was represented in the |
Pliocene of the Dacian—-Euxinian Basin by a few spe-
cies. From the Early Pliocene of the Dacian Basin, one
Early Dacian and one Late Dacian species were
recorded (Fig. 5). In the Kimmerian basin, throughout
its lifetime, the species Ch. bayerni persisted, and from
the Late Kimmerian of this basin, one more, very rare
endemic species Ch. laevis was recorded. From the
Middle-Late Pliccene (Kujalnician) of the Euxinian
Basin, only one species, Ch. postcimmeria, is known.
This species went extinct and left ne descendants. In
that time, the long-lived species Ch. bayerni (early Late
Pontian—-Kimmerian) was most widespread. The spe-
cies Ch. postcimmeria, endemic to the Kujalnician
Rioni Gulf, was a quite distinctive form there. The
remaining species were local and rare (Figs. 3, 6).

Two more genera originated from Psendocarillus in

the Early Quaternary of the Gurian Basin: Tschaudia =

most probably evolved from Pseudocatillus vulgaris,
and Submonodacna, probably from a species similar to
P, pleonexia (Davidaschvili and Kitovani, 1964). Both
of them were short-lived genera, which after the Late
Chaudian, went extinct to leave no descendants. Tschaun-
dia were abundant and widespread forms in Gurian and
Chaudian mollusc communities (7. digressa in the
Gurian and T wschaudae in the Chaudian), and the
genus Submonodacna was represented by a single,
rather rare species.

The members of the tribe Arcicardiini, the genus
Arcicardium and provisionally assigned genus Plagio-
dacna, were characteristic of the Early Pliocene of the
Dacian-Fuxinian Basin. The first genus intensively
speciated in the Late Kimmerian Euxinian and per-
sisted there until the mid-Kujalnician, but it was absent
from the Dacian Basin in the Pliocene. Plagioducna
was widespread in both basins, especially in the Early
Pliocene; in the Euxinian Basin, species of this genus
persisted until the Early Kujalnician (Taktakischvili,

1970a; Akbvlediani, 1966, 1984) (Fig. 4). et

£
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The tribe Prosodacnini comprised in the Pliocene :

ten genera, of which the most diverse and widespread
genus was Prosodacna. This genus included P. semisul-
cata, P. macrodon, and P. duabica, which passed from
the Pontian to the Kimmerian basin. The first two spe-
cies were abundant and widespread. Locally distributed
P longiuscula migrated from the Dacian Basin;
P, inflatissima, which probably descended from the
previous species, was rare, F. callopistes, endemic to
the Rioni Basin (Duabian Beds), most probably origi-
nated from P. longiuscula. In the Kujalnician basin
{Middle-Late Pliocene), four species were recorded, of
which only P misera was quite common, whereas
F. semisulcata, F. macrodon, and P. duabica were rare
and locally distributed. The species £ misera, specific
to the Kujalnician, probably originated from £ semisit-
cata and was, as well as F. calopistes, F. duabica, and
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P, influtissima, endemic to the Euxinian Basin. A half
of the Prosodacna species of the Euxinian—Caspian
Basin (four of eight) also occurred in the Dacian Basin
{Andreescu, 1977, Papaianopol, 1977), but went extinct
by the end of the Early Pliocene (Figs. 7, 8).

The genus Zamphiridacna passed into the Early
Pliocene Dacian-Euxinian Basin from the preceding

~ Pontian Basin and persisted until the end of the Early

Pliocene in the Dacian Basin (Papaianopol, 1976;
Andreescu, 1977) and for a rather short interval (Early-
early Late Kimmerian), in the Euxinian Basin. Rare
finds were reported from the Babadzhan beds of Azer-
baijan (Nevesskaja er al., 1986),

The genus Psilodon, showing a similar distribution,
originated in the Dacian Basin in the Late Pontian, was
widespread there throughout the Dacian (Motag et al.,
1973), migrated to the Euxinian Basin in the early Latc
Kimmerian, and existed there until the mid-Kujalnician
(early Middle Pliocene). These two genera were repre-
sented by a few species each (Figs. 7, 8).

The members of the two-species genus Metadacna,
endernic to the Fuxinian—Caspian Basin, were recorded
in the earliest Kimmerian of western Georgia (Ebersin,
1959} and in the Babadzhan beds of Azerbaijan.

The monotypic genera Styledacna and Horiodacra
were mainly limited to the Dacian Basin. Although
Horiodacna, which originated in the earliest Pliocene
(apparently from Prosodacna), penetrated into the
Euxinian Basin during the Late Kimmerian, this genus
was restricted to the northwestern part of the basin (the
Sea of Azov region; Ebersin and Semenenko, 1966b).

The endemic genus of this tribe, Prionopleura, pre-
sumably originated in the Euxinain Basin from the
genus Psilodon, several members of which migrated
{as mentioned above) to the Euxinian Basin in the Kim-
merian. The genus Prionopleura was comprised of
three or four rare species.

As already mentioned, the species from the Upper

_ Pontian and Kimmerian deposirs of the Dacian Basin

that were assigned to the genus Prosodacnomya possi-

.. bly do not belong to it and merit separatinn into.anothar
T genus. - : '

The tribe Prosodacnini ended its existence in the
Late Kujalnician {(Akchagilian) to leave no descendants
(Fig. 8).

The tribe Pachydacnini, represented by a single
genus with two subgenera, was characteristic of the
Dacian and Euxinian Early Pliocene Basins and of the
Middle—Late Pliocene Euxinian basins (Fig. 4).

The species of the subgenus Parapachydacna
occurred in the Dacian Basin during the Early Pliocene
and Early-early Late Dacian, whereas in the Euxinian
Basin, their finds (two species) are known only from
the Kujalnician (Middle-Late Pliocene); i.e., their
migration to the Euxinian Basin probably tock place at
the end of the Early Pliocene and left no evidence in the
record. - : : :
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The subgenus Pachydacna descended from Para.
pachydacna in the earliest Pliocene of the Dacian
Basin, migrated during that interval to the Euxinian
Basin 10 become widespread there during the entire
Middle~Late Pliocene whereas in the Dacian Basin
(Papaianopol and Motas, 1978), it went extinct by the
mid-Dacian (Fig. 4). Quite widespread and abundant in
the Kiminerian basin wete the species P. (P) azovica
(in the Early Kimmerian) and P, (P.) cimmerica (in the
Late Kimmerian). The species P. (F.) duabica occurred
in abundance in the Duabian facies developed in the
Rioni Gulf, The remaining five species of the nominal
subgenus found in the Kimmerian were rare and usu-
ally locally distributed. Only one species, £, (£ } suchu-
mica, passed to the Kuwjalnician basin, where it was
locally distributed. Of the other two Kujalnician spe-
cies, £ (P) kujalnicensis was quite abundant, but
restricted to regions in southern Ukraine, and P (P ) post-
duabica was represented by a few spemmens from the
Rioni Gulf region. : i’

In the Caspian Basin, the latest species of the tnbes
Pontalmyrini, Prosodacmm and Lymnocardiini persis-
tent through the Late Miocene and possibly the earliest
Pliocene to go extinct because of the freshening of the
basin, where lymnocardlmes reappeared only in the o
Akchagilian. ' '

The fifth stage of lymnocardnne dwersrﬁcatlon
which began in the Late Miocene (early Late Pontian),

ended in the earliest Quatemary when the latest mem- |

ber of the tribe Pontalmyrini became extinct.

The subsequent history of lymnocardiines is associ-
ated with the Caspian rather than the Euxinian Basin.
After the Balakhanian interval (when lymnocardiines
were completely absent there), the Akchagilian semi-
marine basin appeared to receive one species of the
genus Cerastoderma (C. dombra) that migrated to this

basin (probably from the Mediterranean region} with .
the Early Akchagilian transgression and gave rise to

numerous species, some of which differ from the

ancestral forms to an extent that they deserve to be

regonized as separate genera.

Akchagilian cardiids were prevnously asslgned to N

the genera Cardium (s. 1.} and Avicardium (Kolesnikov,
1950). Within the latter genus established by Kolesni-
kov and characterized by the peculiar shell shape,
straightened hinge margin, posterior alation, and very
weak hinge (Ebersin and Chel'tsov, 1966), several spe- -

cies groups were distinguished (Uspenskaya, 1931;-
Kolesnikov, 1930; Alizade, 1954). When revising brack-
ish-water cardiids, Ebersin {1965a) properly noted that
the group ancestral to the Akchagilian cardiids included
several (or one) species of the genus Cerastoderma that
migrated to this basin from some sea basin. Popov
(1977) studied the shell microstructure in many species
of Akchagilian cardiids and confirmed their assignment

to Cerastoderma; in addition (accepting the descent of - -

Avicardium from Cerastoderma), he established a sep~ o
arate tribe for this genus, Avicardiini. R
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The revision of Akchagilian lymnocardiines demon-
strated that in addition to the considerable similarity
between them and the Sarmatian lymnocardiines, they
were even more diverse in shell shape (some species
resemble mytilids and pholadids); in the presence of a
shell gape in some species; and in the structure of the
hinge, which was more complete (posteriolateral tooth
present in the left valve) in some species or markedly
weakened (up to the total absence of teeth) in others.
Akchagilian lymnocardiines are classified into six gen-
era (Paramonova, 1994) belonging to three tribes:
Cerastodermatini with genera Cerastoderma (eight
species) and Raricardium (four species), Acobaecardi-
ini with genus Acobaecardium (two species), and
Avicardiini with the genera Avicarduim (ten species),

Miricardium (six spec1es) and Andrusov:cam’mm (six

species).

The species Cerastoderma dombra, which cxtended
its range in the Early Akchagilian, probably migrated
from the eastern Mediterranean region, where it appar-
ently originated from some species of the Cerasto-
derma glaucum group. In the mid-Akchagilian, it gave
rise to a considerable number of new species, more or
less differing in the shell form, the shape and develop-
ment of ribs, carination, and the presence or absence of
a posterior gape. The species of Cerasioderma could be
divided into several groups, some of which are similar
in appearance to the species groups placed into the Sar-
matian genus Obsoletiformes, but differ from them in
having 2 more developed hinge (usually, in the pres-
ence of the posteriolateral tooth in the left valve) and
ribs with fine longitudinal grooves. In the mid-Akcha-
gilian, the genus Cerastoderma gave rise to five
endemic genera. Of these genera, only Raricardium,
which resembles the Sarmatian genus Plicatifermes in
shell shape and ribbing pattern, possessed a mostly
fully developed hinge. In the other genera, either the
teeth were completely lacking or the hinge was mark-
edly weakened (sometimes only rudiments of the cardi-
nal or lateral teeth were present). Nearly toothless spe-

eies of e genus Acobaecardium (tribe Acobaecardi-

ini) were cerastoderm-shaped, whereas the genera of
the tribe Avicardiini were characterized by a straight-
ened hinge margin, a shell elongated towards the pos-
teroventral angle, and an alate posterior area. Some
genera of the tribe differed in the carination, shell con-
vexity, and beak development. Thus, the species of the
genus Miricardinum possessed a convex, carinate, trian-
gular-trapezoidal shell; those of the genus Andrusov-
icardium had a flattened, sharply carinate, elongate tri-
angular shell; and those of the genus Avicardium were
characterized by a moderately to weakly convex,
bluntly carinate, and aviculoid (sometimes orbicular)
shell. Some species of the genus Avicardium were sim-
ilar in appearance to those of the Sarmatian genera
Aviculocardium and Kubanocardium (tribe Aviculo-
cardiini), differing in having a much more reduced
hinge (mainly in the lack of cardinal teeth).
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In the mid-Akchagilian, the average size of lymno-
cardiines increased, especially, in avicardiines. In many
phyletic lineages, the ribs became smoother.

In the earliest Akchagilian, only the species Ceras-
toderma dombra occurred in abundance throughout the
basin. In the mid-Akchagilian, it remained widespread,
although in the areas with well-developed muddy bot-
tom sediments, it was replaced by avicardiines. These
were broadly (but usually locally) distributed in the
southern part of the basin (Azerbaijanian-Turkme-
man):  Andrusovicardium  radiiferim, Miricardium
dahestanicum, Avicardium kamischense, A. nikitini,
etc. Local distribution was also characteristic of Ceras-
toderma konschini, C. siphonophorum, Raricardium
konjuschevskii, Acobaecardium acobae, etc. Most spe-
cles were rare, e.g., Cerastoderma altum, C. sanani,
Andrusovicardium tshandyricum, etc,

Thus, a single Early Akchagilian species, Cerasto-
derma dombra, gave rise in the Middle Akchagilian to
36 new lymnocardiine species, 5 genera, and 2 tribes.
As a consequence, in the first half of the Akchagilian,
the sixth stage of lymnocardune diversification took
place (Fig. 9).

In the Late Akchagilian, the species Cerastoderma
dombra (usually represented by the individuals of
small size) spread again over the whole basin. Few
other species tha¢ passed to the Late Akchagilian basin
became rare and seem to be stunted, apparently due to
reduced salinity. By the end of the Akchagilian, Ceras-
todermatini went extinct.

The beginning of the Apsheronian time (Eopleis-
tocene} was accompanied by the significant freshening
of the basin, where rare lymnocardiines were repre-
sented by small forms with thin-walled shells. The ori-
gin of diverse and numerous lymnocardiines of the Late
Apsheronian (including “the Middle Apsheronian™ of
some authors) cannot be determined directly from the
avatlable material. From the mid-Apsheronian, the last
(seventh) explosive diversification began, when the
members of the youngest lymnocardiine tribe, Adac-
nini, appeared and became widespread. This tribs orig-
inated either from Akchagilian Cerastoderma or frorn '
the other Akchagilan genera that evolved from Ceras-
toderma (Avicardiium and Acobaecardium). The tribe
comprises ten genera (Fig. 9), four of which survived
into the Present in the Caspian Sea (Didacna, Mono-
dacna, Adacna, and Hypanis); in addition, Hyparnis
and Monodacna live in the estuaries and deltas of the
Black Sea and the Sea of Azov, and Adacna live in the
Aral Sea. :

In the Early Apsheronian basin, the members of six
genera already appeared: Apscheronia most probably
descended from Cerastoderma of the konschini group,
which is marked by poorly developed ribs, rather than
from Cerastoderma sanani as suggested by Ali-Zade
(1973}, Monodacna apparently originated from Ceras-
toderma konschini (Cardium balchanicim after Ali-
Zade, 1967, 1973); Parapscheronia was either derived
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Fig. 9. Phylogeny and distribution of the genera of the tribe Adacnini.

from Acobaeéardfum acabae. {(=Cerastoderma torong-
fynicum after Ali-Zade, 1967, 1973) or palyphyletic (see

- below); Hyrcania probably descended fram an ancestor

common to Monodacna and Didacnoides, becalise
Hyrcanic and Didacnoides are quite similar. Astafieva
(1955a) even regarded them as subgenera of the same
genus. The origin of Hyrcania from Raricardium konjus-
chevskii, suggested by Ali-Zade (1967), is less probable.

Two more genera appearing in the Early Apshero-
nian were possibly related to Avicardium rather than to
Cerastoderma. These are Hypanis, which possibly
descended from a species similar to Avicardium kazan-
bulangense (Ali-Zade, 1973), and Plagiodacnopsis,
presurnably related to the Akchagilian species Avicar-
dium subleve (=Cardiuwm rantali after Ali-Zade, 1967).
All the genera mentioned, except for Monodacna and
Hypanis, were endemic to the Caspian Basin and spe-
cific to the Apsheronian interval (they became extinct
by the Late Apsheronian). :

The genus Apscheronia was monotypic with a sin-
gle species abundant and widespread in the early Late
Apsherontan and persisting throughout the Apshero-

nlan' . . . -
The genus Monodacna was quite diverse and com-
prised up to 15 species. In the Early Apsheronian, four
species existed. In the early Late Apsheronian, ten new
species appeared, most of which descended from
M. sjoegreni (M. beibatica, M. porsugelica, M. nitida,
M. kabristanica, M. azerbadjanica, and possibly
M. praelaeviuscula). M. dubia and M. incipiens most
probably originated from M. laevigara. The last species
apparently gave rise to M. monopteris, and the ongin of
M. goesdekiana remains uncertain. Three species were
inherited from the Early Apsheronian basin; 13 species
thus existed in the early Late Apsheronian. Only two of
themn survived into the latest Apsheronian, and a newly
appeared species, M.(?} alizadei, was provisionally
assigned to the genus. Among monodacnas, only the
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species M. sjoegreni was abundant and widespread in
the Late Apsheronian and M. porsugelica was locally
abundant {early Late Apsheronian, Cheleken region).
All of the Apsheronian Monodacna species, except for
M. sjoegreni, went extinct by the end of the Apshero-
nian to leave no descendants. M. sjoegreni gave rise to
the species M. caspia, which became widespread in the
Quaternary in the Caspian and Black seas and lives now
in the estuaries and deltas of the Black Sea and the Sea
of Azov, as well as in the Caspian Sea. At present, one
more species, M. colorata, which probably descended
from M. caspia, inhabits the estuaries of the Black Sea
{(Nevesskaja, 1965).

The genus Hyrcania was represented in the Early
Apsheronian by a single species, H. intermedia. In the
early Late Apsheronian, this species gave rise to the
species H. rurkmena; H. kolesnikovi; H. major; and,
probably, H. leerentheyi. These the ancestral species,
H. intermedia, also persisted. In the latest Apsheronian,
only two species persisted, f. intermedia and H. [oer-
entheyi. The species H. intermedia was abundant and
widespread (in the Late Apsheronian), and A. kolesnik-
ovi, H. major, and H, turkmena were locally distributed
{early Late Apsheronian, Cheleken region).

The genus Parapscheronia comprised only four
species, two of which were recorded in the Early Apsh-
eronian: F. raricostata and F. volarovici. These species
presumably originated from difterent species: £ rari-
costata from Acobaecardium acobae (=Cerastoderma
toronglynicum after Ali-Zade, 1967, 1973), and F. vol-
arovict from Avicardium subleve Tschel. (=Cardium
veneratum Ali-Zade). In the early Late Apsheronian,
these species persisted and gave rise to two other spe-
cies: P enrydesma (from P raricostata) and P calve-
scens {from P volarovici). All species of the genus
were rare and became extinct by the middle Late Apsh-
eronian.

The genera Hypanis and Plagiodacnopsis were rep-

resented in the Apsheronian by two rare species. Pla-
giodacnopsis carinifera existed in the Early Apshero-

~—. . -Nian to give rise in the early Late Apsheronian to
" P isseli. The species of Hypanis appeared in the early

Late Apsheronian. The species of Plagiodacnopsis
along with Hypanis andrussovi became extinct in the
Late Apsheronian, and H, plicatus, which survived into
the Quaternary Caspian, repeatedly migrated to col-
onize the Black Sea Basin in the periods of its fresh-
ening.

Two more endemic Apsheronian genera, Didac-
noides and Caspicardium, are known only since the
early Late Apsheronian, but they both most probably
directly descended from the Akchagilian species and
merely remain to be found yet in the Early Apshero-
nian. The genus Didacnoides probably originated from
an ancestral species common o Monodacna, Cerasto-
derma konchini (=Cardium balchanicum after Ali-Zade,
1967y, The monotypic genus Caspicardinm possibly
descended from Acobaecardium conspectum (=Cardium
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verneraturn after Ali-Zade, 1967} and had a restricted
range, being known only from the early Late Apshero-
nian.

Similar to other genera, the genus Didacnoides was
best represented in the early Late Apsheronian (five
species). It is quite possible that species of this genus
originated synchronously in different regions from dif-
ferent populations of the same species: D. caucasica
and D, bakuana in the western Caspian (Azerbaijan),
whereas D. didacnoides ancestral to D. deltocurta and
D. transcaspica in the eastern regions (Cheleken). All
five species occurred in abundance in respective
regions: D. didacnaides, D. deltocurta, D. transcaspica
along the eastem coast of the Caspian (Cheleken),
D. bakuana and D. caucasica along the western coast
(Azerbaijan). Didacnoides survived until the end of the
Apsheronian.

In the Late Apsheronian, D. didacnoides apparently
gave rise to the genus Didacna. Subsequently, its mem-
bers became widespread in both the Caspian and Black
Sea basins-and still persist in the Caspian Sea. The ori-
gin of Didacna from Apsheronian “Didachomya” and
“Pseudocatillus” was suggested in the last papers of
Fedorov (i979). However, this opinion was not sup-
porléed by some other authors {see Nevesskaja er al.,
1986}.

It should be stressed that in the Black Sea Didacna
appeared earlier than in the Caspian Basin, i.e., in the
Chaudian (Late Apsheronian). Most probably, the
members of Didacrnoides (some of them were hardly
distinguishable from the true Didacna) migrated to the
Black Sea Basin to evolve there further under new envi-
ronmental conditions: the lateral teeth were lost in adult
but retained in juvenile forms and the ribs became even’

‘more flat to merge with the interspaces and differ from

them only in color. Later (in the Bakuan), Didacna
{D. crassa} migrated to the Caspian Basin already as a
fully formed genus to dominate the mollusc assem-
blages. Only in the Holocene, when Cerastodermo
glaucum (="Cardum edule”) penetrated into the Cas-

pian, the members of Didacna were partly ousted by L

this extr emely eurytopic species.

The youngest genus of the tribe, Adacna, probably
descended from Monoedacna and possibly even from
the different species. Adacna vitrea descended from
Monodacna laevigata, and A. laeviuscula descended
from M. praeleviuscula. The transition from Mono-
dacna to Adacna was marked by the development of a
deep sinus, a diagnostic feature of the genus Adacna.
Both of the Adacna species are known since the earliest
Pleistocene and still persist in the modern Caspian Sea.
A. vitrea penetrated into the Black Sea Basin during the
period of its freshening, and now, besides the Caspian
it lives {(or lived?) in the Aral Sea.

There were also different opinions about the Apsh-
eronian genera cinstituting the tribe Adacnini. Thus,
Andrussov (1923) considered some of these genera to
be of Euxinian origin, closely related to the Pontian—
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Kujalnician forms (Monodacna, “Didacromya™ = Didac-
noides, etc.), and the remaining genera to be of uncer-
tain origin (Apscheronia, Parapscheronia). Alizade
(1943), Kolesnikov {1950), and Georgii Popov (1970)
suggested that some Apsheronian molluscs could be of
Euxinian origin and the others were descended from
the Akchagitian forms.

Astafieva (1960) and Ali-Zade (1961, 1967, 1973)
strongly argued that all of the Apsheronian molluscs
originated from the Akchagilian species, the opinion
first suggested by Davidaschvili (1933). This opinion
was supported in the monograph on the Apsheronian of
Turkmenia (Gennadii Popov, 1961). The hypothesis
that the Apsheronian lymnocardiines originated from
Akchagilian Cerastoderma was confirmed by S. Popov
{1973, 1977) in the study of the shell microstructure in
the Akchagilian, Apsheronian, and Pontian—-Kujalni-
cian Lymnocardiinae. He demonstrated that the species
of Apsheronian genera were much closer in shell struc-
ture to the Akchagilian Cerastoderma than to the
Pliocene lymnocardiines of the Euxinian Basin.

At present, the view that all of the Apsheronian lym-
nocardiines originated from the Akchagilian members
of Cerastoderma and possibly from those of other gen-
era (Avicardium and Acobaecardium) is well founded.

In the post-Apsheronian (Pleistocene to Present)
Caspian Basin, oaly a few members of the tribe Adac-
nini (Didacna, Adacna, Monodacna, and Hypanis) per-
sisted, and a member of the tribe Cerastodermatini,
Cerastoderma glaucum (=" Cardium edule”), appeared
in the Late Holocene to penetrate also into the Aral Sea,

“where the genus Adacna occurred as well.

In the Pleistocene Azovian—-Black Sea Basin, the
members of Adacnini (Didacna, Monodacna, Adacne,
and Hypanis) dominated lymnocardiines during the
periods of freshening (Paleoeuxinian and Neoeuxinian
times), whereas in the periods when this basin was con-
nected with the Mediterranean Sea, lymnocardiines
were dominated by a member of the tribe Cerastoder-

matini, Cerastoderma glaucum. At present, Adacnini -
(Monodacna) are restricted to the freshened estuaries,

whereas C. glaucum dominates the benthic ecosystems
of the Black Sea estuaries (except for those much to
freshened) and the northwestern part of this sea, as well
as the shallow waters of the Sea of Azov; this species
also occurs as a rare form in open shallow waters of the
Black Sea (Fig. 9).

Thus, the history of the subfarmly Lymnocardiinae
indicates that its members were the most successful
group of molluscs in semimarine, i.e., only episodically
connected with the open sea and brackish-water basins
(Solenovian, Kozahurian, Sarmatian, Pontian and sev-
eral Pliocene basins of the Eastern Paratethys), but they
underwent mass extinctions because of environmental
changes, especially, in salinity.

Of all the numerous lymnocardiine tribes, orﬂy tWo, .

Cerastodermatini (genus Cerastoderma) and Adacnini
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(genera Didacna, Adacna, Monodacna, and Hypanis),
persisted to the present.

ECOLOGY OF LYMNOCARDIINAE

The most eurytopic of all the cardiids, representa-
tives of this subfamily occupied vardous ecological
niches and, thus, acquired diverse adaptations, affect-
ing their shell morphology.

The ancestral tribe Cerastodermatini dominated in
the semimarine basins (Late Konkian, Sarmatian, Early
Maeotian, and Akchagilian) and in the earlier brackish-
water basins {(Solenovian and Kozahurian).

Most of Sarmatian and Akchagilian lymnocardimes
belonged, like nearly all members of the marine cardiid
subfamilies, to infaunal suspension feeders with well-
developed siphons (Cerastoderma, Plicatiformes, Obso-
letiformes, and Raricardium). However, some species
and genera modified their ecology and partly adopted
the epifaunal mode of life. Among Sarmatian lymno-
cardiines, very few species of the genera Aviculocar-
dium and Kubanocardium were apparently capable
(like living Parvicardium) of fixing itself by the byssus
to the algae or branched bryozoan colonies. This life
habit was especially common in areas where bicherms
developed (Bagdasarian, 1978). At the same time,
when these species lived on sandy-muddy or muddy
bottom sediments outside bioherms, they obviously
retained the ability to burrow into the sediment. It is
guite possible that some thin-walled lnaequicostates
species with ribs provided with long, slender, tubular,
clawlike spines (e.g.. . subfirton, 1. pius, and 1. inopi-
natus) were able to live on the surface of muddy sedi-
ments. o
Some species of the genus Planacardium could
probably burrow deeper than the other Sarmatian lym-
nocardiines, whereas some other could possibly fix
itself by the byssus to bryozoan colonies (Bagdasarian,
1978).

The genera of the other tribes were even more eco-
logically diverse. Many of them retained the same life
mode and feeding type as the members of the ances-
tral tribe Cerastodermatini; i.e., they were infaunal
suspension feeders with well developed siphons. These
are Lymnocardum, Pontalmyra, Pseudocatillus, Mac-
radacna, Tschaudia, Monodacna, Hyrcania, Didac-
noides, Adacna, etc. Some infaunal forms burowed
less deep than Cerastodermatint (Paradacna, Apscher-
onia, some Pontalmyra, etc.), and others, on the con-
trary, burrowed much deeper {Hypanis, Adacna, Proso-
dacnomya, and some Psendocatillus); these different
life habits differently changed the shape and structure
of the mollusc body.

Some other genera and species, chiefly suspension
feeders, changed their ecology 1o vccupy some niches
equivalent to those held in marine basins by members
of other families. Thus, several lymnocardiines came to
live on the bottom (i.e., became epifaunal); some of
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them apparently rested upon either of two valves (Phyl-
locardium, Parvidacna, and Oraphocardium), and oth-
ers (recliners) leaned the anterior part of their valves on
the substrate at an angle (most of Prosodacna species
and also Arcicardium, Plagiodacna, and Pachydacna).

In the opinion of Akhviediani (1984}, the represen-
tatives of the genus Prosochiasta possessed a powerful
foot and were capable of active and rapid movement
over hard substrate (coarse-grained sands and gravel).

The substrates and depths occupied by lymnocardi-
ines varied with their modes of life. The shallow-water
forms that lived on shelly-detritus, sandy, muddy-
shelly, and muddy-sandy bottom sediments were repre-
sented by Cerastoderma, nearly all Plicatiformes,
many of Obseletiformes, and also Phyllocardium, Cal-
adacna, Oraphocardium, Stenodacna, Tschaudia,
Eupatoring, Prosodacna, Plagiodacna, Pachydacna,
Raricardium, Monodacna, Hyrcania, Didacnoides,
Didacna, most of Lymnocardivm and Pontalmyra, etce.
Confined to shallow but calm waters were FPlanacar-
dium, Pteradacna, Panticapaea, Macradacna, Priono-
Plewra, Arcicardium, Acobaeccardium, and some Plicat-
iformes and Obsoletiformes. Inaequicostates, Pora-
dacna, Chartoconcha, Avicardiini, some Lymnocardium,
Pontamyra, and Pseudocatillus lived at considerable
depths on muddy bottom sediments. Aviculocardium
and Kubanocardium were chiefly confined to bio-
herms, which, in addition, were inhabited by many
Obsoletiformes and some Planacardium species.

Lymnocardiines lived mainly in low-salinity waters.
Only the genus Cerastoderma was able (o survive in
waters with salinity ranging from 5 to 70%.. The other
genera were much less euryhaline. Sarmatian and
Akchagilian lymnocardiines probably lived in water
with a salinity of 10-18% and an ionic composition
characteristic of seawater, whereas the Xozahurian and
Pliocene (except for Akchagilian) genera were brack-
ish-water, stenohaline forms living in low-salinity
water the salt composition of which probably differed

- from normal seawater. Some members of the subfamily
- were able to live in nearly fresh water along with the

euryhaline freshwater forms: Macradacna, Eupaioring,
FProsodacna, Prionopleura, Pachvdacne, Apscheronia,
Hypanis, Adacra, some Lymnocardinm, Pontalmyra,
and Psendocariiius.

Most lymnocardiines apparently lived, like the
modern species, under the normal oxygen regime. Only
the members of Paradacna, Avicardiini, and possibly
Chartoconcha and some Inaequicostates, Obsoletiformes,
and Pseudocariflus could tolerate a degree of oxygen
deficit. It {s difficuit to judge the thermal preferences of
lymnocardiines; most of them were probably euryther-
mal, and only some of the specific Kinunetian genera
(Panticapaea, Oxydacna, Macradacna, Prionopleura,
Arcicardium, and Pachydacna) and some Kimmerian
species of the other genera might be thermophilic. The
Akchagilian genera (except for Cerastoderma), which
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inhabited only the southern part of the, apparently were
to a certain degree thermophilic.

In the brackish-water and semimarine basins ep1—
sodically connected to the apen sea, lymnocardiines
formed the main nucleus of benthic ecosystems con-
fined to the zone of mobile suspension feeders, which
in these basins ofien included the zone of somng
deposit fceders

MAIN FEATURES
‘OF LYMNOCARDIINAE EVOLUTION

Members of the subfamily Lymnocardiinae were
the most flourishing group of Paratethyan bivalves dur-
ing the periods of existence of semimarine (Sarmatian
and: Akchagilian) and brackish-water (Early Solen-
ovian and Late Ottnangian-Kozahurian) basins that
were episodically connected with the ocean and of
nearly closed basins (Pannonian, Pontian~Kujalnician,
and several Pleistocene ones). The character and rates
of iymnocardiine evolution in the basins of the first two
and of the third type differed essentiaily, and eventu-
ally, when the water salinity in these basins became
either too high or too low, their lymnocardiine faunas
went extinct.

The genus Cerastoderma or its direct descendants
gave rise to numerous lymnocardiine genera (less
often, similar forms evolved from Parvicardium ances-
tors). These new forms originated within several inde-
pendent periods. There were at least seven such diver-
sification events during the Oligocene--Pleistocene.

The fact that evolutionary raies considerabiy
increased under conditions of periodic closure of the
basins and rapid changes in their hydrological regime,
which caused partial or complete elimination of the
former malacofauna, was noted by many authors,
including (in chronological order) N.I. Andrussov,
V.P Kolesnikov, L.Sh. Davitashvili, R.L. Merklin, and
others (for references, see Nevesskaja et al, 1986;
Goncharova, 1989, Paramonova, 1994).

higher levels was caused first of all by the disturbance
of biocenotic relationships and subsequent forced reor-
ganization of benthic -ecosystems. Extinction of the
majority of stenotopic species resulted in elimination of
several ecological types characteristic of the normal

marine basins (borers, free-living epifaunal forms, -
infaunal deposit feeders, etc.) and in modification of the
trophic zonality typical of marine basins (Nevesskaja
et al., 1986). As a result, few progressive eurytopic
forms (Merklin, 1966), which survived these sudden
environmental changes, underwent rapid diversifica- -
tion, trying to occupy the ecological niches left vacant.
The members of the genus Cerastoderma, ancestral to

other lymnocardiines, were (like Parvicardium) shal-

low-burrowing and capable of moving along the bot-
tom and provided with short siphons; well-developed
hinges; and three-layered shells ornamented by closely- .-
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spaced, rounded, or flattened radial ribs with tubercular
omamentation or scales. The periods of explosive
endemic evolution give rise to genera that markedly
deviated from the ancestral forms. Most of these genera
were endemic and often specific (occurring only in a
certain time interval). Lymnocardiines appearing in dif-
ferent time intervals are readily divided into parallel
ecological groups that evolved through an adaptation to
similar niches left vacant.

Most lymnocardiines (similar to nearly all marine
cardiids) were shallow-burrowing infaunal suspension

feeders (Cerastoderma, Plicatiformes, Obsoletiformes, .

Raricardium, etc.). In addition to them, different lym-
nocardiine lineages gave rise to both epifaunal forms
and infaunal suspension feeders. Appearance of such
adaptations (not characteristic of the other members of
this family) in the closed basins was termed by Kafanov
(1991) as “specialization beyond the limit.”

The epifaunal suspension feeders included lymno-
cardlines lying on the substrate with a beak (markedly

- displaced anteriorly) directed downwards, having a

thickened shell in the anterior part, and the anterior lat-
eral teeth hypertrophied or a poorly developed hinge:
Eoprosodacna (Late Ottnangian—Kozahurian), Eupato-
rina (Early Pontian), Prosodacna and Prionopleura
(Late Pontian—Kimnerian}, Apscheronia (Apsheronian),
etc. Alate forms with thin-walled shells probably
floated on liquid muddy sediment, possibly at quite great

~ depths: Andrusovicardium and Avicardium { Akchagilian).

Some suspension feeding species possibly used the
method of deposit feeding as well after stirring the
silt up with their siphons, like modern Didacna
(Romanova, 1963). : B

The appearance of forms with flattened and oblong
shells being a weakly projecting beak, weakened ribs,
and reduced hinges (Limnopappia in the Late Ottnan-
gian, Planacardium in the Sarmatian, and Phyllocar-
dium in the Late Pontian~-Kujalnician) and forms with
a deep pallial sinus (Adacaa and Hypanis in the Pleis-
tocene and now) 1nd1cates the: deep- burrowmg mnfaunal

- life 1node.

Phylogenetically diverse species with similar life
habits evolved similar morphologies in different basins.
Thus, eight pairs of homeomorphic forms are evident
among Sarmatian and Akchagilian lymnocardiines

- (Paramonova, 1994). However, many examples of such

heterochronous homeomorphy in unrelated taxa cannot
be explained by their ecological peculiarities alone,
thus demonstrating the morphological limits of evolu-
tion. It was noted that the transformation of the hinge,
omamentation (Nevesskaja, 1967), microstructure of
the outer shell layer, and inner structure of ribs (Popov,
1977} evolved in the lymnocardiine lineages in the
opposite direction of the ontogenetic development of
these characters in both cerastoderms and parvicardi-
ums: adult forms retain the characters observed only at
the early ontogenetic stages in their ancestors.

kS

Such fetalization phenomena were noted in the
development of omamentation in Sarmatian Plicati-
Sformes (Nevesskaja, 1950, 1967); microstructure of the
outer sheli layer and inner structure of ribs in several
Solenovian, Kozahurian-Ottnangian, Akchagilian spe-
cies of Cerastoderma (Popov, 1977); and the ontoge-
netic transformation of the hinge in the Pontian Ora-
phocardium (Ebersin, 1962) and the SpE:CleS of Cem.s-
toderma and Parvicardium.

In the detailed study of shell ontogeny in Cerasto-
derma spp. by Popov, it was shown that in water of nor-
mal salinity, the shell in this genus is three-layered and
has a fully developed hinge. In ontogeny, the posterior
cardinal tooth and posterolateral teeth of the left valve
and the upper posterolateral tooth of the right valve
appeared later than the others. In the species living in
low-salinity waters, the teeth were reduced; in this case,
teeth equivalent to those that appeared last in the forms
with a fully developed hinge disappeared (i.e., ceased
to develop) first. The outer shell layer in the species that
lived in low-salinity water appeared later than in those
that lived in normal marine environments.

Subsequent transformations resulted in the morpho-
logical separation significant enough to rank these
derived taxa as endemic genera. At this stage, the shell
is usually two-layered, but it still retains the pattern of
composite internal ribs. The intercalary ribs (appearing
0.5-0.6 mm away from the beak of Cerastoderma glau-
cunt) occur only on shells with a size as large as several
millimeters and often remain less developed than the
primary ribs. Remnants of the reduced outer layer often
form a peculiar ormamentation consisting of scales,
which are better developed on the anterior area on the .
carinal rib or the posteriormost rib of the posterior area,
This structure is characteristic of the members of Lim-
nopagetia, Chokrakia brykense, many of Sarmatian
cardiids, and some Lymnocardium and Didacnoides.

At the next stage of the lymnocardiine evolution, the
reduction involved the anterior cardinal tooth in the -
right valve and the anterior lateral tooth in the left -
valve. These teeth appeared in the ontogeny of Ceras-

todermn gloucum when the size of the shell reached =~

0.4-0.8 mm. The intercalary ribs did not develop at all;
the primary ones remained widely spaced and triangu--
lar in cross section or poorly deveioped with a simple
inner structure (growth lines parallel to the outer sur-
face). These characters (or some of them) are found in
Solenovian Merklinicardinm, Kozahurian-Ottnangian
Limnopappia, and Miocene-Pliocene Pseudocatillus,
Pontalmyra, and Oxydacna.

Finally, the most modified lymnocardiines in this
direction {Foprosodacna (Kozahuria), Planacardium,
Aviculocardium, Apsheronia, Adacna, Paradacna, Arci-
cardium, Chartoconcha, Avicardium, Andrusovicar-
dium, and Acobaecardium) are characterized by a com-
pletely reduced hinge (or at most with only poorly-
developed cardinal teeth present) and a smooth shell or
by widely spaced triangular ribs. :
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This type of evolution based on fetalization proba-
bly played an important role in lymnocardiine history.
This evolutionary mode possibly allowed more rapid
motphological despecialization and the development of
innovations beyond the cardiid limit, such as long
siphons (as indicated by the presence of the pallial sinus
and shell gape), alate (pterioid) shell, epifaunal forms
leaning their beaks on the substrate (recliners), etc.

This development was doubtlessly canalized, forced,
and brought about by the environmental changes. This
is evident from the fact that, in similar conditions, the
directions of development were similar in every
instance when marine cerastoderms found themselves
in a brackish-water basin.

In semimarine and brackish-water basins episodi-
cally connected to the open sea, the patterns of lymno-
cardiine evolution and their diversification rates dif-
fered considerably from those in the nearly closed
basins of the Paratethys.

Semimarine and brackish-water basins episodi-
cally connected to the open sea. These basins may
show the earliest stages in the formation of endemic
genera and often also the coexistence of these endemics
with their marine ancestors. Each disturbance of the
normal marine regime that caused the extinction of
stenotopic forms and even of entire ecosystems
resulted in an abrupt increase in the variability and in the
rate of diversification. New taxa sympatrically appeared
through occupation of vacated ecological niches; the
extent of such diversification depended on the duration
and character of basin isolation from the open sea and
on the taxonomic diversity of survivors of the former
marine fauna. Diversification was usually gradual,
often through fetalization. Traasitional, less advanced
forms sometimes persisted, making taxonomic consid-
erations difficult and subdivision of the phyletic lin-
gages into species very subjective. Such evotutionary
patterns are observable in the Oligocene Solenovian
basin, Late Ottnangian (Bavarian material) and Koza-
hurian basins, at the end of the Early Chokrakian, and
in the Early-Middle Sarmatian and in the Akchagilian.

In addition to some common features, these basins
show specificity in lymnocardiine development. Thus,
the early developmental stages of the Kozahurian fauna
remains unknown. [t is possible that this was a fully
formed faunal group when it came from the Ottnangian
basin. The early developmental stages of the Solen-
ovian and Sarmatian fauna probably took place in the
lagoons of the pre-existing Pschekhian and Badenian—
Kaonkian basins.
~ In such basins, the evolution proceeded at a moder-
~ ate rate, the number of supraspecific taxa increased

slowly, and the characters of specialization beyond the
limit were uncommeon,

Brackish-water, nearly closed basins. As a rule,
basins of this type (Pannonian, Pontian-Kujalnician,
and Apscheronian—Pleistocene Caspian Sea) signify a
further stage of basin closure and therefore their fauna
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developed from the fauna endemic to the basins dis-
cussed in the previous section. In the nearly closed
basins, the rate of diversification; number of endemic
species, genera, and tribes; and the importance of car-
diids in the communities increased. So, the Portafer-
rian~Kimmerian basin, the lifespan of which appropriates
that of the Early-Middle Sarmatian basin (2.5-3 Ma),
gave rise to more than 20 genera, whereas the Sarma-
tian basin only gave rise to 5 genera. Ancestral cerasio-
derm forms usually went extinct in these basins.

In addition io the characters formed through fetal-
ization (reduction of the hinge and outer shell layer,
simplification of the rib structure, etc.}, some new fea-
tures not typical of marine cardiids were acquired: the
disproportional development or hypertrophy of some
hinge elements, alate shell, and formation of the pallial
sinus. The gradual formation of these atypical charac-
ters was not really unusual even when associated with
the formation of new genera (Ebersin, 1959, 1962,
1967; Nevesskaja et al., 1987). In this case, the early
stages of evelution of a supraspecific taxon often gave
rise to quite diverse forms, the variability of which
exceeded that of later members of this taxon. Such an
archaic diversity occurred in the Early Pontian
Pseudocatillus, Pontalmyra, Euxinicardium, Apshero-
nian Monodacna, etc. (Nevesskaja et al., 1987).

Less often, new taxa appeared suddenly, and their
ancestry can only tentatively be decided (Prionopleura
in the Kimmerian, Caspicardinm in the Apsheronian,
etc.). In two instances, a cryptogenic phase at the begin-
ning of development of a new lymnocardiine assem-
blage can be identified (Pannonian and Apsheronian
stages): the intermediate beds contain rare, small forms
with thin-walled shells, which cannot be assigned to
any genus without doubt. Subsequently, a burst of
diversification took place, including the appearance of
new genera and subgenera of uncertain origin {their
immigration from another basin was impossible).

ISSUES OF LYMNOCARDIINAE SYSTEMATICS

© " The extensive 1ossil material, often containing com= .~ 0 oL

plete phyletic series, allows one 1o reconstruct the
course of lymnocardiine evolution in much detail, and,
on the other hand, obstructs attempts to fix this
dynamic pattern i a static framework of the system of
this group. As demonstrated above, the subfamily Lym-
nocardiinae (in which we and our predecessors include
the whole diversity of brackish-water cardiids) is nei-
ther mono- nor even paraphyletic: its members origi-
nated repeatedly from different ancestors and in differ-
ent basins. The somewhat artificial assignment of the
genus Cerastoderma to Lymnocardiinae cannot change
the situation, because the features characteristic of the
subfamily could be attributed to Parvicardium ances-
tors. Although the members of Lymnocardiinae could
be, for all practical purposes, rather easily and reliably
distinguished from marine cardiids {and much more eas-
ily from the members of the other bivalve families)

2001



$174 et NEVESSKAJA etal. -~ ) ",

owing to their unique combination of characters, it is
extremely difficult to diagnose this subfamily formaily.
The characters beyond the limit make this diagnosis very
broad.

The same difficulties appear when discriminating
between tribes and genera. Strict adherence to the prin-
ciple of grouping individual lineages into taxa based
solely on a common origin will result in the failure o
determine such taxa and to find differences between
them, in an overy divided, extremely unstable, and
subjective system. Thus, the proposed system of lym-
nocardiines is constructed on the basis of similarity and
differences, bur the phylogenetic data are aiso taken
into account. It is on the basis of phylogeny that the
tribes (Fig. 1) were separated, although due to numer-
ous cases of homeomorphy, it is quite difficuit to trace
individual lineages unless separated by considerable
time intervals.

The first tribe distinct from Cerastodermatini origi-

nated from Cerastoderma in the Solenovian (tribe Mer- -

klinicardiini). In the Ottnangian—Kozahurian, the tribe
Limnopappiini also descended directly from Cerasto-
derma. The third tribe, Plicatiformini, probably
descended in the Karaganian from the genus Cerasto-
derma that inbabited the Middie Miocene seas of the
Paratethys. As mentioned above, the tribe Obsoleti-
formini, which originated in the Konkian, is possibly
polyphyletic. Iu the Sarmatian, this tribe gave rise to the
genera Kubanocardium and Aviculocardinm, which
was separated into the tribe Aviculocardiini. Tribe Pli-
catiformini gave rise in the Sarmatian to the genus
Planacardium, which was separated into the tribe
Planacardiini.

The tribe Lymnocardiini, which appeared in Pan-
nonian-Messinian time, most probably descended
from the Sarmadan Plicatiformini and Obsoletiformind,
although its origin is impossible to trace. Most genera
of this tribe are phylogenetically refated to each other,
but the origin of some of them remains uncesttain; how-
ever, the genera Fuxinicardium and Helenicardium
undoubtedly descended directly from Cerasioderma in

- the nerthern regions of the Messinian Sea, Neverthe-

less, these genera should be included in the same tribe
because of their structural similarity.

The tribes Phyllocardiini, Paradacnini, and possibly
Arcicardiini, as well as Lymnocardiini, probably origi-
nated from different species of the tribe Plicatiformini;
the tribe Prosodacning, from Cerastoderma in the fresh-
ened parts of the Messinian Sea; and the tribe Pachy-
dacnini, from Lymnocardiini.

As for the tribe Pontalmyrini, the region of its origin
1s disputable (see the above discussion about the genus
Pseudocarillus). It is quite possible that this tribe is
polyphyletic, but it should remain undivided, because
its earliest genera, which originated in separate regions,
were 100 morphologically similar.

The wibes Acobaecardiini and Avicardiini origi-
nated in the Akchagilian Caspian Basin from Cerasto-
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derma; the youngest tribe, Adacnini, probably likewise
originated from the Akchagilian Cerastoderma, although
it may turn out to be polyphyletic.

Thus, the morphological and phylogenetic approaches
are combined in the practice of classifying the taxa at
the tribal and (sublgeneric level. Even 50, considerable
difficulties remain in diagnosing the taxa, because dif-
ferent diagnoses often include the same homeomorphi-
cally similar characters appear. Following the principie
of strict monophyly will make it impossible to classify
(i.e., discriminate) individual taxa, since their diag-
noses absolutely coincide in many instances. It is espe-
cially true of synchronously occurring taxa that proba-

-bly descended from the same ancestors but in the separate

basins. On the other hand, very similar heterochronons

taxa, the appearances of which were separated by a -

considerable time interval, are treated as independent
{e.g., tribes Limnopappiini and Prosodacaini).

SYSTEMATIC PALEONTOLOGY
CLASS BIVALVIA '
Order Venerida
Suburder Venerina
Superfamily Cardioidea B
Family Cardiidae Lamarck, 1809 :

Subfamily Lymnocardiinae Stoliczka, 1870-1871

Lymnocardiinae: Stoliczka, 18701871, p. 205; Popow, 1977,
p. 67; Kafanov and Popov, 1977, p. 60.

Lymnocardiidae: Keen, 1969, p. 530.

Limnocardiinae: Ebersin, 1965a, p. 12, 1967, p. 11; Taktakishvili,
1987, p. 11.

Diagnosis. Shell equivalve, of various shape,
radially ribbed, rarely smooth, closed or gaping, with
prosogyrate beak. Ribs smooth, rarely scaly, from
prominent to obsolete. Fully developed hinge with car-
dinal teeth in each valve, duplicate anterior and poster-
olateral in right valve, and single anterior and postertor
in left valve. Usually, some teeth reduced, sometimes
lacking at all; some teeth hypertrophied. Ligament exter-

nai, opisthodetic, on nymph behind beak. Adductor
scars subequal. Pailial line entire or with sinus. inner™

surface usually radially sulcate, rarely smooth. Shell
usually two-layered due to outer layer of compaosite pris-
matic structure reduced, sometimes three-layered.

Composition. Tribes: Acobaecardiini Para-
monova, 1986; Adacnimi Vest, 1873, Arcicardiini :

Nevesskaja, 1986, Avicardiini Popov, 1977; Aviculo-
cardiini Paramonova, tribus nov.; Cerastodermatini

Nordsieck, 1969; Limnopappiini Schlickum, 1962; .
Lymnocardiini Stoliczka, 1870~-1871; Merklinicardiini -
Popov, tribus nov.; Obsoletiformini Paramonova, tribus

nov.; Pachydacnini Andreesen, 1975; Paradacnint Eber-

sin, 1965; Phyllocardiini Nevesskaja, 1986; Planacardi~ - '

tni Paramonova, tribus nov,; Plicatifornmini Paramonova,
tribus nov.; Pontalmyrini Taktakischvili, 1987; Proso-
dacnini Andreescu, [974; and Pseudocarditini Ebersin,
1965.
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Comparison. From the other subfamilies, dif-
fers mainly in the reduction or hypertrophy of some
teeth; usually, in the absence of ornamentation on the
ribs and in the reduction of the outer shell layer; and, in
several cases, in the presence of a more or less devel-
oped pallial sinus.

Occurrence. Oligocene—Recent. Europe, Asia.
Recent representatives, in the Atlantic Ocean and the
North, Baltic, White, Barents, Mediterranean, and
Black seas, the Sea of Azov, Caspian, and Aral seas.

Tribe Cerastodermatini Nordsieck, 1969

Cerastodermatini: Nordsieck, 1969, p. 98; Kafanov and Popov,
1977, p. 60.

Diagnosis. Shell orbicular, ovate, orbicular- or
ovate-triangular, quadrangular, or trapezoidal, more or
less convex, weakly to considerably inequilateral,
closed. Outer surface radially ribbed (rarely anterior
ribs poorly developed), ribs smooth or scaly. Hinge
with two cardinal, one or two anterior and posterolat-
eral teeth in right valve, and one or two cardinal and
single anterior and single posterolateral teeth (the pos-
terior one sometimes absent) in left valve. Pallial line
entire. Shell usually three-layered.

Composition. Cerastoderma Poli, 1795, Korob-
kovielia Merklin, 1974; and Raricardium Paramonova,
1986.

Comparison From all other tribes, differs in
having almost equally developed cardinal and lateral
teeth; from some tribes, in the absence of pallial sinus.

Occurrence. Same as for the subfamily.

Genus Cerastoderma Poli, 1795

Cerastoderma: Poli, 1795, p. 232.

Cardium ( Cerastoderma}. Morch, 1853, p. 34; Korobkov, 1954,
p. 118; Mevesskaja, 1963, p. 59.

Cerastoderma: Cossmann and Peyrot, 1911, p. 476; Keen,
1969, p. 590, Metklin and Nevesskaja; 1974, punchcard 32, Popov,
1977, p. 68 Nevesskaja er af., 1997, p. 141.

Type
Recent, northeastern Atlantic Ocean.

Diagnosis (Fig. 10). Shell orblcular- to ovafe-
triangular, ovate, or ovate-trapezoidal; moderately to
considerably convex; more or less inequilateral; closed;
very rarely gaping; with a more or less projecting beak
and variably developed posterior ridge. Outer surface
radially ribbed (rarely, ribs weakly raised anteriorly).
Ribs rounded convex, rarely angulate in cross section
or flattened, usually scaly, sometimes with closely
spaced longitudinal grooves. Hinge with two cardinal,
two anterior lateral, and one or two posterolateral teeth
in right valve, and one or two cardinal and single ante-
rior and single posterolateral teeth (the posterior one
sometimes absent) in left valve.

Composition . altuum (Tscheltzov, 1965);
C. ammoni (Rzehak); C. andariformicum Popov, 1982,

C. arcelia (Dujardin, 1837); C. azerbajdjanicum (Alizade,
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Fig. 10. Cerastoderma (beginning with this figure, figures
represent, unless specified otherwise, schemes of the inner
surface of valve).

1932, C. arcaense (Bel), C. bavarica {Ammon}),
C. chersonense (Nossovsky, 1962); C. concameratum
(Holzl, 1957); C. davidaschvilii (Kolesnikov, 1950);
C. doembra (Andrussoff, 1902); C. edule (Linng, 1758);
C. galidzgense Nevesskaja, 1976; C. ganssi Schlickum,
1970; C. glaucum {Poiret, 1789); C. ivericum Popov,
1983; C. karaschokense Merklin, 1974: C. karelini
(Andrussoff, 1902); C. konschini (Andrussoff, 1902):
C. lacustre Popov, 1983; C. macedonicum Nevesskaja,
2000; C. modelli (Schlickum, 1970Y; C. mutabile Popov,
1982; C. prigorovskii (Bogachev, 1959); C. samodurovi
Merklin, 1974; C. sanani (Ali-Zade, 1967); C. schmiereri
Schlickum, 1970; C. serogosicum (Nossovsky, 1962);
C. siphonophorum (Andrussoff, 1902); C. sociale
{Krauss, 1852); C. stephani Schlickum, 1966; and
C. zhuzhunae Popov, 1982.

Comparison and remarks. Differs from
Raricardiion in having a greater number of closely
spaced ribs, from Korobkovielia, in having well-devel-
oped posterolateral teeth and both the anterior part of
the hinge plate and the anterior lateral teeth not thick-
ened. In shell form and ribbing pattern, resembles
members of other tribes, in particular Obseletiformes
{tribe Obsoletiformini) but differs from them in having
a more fully developed hinge and, usually, a three-lay-
ered shell. From Bosphoncardmm {tribe Lymnocardi-

- ind), diffeis-in Liaving less-developed anterior lateral

teeth and, usually, a three-layered shell.
Occurrence. Same as for the subfamily.

Genus Korobkoviella Merklin, 1974
Cerastoderma { Korobkoviella): Merklin, 1974, p. 97.
Korobkoviella: Popov and Titova, 1982, p. 43,

Type species. Cerastoderma (Korobkoviella)
kiktenkoi Merklin, 1974, Oligocene, Serogozy Beds,
Dnepropetrovsk Region, Southern Ukraine.

Diagnosis (Fig. 11). Shell orbicular, orbicular-
triangular, ovate, trapezoidal, weakly convex, weakly
to moderately inequilateral, closed, with slightly pro-
jecting beak and distinct (but not sharp) posterior ridge.
Ribs numerous (30 or more), poorly developed, weakly
raised anteriorly, adcarinal ones asymmetrical and
ridge-like. Hinge with two cardinal teeth in each valve,
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