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Foreword

It was a particular proud for us and for Zoological Institute of the Russian Academy of Sciences
that the SEH followed our invitation to organize the 12th Ordinary General Meeting (OGM) in St. Pe-
tersburg in August 2003. It was of special importance that it was held in conjunction with 2nd Ordi-
nary Meeting of A. M. Nikolsky, s Herpetological Society under the Russian Academy of Sciences
and North Eurasian Reptile Specialist Group of SSC/IUCN that should promote mutual enrichment
and further development of cooperation between both societies in the field of fundamental and con-
servation research.

Approximately 340 delegates from 33 counties attended five days of meeting (August 12 — 16).
Because of combined meeting of two societies there were much more participants than in the last
previous OGM SEH (176 persons in France, 9th OGM SEH, in 1998, 148 persons in Cretea, Greece,
10th OGM SEH, in 1999 and 86 persons in Slovenia, 11th OGM SEH in 2001). Zoological Institute
meeting hall was too small for housing this herpetological forum. Therefore, the main sites of the
12th OGM were beautiful historical buildings of the St. Petersburg Branch of the Russian Academy of
Sciences, St. Petersburg State University, and Zoological Institute.

Herpetologica Petropolitana includes great part of the contributions presented as talks or posters
during the 12th Ordinary General Meeting of the Societas Europaea Herpetologica held in St. Peters-
burg, August 12 — 16, 2003.

All manuscripts received were subjected to a reviewing process and were sent to reviewers.

List of scientific and linguistic reviewers:

Natalia Ananjeva, Leo Borkin, Miguel A. Carretero, David Cundal, Igor Danilov, Mathieu
Denoél, Jeff Ettling, Jakob Hallermann, Georgy Lada, Luca Luiselli, Robert Macey, Claude Miaud,
Tatyana Platonova, Andrew Snider, Anton Stumpel, Oksana Tishenko, Miguel Vences.

Their help was inestimable; we express our gratitude to all of them.

We are also thankful for assistance under preparation of this volume to Larissa Iohanssen and
Roman Khalikov.

St. Petersburg Natalia Ananjeva,
March 28, 2005 Olga Tsinenko
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HISTORY AND ANNIVERSARY DATES

OF RUSSIAN HERPETOLOGY IN ST. PETERSBURG

Natalia B. Ananjeval

The origin of herpetology in St. Petersburg as well as
the beginning of Russian fundamental research in the fields
of zoology, in general, and herpetology, in particular, can be
assigned to the time of Peter the Great. The first museum in
Russia, the Kunstkammer (The Cabinet of Naturalia), was
established by Peter the Great in 1714 in the capital of the
Russian Empire. Its aim was to separate everything “that be-
longs to the animal kingdom” from other collections of the
Kunstkammer such as the Chamber of Rarities. The first ex-
hibition of the Zoological Museum, the predecessor of the
Zoological Institute, was opened in St. Petersburg on 4 July
1832. This date is now regarded as the time of the founda-
tion of the Zoological Institute of the Russian Academy of
Sciences (Fundamental Zoological Researches, 2004).

During the period of exploration and organized scien-
tific expeditions, the Russian Academy of Sciences aimed to
study the natural resources of the unbounded territories of
Russia, and a number of prominent foreign scientists were
invited to Russia for these research expeditions. One of the
most prominent scientists was Peter S. Pallas, whose activi-
ties resulted in the first inventory of biological resources of
the country. This period was also a time of exploration and
description in herpetology. Many new collections were ob-
tained owing to the first expeditions of the Academy of Sci-
ences and purchases abroad, including a part of the second
Seba collection, purchased at an auction in 1752 (Juriev,
1981). Among the first expeditions of interest to herpetolo-
gists was Peter S. Pallas’s trip to eastern Russia and Siberia
(1768 — 1773), and many herpetological studies can be
traced to this scientist. The historical center of Russian her-
petology was the Zoological Museum (now Institute) in
St. Petersburg. One of the results of Pallas’s great expedition
was the first inventory of amphibians and reptiles of Russia,
including descriptions of numerous new species. Most of the
collections (including amphibians and reptiles) were taken
to the Crimea where he finished writing his classical book,
Zoographia Rosso-Asiatica (Svetovidov, 1987), which is of-
ten regarded as the complete inventory of herps. Unfortu-
nately, most of his material is no longer available; some
specimens were transferred later to the Zoological Museum
of the Humboldt University in Berlin and the National Mu-
seum of Natural History in Paris.

Further development in the study of herpetology in
St. Petersburg is associated with the official recognition of
the Zoological Museum as an independent institution in

I Zoological Institute, Russian Academy of Sciences, Universitetskaya nab.
1, 199034 St. Petersburg, Russia; E-mail: azemiops@zin.ru.

1832, whereas it was previously considered only a part of
the Kunstkammer. The first museum director, Johann F.
Brandt (from 1830 to 1879), was well known for his
herpetological activities; he described several new species
of Asian reptiles and greatly enlarged the collection from
various expeditions within the Russian Empire and abroad
(particularly from Baron Georg Heinrich von Langsdorff in
Brazil and through exchanges with other museums). Brandt
and Alexander A. Strauch, who replaced him in the post of
the museum director (from 1879 to 1890), both of whom
were academicians, were founders of the Russian school of
herpetology.

From the very outset, the St. Petersburg school of herpe-
tology appeared to be an authoritative international center,
with research activities extending far outside the geograph-
ical borders of the Russian Empire. Alexander A. Strauch
was an especially important figure in the history of Russian
and, indeed, world herpetology (Adler, 1989; Ananjeva,
1998). He had serious scientific communications with most
of the leading herpetologists of the day, and used these con-
tacts to increase the herpetological collection through pur-
chase and exchange with other museums. A very significant
source of new and interesting materials was from the first
expedition of the famous explorer Nikolai M. Przewalski in
the vast unknown and remote regions of Central Asia. By
1882, the herpetological collection included 5889 catalogue
numbers representing 1222 species of reptiles (119 species
of turtles, 14 crocodiles, 596 lizards, and 493 snakes) and
1285 catalogue numbers of 283 species of amphibians (9
caecilians, 224 frogs, and 50 salamanders). This collection
was widely representative for its time (Strauch, 1889).

As a result of his own careful study of turtles, croco-
diles, lizards, snakes, and salamanders, Strauch wrote
several monographs and world synopses (Strauch, 1866,
1869, 1870, 1873, 1887, 1890). His review of the snake
fauna of the Russian Empire (1873) and results of his identi-
fication and description of the amphibians and reptiles
(1876) from Przewalski’s first expedition to Central Asia are
of special value for Russian and world herpetology.

The next stage in the development of herpetology in
St. Petersburg was closely related to activities of the leading
Russian and Soviet herpetologist, Alexander M. Nikolsky
(1858 — 1942), who was a successor to Alexander Strauch as
curator of a combined division of fishes, amphibians and
reptiles responsible for herpetological collection at the Zoo-
logical Institute.
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A student of St. Petersburg University, Nikolsky de-
fended his masters dissertation in 1887 and doctoral disser-
tation in 1889. In St. Petersburg he was appointed curator of
the university collection in 1887 and later held the position
of Head of the Department of Fish, Amphibians, and Rep-
tiles (1896 — 1903) (Mazurmovich, 1983; Adler, 1989; Anan-
jeva, 1998; Ananjeva and Darevsky, 2004). Nikolsky was
the author of several important monographs with informa-
tion of continued importance, including synopses of the
herpetofaunas of Turkestan (1899) and the Caucasus (1913),
and the first comprehensive book, in three volumes, on am-
phibians and reptiles Fauna of Russia and Adjacent Coun-
tries (1915, 1916, 1918). Another important contribution of
Nikolsky was the study, identification, and description of
the rich herpetological material collected in Iran by Nikolai
Zarudny, who was one of the first zoologists to study the di-
verse fauna of Persia (Anderson, 1999). In 1896 — 1904 N.
A. Zarudny conducted four famous expeditions to Persia
(1896, 1898, 1900 — 1901, 1903 — 1904) supported by the
Russian Academy of Sciences, the Russian Geographic So-
ciety, and the St. Petersburg Zoological Museum. It is inter-
esting to note that in 1885, Nikolsky and Zarudny carried
out a joint trip to the Transcaspian region and northeastern
Persia.

Nikolsky’s contemporary, the well-known herpetologist
Jacques von Bedriaga, was informally associated with the
Zoological Museum. His most famous and important contri-
bution was a large monograph (in quarto and nearly 800
pages; 1898 — 1912) devoted to the study of the huge herpe-
tological collections made by Przewalski and other Russian
explorers during their Central Asian expeditions. Famous
naturalists, collectors, and explorers associated with the
Zoological Institute such as S. G. Gmelin, E. Eichwald, and
E. Ménétriés, have made great contributions to the study of
the Caucasus region.

Successors of these great zoologists to the position of
Head and Curator of the Department of Herpetology at the
Zoological Institute, USSR Academy of Sciences, were Ser-
gei A. Chernov (1930 — 1960) (Photos 1 and 2) and Ilya S.
Darevsky (Photos 2, 4 and 5) (1961 — 1995). Beginning in
1996, the curatorship of the Department of Herpetology and
the administration of the Laboratory of Herpetology and
Ornithology passed to Natalia B. Ananjeva (Scarlato, 1982;
Adler, 1989; Ananjeva, 1998; Ananjeva and Darevsky,
2004).

It was a great pleasure for us that the SEH congress was
held in St. Petersburg in 2003, which was an important anni-
versary for three leading Russian and Soviet herpetologists,
Sergei A. Chernov (100" Anniversary), Pavel V. Terentjev
(100t Anniversary), and Lev 1. Khosatzky (90t Anniver-
sary).

Sergei A. Chernov (1903 — 1964) (Photos 1 and 2), a
student of A. M. Nikolsky, was born in Khar’kov in the
Ukraine, and graduated from the University of Khar’kov in

1926. In Khar’kov he was a student of A. M. Nikolsky.
Chernov was appointed curator of the Department of Herpe-
tology of the Zoological Institute at the USSR Academy of
Sciences, succeeding Sergei F. Tsarevsky. The museum was
reorganized to the Zoological Institute in 1930. Chernov,
who became one of the leading Soviet herpetologists during
his 30-year curatorship (1930 — 1960), conducted extensive
herpetological field work in the Transcaspian region (1932),
in the Caucasus (1937 — 1939), and in Tajikistan (1942 —
1944). The results were published as a series of articles and
several monographs, including regional synopses of the
herpetofauna of Armenia (1937, 1939) and Tajikistan
(1959). His most widely known work was the book Field
Guide to the Reptiles and Amphibians of the USSR, co-
authored with Pavel V. Terentjev (three editions in 1936,
1940, and 1949) that was translated into English in 1965.
During the last years of his life, Chernov studied the taxon-
omy of Palearctic snakes, revising the snakes earlier referred
to the genera Contia and Agkistrodon. He began a large pro-
ject on the skull structure of Palearctic snakes that unfortu-
nately was left incomplete. An extensive osteological col-
lection that was made by Chernov himself during his work
on this project is stored at the Department of Herpetology.
Despite an atmosphere of ideological barriers and “the iron
curtain” in the Soviet Union, Chernov tried to keep contacts
with the international herpetological community that is re-
flected in his correspondence stored in the archives of the
Zoological Institute. He retired in 1960 because of serious
health problems; his former student, Ilya Darevsky, was ap-
pointed Curator of the Department of Herpetology after him.

Pavel V. Terentjev (1903 — 1970) (Photos 1 and 2) a
leading herpetologist and author of the world’s first text-
book of herpetology, worked at the Department of Herpetol-
ogy at the Zoological Institute during World War II, includ-
ing the time of the Siege of Leningrad (1942 — 1944). He
was born in Sevastopol’, Crimea, and graduated from Mos-
cow State University in 1926 (Borkin, 2003). He studied
taxonomy and biogeography, mostly of Anura, but also con-
ducted ecological, biometric, and evolutionary research
(Adler, 1989; Scarlato, 1982; Borkin, 2003). He was the
Head of the Department of Vertebrate Zoology at Leningrad
State University (1954 — 1964) and was a professor of zool-
ogy for many years (1934 — 1942, 1944 —1951; 1954 —
1964). His profound influence on his numerous students was
very significant owing to his wide scientific interests in
many fields and general discipline of biology. Terentjev also
had an appointment at the Zoological Institute in 1951 and
1965 — 1968. His University scientific career continued in
1968 — 1970 when he was appointed the Head of Cabinet of
biological statistics (biometria in Russian) at the University
in the Department of Genetics. His former student, Vladimir
Ishchenko (2004), believed that Terentjev’s courses of sta-
tistics for biologists and herpetology that he attended in
1959 were most likely the first courses in these disciplines in
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Photo 1. Pavel V. Terentjev (left) and Sergei A Chernov (right).

Photo 2. Staff of Department of Herpetology including Ph. D. students, and visiting fellows. November 1957.

Sitting (from left to right): Sergei A. Chernov (curator of herpetology), Pavel V. Terentjev (Leningrad University, professor), Lev 1. Khosatzky (Lenin-
grad University, docent); standing (from left to right): Kirill B. Yuriev (Ph.D. student), Ilya S. Darevsky (Postdoc fellow), Lyudmila N. Lebedinskaya
(collection manager), Giinther Peters (Ph.D. student from Berlin), Abdulla M. Alekperov (Ph.D. student from Baku, Azerbaijan).
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Photo 3. Lev L. Khosatzky January 1977.

the Soviet Union. It is generally known that Terentjev was a
pioneer and early proponent of using statistics in zoology.

Terentjev was an author of Field Guide to the Reptiles
and Amphibians of the USSR (together with Chernov), man-
uals on the frog (1950), and the first textbook in herpetology
(1961). It is important to note Terentjev’s contribution in the
organization of the All-Union Herpetological Committee.
This Committee (the predecessor of Nikolsky’s Herpetolo-
gical Society) was affiliated with the Department of General
Biology of the USSR Academy of Sciences, and was led by
Terentjev since 1962. He organized the first and second
All-Union herpetological meetings that were held in Lenin-
grad in 1964 and 1967.

Lev 1. Khosatzky (1913 —1992), (Photos 2 —4) the
younger contemporary of Chernov and Terentjev, was also
associated with both Leningrad State University and the
Zoological Institute of the Russian Academy of Sciences.
He had a number of posts during his life, but most of his sci-
entific career was associated with the Department of Verte-
brate Zoology at Leningrad State University. He completed
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Photo 4. Leningrad Herpetologists from Zoological Institute and Leningrad State University (from left to right): L. A. Nessov, V. A. Cherlin,

N. B. Ananjeva, L. I. Khosatzky, I. S. Darevsky, L. Y. Borkin, N. L. Olrov.

June 1979.
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his academic training at Leningrad State University in 1936,
and continued his career as a postgraduate student under
Professor Kashkarov’s supervision, who was the Head of the
Vertebrate Zoology Department at that time.

After the Second World War and demobilization,
Khosatzky had a special position at the Zoological Institute
(1945 — 1948) to prepare his doctoral dissertation (the sec-
ond and highest degree in the Soviet Union). Afterwards, he
returned to the Department of Vertebrate Zoology at the
University where he worked as a docent until his retirement
in 1983. His research field was quite extensive and covered
paleontology, morphology and variation of fossil and recent
turtles, ecology and ecological physiology, and the zoogeog-
raphy and conservation of amphibians and reptiles. His pub-
lication list consists of 264 titles (Borkin, 2003), most of
which were written in Russian. He was a true teacher whose
broad biological interests in many respects determined the
future research field of his numerous university students.
Khosatzky’s paleontological activities were closely con-
nected with both the Department of Vertebrate Zoology of
Leningrad State University and the Department of Herpetol-
ogy of the Zoological Institute of the Russian Academy of
Sciences. The paleoherpetological collection at the Zoologi-
cal Institute was founded as a result of his work. He mainly
studied Neogene turtles of the USSR, and described some of
the common turtles from the Late Cretaceous of Mongolia.
Some of his papers and monographs (for example, Khosatz-
ky and Redkozubov, 1989) dealt with the Neogene herpeto-
fauna of Moldavia. Khosatzky was the graduate supervisor
for Ananjeva and Borkin during their study at the Univer-
sity. I. Khosatzky also trained many paleo- and neoherpeto-

logists, among them N. Ananjeva, L. Borkin, K. Juriev,
L. Nessov, V. Borkhvardt, N. Golubev, A. Zakharov, V. Cher-
lin, I. Gaizhauskene, M. Ivakhnenko, V. Kotlyarevskaya,
V. Kuznetzov, G. Peters, O. Redkozubov, V. Tofan, E. Kova-
lenko, G. Cherepanov, and many others.

Lyudmila N. Lebedinskya (1906 — 1989) (Photos 2 and
5), the permanent collection manager and secretary of the
Department of Herpetology from 1942 to 1978, worked for
36 years with all three outstanding herpetologists, S. Cher-
nov, P. Terentjev, and L. Khosatzky. She protected the col-
lections of the Zoological Institute, including the herpetolo-
gical specimens, during the Second World War and the
Siege of Leningrad (together with P. Terentjev).

The scientific, teaching, and organizational activities of
three prominent zoologists and herpetologists whose cente-
naries (Chernov and Terentjev) and 90 Anniversary (Kho-
satzky) coincided in 2003 with the year of the 12t SEH
Congress, contributed greatly to the development of herpe-
tology in the Soviet Union. Their efforts allowed the cre-
ation of a scientific center and did not interrupt academic
lineages in herpetology. Data on the continuity between M.
Bogdanov and A. Nikolsky at the St. Petersburg Imperial
University (Altig, 1989: 183) should be supplemented with
academic ties at Leningrad State University, consisting of
doctoral dissertations (candidate in USSR and Russia) under
the supervision of Terentjev and Khosatzky. It is significant
to note the close and fruitful contacts between the Depart-
ment of Vertebrate Zoology at Leningrad University and the
Department of Herpetology at the Zoological Institute;
Terentjev and Khosatzky worked at the Zoological Institute
during different periods of time. The following generations

Photo 5. From left to right: Natalia Ananjeva, Leo Ja. Borkin, Lyudmila N. Lebedinskaya,
Vasilyi A. Kireev (Ph.D. student from Elista city, Kalmykia), and Ilya S. Darevsky. 1971.
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of Soviet and Russian herpetologists received systematic
training from them when studying zoology at Leningrad
University.

This project is supported by Grant of President of
Russian Feredation for leading scientific schools NS
1647.2003.4 and by grant RFFI 05-04-48165 to Natalia B.
Ananjeva
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PLURAL NAMES EARN AND NEED PLURAL VERBS

L. Bauer!

Keywords: Taxonomy, Nomenclature, Herpetology, Batrachology,.

INTRODUCTION

It is an omission of the International Code of Zoologi-
cal Nomenclature — really an omission to be regretted and
to be corrected in future editons — that family names are
not expressly mentioned as words in plural form. Clearly
they are and understanding will be furthered by realizing
that indeed they are.

Names of families and higher categories are words in
plural form. As such names indeed do represent plural
contents, verbs should not be used in singular. Zoologists
not always seem to be aware of this and especially in her-
petology I noticed that the official family names often ap-
pear with wrong verb forms.

As mostly North American and other AngloSaxon
publications often show this aberration, people who’s
mother tongue not is English erroneously might consider
exactly an aberrant form only to be correct. The use of -ids
instead of -idae makes no difference, apart from a would
be cosmetical English look.

MATERIAL AND METHODS

After having been bewildered every so often when us-
ing mainly Anglosaxon herpetological literature I com-
pared some other zoological disciplines as well. To make
my point I compared codification of botany and zoology.
And from grammar I tried to find out what custom might
underly such erroneous use.

In botany the situation has been clearly defined by
wording in the nomenclatural code, which I possess in
several editions, published after botanical congresses, nor-
mally with four or five years in between. May the ICZN
follow. Follow in wording badly needed clarification and
in more frequently being issued.

RESULTS

International Code of Botanical Nomenclature
adopted by the Sixteenth International Botanical Con-
gress, St Louis, Missouri, July-August 1999.

16.1: The name of a taxon above the rank of family is
treated as a noun in the plural and is written with an initial
capital letter.

I IL CORBAU, Sassigné, F-58700 Montenoison, France.
E-mail: Lbauer@wanadoo.nl; peruviridis@wanadoo.fr

18.1: The name of a family is a plural adjective used as
anoun...

Mary Irish and Gary Irish, Agaves, Yuccas and
Related Plants, Portland: 2000.

Page 14: ...the Agavaceae can be said to occurr in a
wide range of habitats...

Page 25: The Agavaceae have perfect flowers...

Botanical family names end in -aceae. Therefore
-aceae is nomenclaturally identical with and completely
comparable to -idae.

Stephen J. Gould, Wonderful Life, London: Penguin,
1991.

From page 112 I cite Leif Stermer: The Trilobitomor-
pha are...

Page 158, Gould him self: The Crustacea are an enor-
mous and diverse group...

J. E. Webb, J. A. Wallwork and J. H. Elgood, Guide
to Living Reptiles, London: 1978.

Page 39: The Cryptodira include the great majority...

Page 79: The Squamata are probably...

Page 118: The Scolecophidia include...

Page 118: The Henophidia, containing several fami-
lies, show a transition...

Page 118: The Henophidia are clearly remnants...

Page 138: The Elapidae have...

Lester Short and Jennifer Horne, Toucans, Barbets
and Honeyguides, Oxford: 2001.

Page 15: The Ramphastidae or toucans are...

Some herpetologists might write “Ramphastids are”
but Ramphastidae actually is the same.

The Ramphastidae are the toucans and in this combi-
nation they cannot but correctly use a plural verb form.
Otherwise they sometimes seem to have difficulties.

Page 20: Trachyphonini — the tribe Trachyphonini
Prum, 1988, is monotypic. {OK}

Page 21: Lybiini — the Lybiini Sibley and Ahlquist,
1985, contains the rest. {in error}

Page 23: Calorhamphini — the Calorhamphini Prum,
1988, is a monotypic Asian tribe. {??}

Page 23: Megalamaitini — the Megalamalini Blyth,
1852, comprise the other... {OK}

Page 24: Capitonini — the first of the two tribes in the
neotropics is Capitonini {OK}
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Page 24: Semnornithini — the Semnornitini Prum,
1988, have a bony crest {OK}

Page 28: Prodotiscini — the Prodotiscini Roberts,
1922, is a tribe containing... {??}

Page 29: Indicatorini — the {tribe, LB} Indicatorini
Swainson, 1837, is comprised of... {??}

{??} in this construction the situation appears slightly
unclear; better: ...form a tribe ...

Indeed I really do admire this book as well as others
referred to, so let me state that remarks like these review
great work done, and should not be read as negatively in-
tended criticism.

Claus Nielsen, Animal Evolution. Second Edition,
Oxford: 2001.

Page 35: The mitochondria have...

First citation of course is not a family name nor phy-
lum or whatsoever, but the form clearly demonstrates what
it is all about: mitochondria is the plural form of mitochon-
drium. Names of higher categories may be plural forms of
a word ending in -um.

Page 48: The phylum Placozoa comprises... The phy-
lum is subject.

Page 114: The Gnathostomulida apparently all have...

Page 169: Annelids are... {Annelida would express
exactly the same}

Page 172: The Echiura resemble annelids...

Page 210: The Mandibulata also appear to be...

Also some other interesting citations demonstrate
what reasons there are to make my point.

Pages 89 and 271: Protonephridia are... Who does im-
mediately realise this is anatomy?

Protonephridia might be organisms in stead of organs.
What difference then? Nothing!

Several of these cited places come from the middle of
pages text. I do have the impression that editorial influ-
ence withheld standard verbs with phylum names in open-
ing sentences.

Let me check some different words again.

Page 304: The spermatozoa have the head extended...
Interestingly the sperm cells are compared with animals
but might -zoa (in this book we encounter Placozoa,
Eumetazoa, Gastracazoa, Bryozoa, Rhombozoa) as animal
taxa — singular: taxon — induce especially editors but au-
thors as well to promote either singular verb forms or dif-
ferent word forms?

They do. Vide page 48 and page 51: The Eumatazo-
ans...

Paul L. Th. Beuk (ed.), Checklist of the Diptera of
The Netherlands, Utrecht: 2002.

In this checklist we find

The family Sciaridae is found on every continent...*

*Correct: The family as a word is subject!

Sciaridae are small flies...

Pediciidae are long and slender...

Tipulidae are medium- to large-sized...

Dixidae are medium-sized...

Stratiomyidae are very variable ...

Conopidae are parasitoids...

Braulidae are well-known bee-parasites.

Chloropidae are small flies... Chloropidae occurr on
meadows...

Nycteribiidae are obligate blood-sucking ectoparasites
of bats.

Hypodermatidae are obligatory parasites of mammals.

Oestridae are obligatory parasites of mammals.

This illustrates the correct way to grammatically
handle family [higher category] names.

DISCUSSION

It is an idiosyncracy of English grammar (idiom) —
making it a very interesting language — that several words
in singular form (police, people, kin, crew) come with a
standard verb, i.e., not third person singular, when it is felt
or realized that such words refer to some collectivity of
several individuals, say plural contents.

In zoological use of family names the verb also has to
be used standard. I am unable to grasp that at present ex-
actly in English, at least in herpetology and often in other
zoological texts as well, plural form and plural contents of
taxa above the genus group are buried in erroneous use of
verbs in third person singular.

If we refer to Webb and colleagues, who also compiled
a Guide to Living Amphibians, we cannot help but get the
impression that in understanding of taxonomy and nomen-
clature no advance has been gained. On the contrary: mod-
ern language use in several herpetological publications
hampers understanding.

It is not grave of course if one uses erroneous forms in
ones own writings and even in print there seldom will arise
problems. But — apart from unnecessary difficulties in
understanding by colleagues — the grave thing might be
and apparently already does occur that editors try to “cor-
rect” already correct wording.

If one uses a term like “the family” verbs should ap-
pear in singular, if one whishes to use verbs in third person
singular a comparable construction becomes essential. But
it appears unnecessary in scientific publications to substi-
tute -ids for -idae: ids is just a formal deviation from idae
and has no different meaning.

It would be a great victory of common sense and
philosophical understanding if the ICZN in future editions
should reach the maturity to state the plural character of
names for every taxon above the genus group — id est
family group names and also of otherwise not regulated
names given to all higher categories.
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A REPLACEMENT NAME FOR Lophopus

L. Bauer!

Keywords: Hyla, Quinzhyla, replacement name, Lophopus Tschudi, 1838.

INTRODUCTION

It is clear that Hyla marmorata Daudin is the type by
monotypy of Lophopus Tschudi, 1838. This name Loph-
opus in Amphibia is preoccupied by Lophopus Duméril,
1837 in Polyzoa.

See Bokermann and ASW.

Hyla marmorata belongs to a complex of smallish tree-
frogs with the aberrant chromosome number of 2N = 30 in
stead of 2N =24. For some twenty years now | am con-
vinced that this group is sufficiently distinct from typical
Hyla to be nomenclaturally separated and I decided indeed
they should be recognized as such.

As anew name is needed, in 1985 already I concluded
that the best way seems to choose a replacement name for
Lophopus Tschudi and therefore I coined Quinzhyla.

The type species so becomes Hyla marmorata Daudin
(= Lophopus marmoratus Tschudi) and the name takes the
date of Tschudi’s publication. First species group of course
is that around Quinzhyla marmorata.

Definition. Fairly small neotropical treefrogs with
haploid chromosome complement of 15. Differing from
typical Hylinae also in the, almost Rhacophorus-like, full
webbing of toes. The species often are lichen-like crypti-
cally coloured and have a glandular body outline.

Etymology. The name is referring to the haploid chro-
mosome number in latin languages (quinze, quince, quin-
decem) contaminated with hyla.

I IL CORBAU, Sassigné, F-58700 Montenoison, France.
E-mail: Lbauer@wanadoo.nl; peruviridis@wanadoo.ft.

DISCUSSION

Some twenty years ago the name Quinzhyla appeared
in photocopy only in very restricted circulation. But with
the same etymology diverse alternatives remained possi-
ble and I did hesitate to choose.

Quindechyla is closer to correct use of Latin, as can be
Quindecyla and Quindehyla but they lack euphonious
character, whereas Quinzhyla has a better look, a more
agreeable image.

Quincehyla, Quinchyla, Quinhyla, and Quinzyla also
came in the picture, but — although I do like the eight let-
ter forms — I choose Quinzhyla from a purely cosmetical
point of view.

Now in my name Quinzhyla the first part is from
French origin, which was one of the reasons to hesitate:
combining a modern language form with an existing name
of classical origin must not be common practice. That is
why this name remained in drawers. But I could not resist.

So I decided to take the word as it suits me. The re-
placement name is Quinzhyla.

REFERENCES

Bokermann W. C. A. (1964), “Notes on the frogs of the Hyla
marmorata group...,” Senck. biol., 45(3/5), 243 — 254,
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GENOME SIZE VARIATION IN THE BALKAN ANURANS

L. J. Borkin,! S. N. Litvinchuk,2 J. M. Rosanov,2 G. DZuki¢,3 and M. L. Kalezié34

Keywords: genome size, DNA flow cytometry, Anura, Bombina, Bufo, Hyla, Pelobates, Rana, Serbia and Monte-

negro, Macedonia.

Serbia and Montenegro harbor 16 anuran species ar-
ranged in five genera and five families (Dzuki¢ and Kale-
zi¢, 2004). In the area, many anurans are distributed at
their geographic (southern or northern) limits. Zoogeogra-
phicaly, the country belongs to the southern part of the Eu-
ropean or Boreal Region (the Central European Province),
in contact with the Mediterranean Region (the Balkan
Province) at the south (Borkin, 1999; Dzuki¢ and Kalezi¢,
2004). Therefore, the study of anurans of Serbia and Mon-
tenegro is of obvious importance in terms of systematics,
geographic variation, and zoogeography. The goal of pres-
ent paper was to evaluate the genome size variation in
some Balkan anurans in comparison with that of frogs and
toads from eastern Europe, taken mostly from the Euro-
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Fig. 1. The map of Macedonia, Serbia and Montenegro with samples of
anurans studied.

pean part of the former USSR, with some samples from
Romania and Hungary.

In a total, we examined 118 specimens from 27 sam-
ples of 13 species and subspecies collected across Serbia
and Montenegro, as well as from two samples from Mace-
donia (Table 1; Fig. 1). The amount of DNA per nucleus
(genome size) was measured by flow cytometry. Red
blood cells of the grass frog (Rana temporaria) taken in
St. Petersburg and Pskov Provinces were used as a refer-
ence standard. The details of the technique have been pub-
lished previously (Borkin et al., 2001).

Two species of fire-bellied toads, Bombina bombina
and B. variegata, are distributed in Serbia and Monte-
negro. The latter species is presented by two subspecies.
We found that the average genome size in B. bombina was
higher than in B. v. variegata at the level of 5.5%, and
value ranges of both taxa did not overlap (Table 1; Fig. 2).
Such differences between these species, which are known
to hybridize in contact zones, were recorded in the Ukrai-
nian Transcarpathians as well (Khalturin et al., 1996,
2001).

Importantly, another subspecies of the yellow-bellied
toad, B. v. scabra, proved to be closer to B. bombina rather
than to B. v. variegata (Table 1; Fig. 2). Genome size val-
ues in both subspecies of B. variegata did not even over-
lap, unlike the case with B. v. scabra and B. bombina. The
separation between B. v. variegata and B. v. scabra was
also supported by bioacoustic, as well as electrophoretic
and mitochondrial DNA data (Vasara et al., 1991; Szymu-
ra et al., 2000). Based on our small sample sizes (from 3 to
6 individuals), two groups of B. v. scabra might be recog-
nized. The first one would consist of the south Serbian
(Vucje) and Macedonian (Trojaci) samples having a little
higher genome size values (the limits were between 21.43
and 21.78 pg), whereas the second group would contain
the Montenegro samples with smaller genome size rang-

1 Zoological Institute, Russian Academy of Sciences, Universitetskaya nab.,
1, St. Petersburg 199034, Russia; E-mail: lacerta@zin.ru

2 Institute of Cytology Russian Academy of Sciences, Tikhoretsky Pr., 4,
194064 St. Petersburg, Russia; E-mail: slitvinchuk@yahoo.com

3 Institute for Biological Research “Sinisa Stankovi¢,” Belgrade, Serbia and
Montenegro.

4 Institute of Zoology, Belgrade, Serbia and Montenegro.
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TABLE 1. Genome size variation (pg) in 13 species and subspecies of the Balkan anurans.

Locality Country/Republic n Mean S.D. Min Max
Bombina bombina
1 Obrez Serbia 5 21.86 0.08 21.77 21.98
7 Jagodina Serbia 5 21.82 0.06 21.75 2191
9 Todorovce Serbia 6 21.85 0.03 21.79 21.88
16 21.84 0.06 21.75 21.98
Bombina variegata scabra
10 Vucje Serbia 5 21.55 0.07 21.43 21.61
11 Trojaci Macedonia 4 21.71 0.09 21.59 21.78
13 Biogradskoe Lake Montenegro 3 21.33 0.07 21.28 21.41
14 Bukumirskoe Lake Montenegro 6 21.34 0.05 21.27 21.40
15 Jankovichi-Krsh Montenegro 6 21.27 0.03 21.21 21.31
24 21.43 0.17 21.21 21.78
Bombina variegata variegata
6 Brza Palanca Serbia 6 20.71 0.04 20.66 20.75
Bufo bufo
4 Tresnja Serbia 3 13.27 0.03 13.24 13.30
13 Biogradskoe Lake Montenegro 4 13.15 0.03 13.11 13.17
7 13.20 0.07 13.11 13.30
Bufo viridis
5 Banatska Palanka Serbia 2 9.66 — 9.65 9.66
Hyla arborea
14 Bukumirskoe Lake Montenegro 2 9.98 — 9.91 10.04
Pelobates fuscus fuscus
1 Obrez Serbia 5 8.97 0.03 8.94 9.01
7 Jagodina Serbia 1 8.77
5 Banatska Palanka Serbia 4 8.94 0.05 8.89 9.00
3 Pancevo Serbia 3 9.02 0.02 9.00 9.04
8 Aleksinac Serbia 3 8.83 0.05 8.79 8.88
16 8.93 0.09 8.77 9.04
Pelobates syriacus balcanicus
5 Banatska Palanka Serbia 5 7.91 0.03 7.86 7.93
7 Jagodina Serbia 2 7.88 — 7.87 7.89
12 Nakolec Macedonia 3 7.94 0.01 7.93 7.95
10 7.91 0.03 7.86 7.95
Rana graeca
10 Vucje Serbia 1 15.41 — — —
13 Biogradskoe Lake Montenegro 3 15.30 0.05 15.24 15.33
4 15.33 0.07 15.24 15.41
Rana esculenta
2 Obedska Bara Serbia 17 14.96 0.07 14.86 15.10
Rana lessonae
1 Obrez Serbia 2 14.12 14.10 14.14
2 Obedska Bara Serbia 4 14.16 0.02 14.14 14.19
6 14.15 0.03 14.10 14.19
Rana ridibunda
2 Obedska Bara Serbia 1 16.07 — — —
16 Gorny Ceklin Montenegro 1 15.95 — — —
2 16.01 — 15.95 16.07
Rana shqiperica
17 Virpazar Montenegro 6 14.34 0.12 14.21 14.49
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Fig. 3. Genome size variation in three species of toads (Bufo) and tree-
frogs (Hyla).

ing from 21.21 to 21.41 pg (Fig. 2). However, the confir-
mation of such groups needs additional evidence based on
larger sampling.

The genus Pelobates is also represented in the Balkans
by two species, which are significantly differed by ge-
nome size (Table 1). It is important because in Serbia both
species can occur syntopically, for instance, in Banatska
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Fig. 4. Genome size variation in brown frogs (Rana temporaria group).

Palanka (Rot-Nikcevic et al., 2001) unlike in the Cauca-
sian region (e.g., Borkin, 1998). In P. syriacus, the Balkan
samples were characterized by smaller amount of nuclear
DNA (7.86—7.95pg) in comparison with Azerbaijan
spadefoot toads (8.02 — 8.39 pg, Khalturin et al., 2003).
These differences would support the validity of the Bal-
kans and Asian subspecies (see Ugurtas et al., 2002).

Several years ago, using DNA flow cytometry, we
found two cryptic forms of P fuscus fuscus in eastern
Europe. The averaged genome size in the western popu-
lations was equal to 8.83 pg, ranging from 8.65 to 9.06 pg,
whereas the eastern populations had higher values
(9.32 pg, within the range 9.18 — 9.43 pg). The reality of
both forms was confirmed by allozyme analysis (Borkin
et al., 2001, 2003; Khalturin et al., 2003). According to
genome size (8.77 —9.04 pg; Table 1), five Serbian sam-
ples can be assigned to the western kind of P. f. fuscus,
which was formerly recorded in Moldavia, Ukraine, Bela-
rus’, Latvia, and the western part of European Russia.

We failed to find any differences in genome size be-
tween the Balkan samples of Bufo bufo (Serbia and Mon-
tenegro, Table 1) and common toads collected in Euro-
pean part of the former USSR (Fig. 3).

The amount of nuclear DNA seemed to be the same in
Serbian green toads and numerous samples of B. viridis
viridis from the western part of the former Soviet Union
(Table 1; Fig. 3).

In the case with tree frogs (Hyla arborea arborea) we
can draw analogous picture: no differences between two
specimens from Montenegro and samples from the
former USSR, although the Balkan sample was too small
(Table 1; Fig. 3).

Green frogs of the Balkan region were the subject of
numerous recent papers because of a quite complicated
situation in terms of their systematics and distribution,
with cryptic speciation in ridibunda-like frogs (Dubois
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and Ohler, 1994). In Serbia and Montenegro four species
are currently recognized. Three members of the hybrido-
genetic complex (Rana lessonae, hybridogenetic R. escu-
lenta, and R. ridibunda) collected in northern Serbia (Da-
nubian plain region) had quite different genome sizes
(Table 1), which were similar to that of the same frog spe-
cies from European part of the former USSR, respectively.
Curiously, all three frogs occurred syntopically at Obedska
Bara, and, moreover, two samples of R. esculenta were re-
presented by females only. Such a kind of population sys-
tem with unisexual diploid hybrids seems to be a unique
one in Europe.

Rana shqiperica, which was described from Skadar-
sko Jezero, near Virpazar, Montenegro (Hotz et al., 1987),
is endemic to the Adriatic Balkans, with quite restricted
distribution in southern Montenegro and Albania. Accord-
ing to genome size (Table 1), this species is closer to
R. lessonae rather than to other Balkan green frogs. Thus,
our data seem in concert of suggestion that the both taxa
may be sister species (Plotner, 1998).

Among the Balkan brown frogs (Rana temporaria
group) we examined genome size in two samples of
R. graeca, endemic to the Balkan region. The comparison
with three other species (R. arvalis, R. dalmatina, and
R. temporaria), collected from European part of the for-
mer USSR and Romania, demonstrated obvious differences
between all these species. Moreover, R. graeca proved to
be characterized by the highest genome size (Fig. 4).

The research was supported by the Russian Foundation for
Basic Research grant (No. 02-04-49631), Russian Federal Pro-
gram “Integration” grants (E 0121, E 3248), Russian Govern-
ment grant “Scientific Schools” (NSh 1647.2003.4), and partly
funded by the Serbian Ministry of Science, Technologies and
Development (grant No. 1623, “Integrative Study of Amphibians
and Reptiles from the Central Balkans™).
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VARIABILITY OF ADVERTISEMENT CALLS AND RELEASE CALLS
OF GREEN FROGS IN THE MOSCOW OBLAST’, RUSSIA

K. 1. Chernyshov!

Keywords: green frog, release calls, advertisement calls.

INTRODUCTION

Research on anuran bioacoustics has been intensively
carried out during last 25 years. In the course of this pe-
riod, a considerable amount of data was accumulated on
qualitive as well as quantitative call parameters of many
frog species. Frog calls seem to be largely species-spe-
cific, allowing for their use in regional faunistical explora-
tions. New species and subspecies of frogs have been de-
scribed based on their bioacoustic differentiation (Schnei-
der and Sofianidou, 1985).

Comparative studies of acoustic signals in the amphi-
bia are made difficult by the fact that the calls of these poi-
kilothermic animals depend on environmental parameters.
Dependence of call variables on temperature is known
and, in general, is well-studied for many groups (Radwan
and Schneider, 1988; Schneider et al., 1988), but other
variables, such as body size and sex of the animal, or
weather, level of motivation, season and interspecific
hybridization also can play important roles (Green, 1982;
Malmos et al., 2001). For example, influence of body size
on various parameters of advertisement calls was revealed
for the genera Rana, Bombina, Alytes, and Bufo (Egiasa-
rian and Schneider, 1990; Nevo and Schneider, 1983).

The aim of the present work was an attempt to contrib-
ute to the understanding of the influence of temperature,
body size and sex on different call types for two frog spe-
cies: Rana ridibunda Pall. and R. lessonae Cam.

MATERIAL AND METHODS

Material was collected in July 1988 from ponds
around the Zvenigorod biological station [Faculty of Biol-
ogy, Moscow State University (MSU), Odintsovo raion,
Moscow Oblast’, Russia]. Calls of adult sexual mature an-
imals were recorded in chorus and individually. In addi-
tion we captured 21 individuals of R. ridibunda and 40 in-
dividuals of R. lessonae of different sexes and size catego-
ries for which we recorded release calls (at water tempera-

! Faculty of Biology, Moscow State University, Leninskie Gory 1/12,
119899 Moscow, Russia; E-mail: kir-ch@mail.ru

tures ranging between 6 to 22°C). Recording of signals
were made with a dictaphone Forward LF-182A HONG-
MAN or a tape recorder Panasonic RX-M50, at a tape
speed of 9.25 cm/sec and at a distance of about 40 cm
from animal. Comparison and analysis of sound signals of
frogs were made at PC employing “Avisoft-SASLabPro”
software.

The studied animals were divided into the size classes
“small” and “large.” Snout-vent lengths of these catego-
ries were as follows: R. ridibunda: 84.0 —93.0 and 74.1 —
76.6 mm for “large” and “small” males, respectively, and
120.0 — 150.2 and 75.0 — 80.0 for “large” and “small” fe-
males, respectively; R. lessonae: 58.7—60.7 and 54.3 —
55.0 mm for “large” and “small” males, respectively, and
62.1 - 67.0 and 58.1 — 61.6 mm for “large” and “small”
females, respectively.

RESULTS AND DISCUSSION

Advertisment calls. With increasing temperature, the
main parameters of the advertisement calls of both species
change as follows, based on our analysis of recordings
from frog choruses: intercall interval and call duration de-
crease (due to a decrease in the duration of intervals be-
tween single pulses); single pulse duration decreases, the
number of pulses per call increases (Tables 1 and 2, Figs. 1
and 2). Some increase in energy maxima of the dominant
frequencies is observed in Rana ridibunda calls, except
the third frequencies maximum. Oppositely, Rana lesso-
nae demonstrates the decrease of frequencies maximum
values with the increase of temperature.

Release calls. Data on release calls (analysis of indi-
vidual recordings) were analyzed separately for eight
groups in R. ridibunda, depending on sex, size and tem-
perature (Table 4). Data for R. lessonae were divided only
into four groups, depending on sex and body size and refer
all to a temperature of ~16°C (Table 3).

The increase of temperature induces the release call of
Rana lessonae (we compared frogs equal in sex and of the
same size) a decrease in call duration in all groups, except
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Fig. 1. Advertisement call of R. ridibunda. The influence of temperature on the components of call. R, coefficient of approximation. For other abbrevia-
tions, see Table 1.
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small males, a decrease of pulse group duration, pulse du-
ration, interval between pulses; and the number of pulse
groups per call increases.

However, the large animals do not demonstrate such
regularity. Perhaps, it can be explained by the fact, that in
laboratory conditions frogs did not have time to cool off
completely to 8°C in allocated time.

Frequencies maxima change chaotically, the third fre-
quencies maxima can disappear with the increase of tem-
perature. The small females do not demonstrate £3.

The small frogs (we compared frogs of similar sex, at
the same temperature) have higher number of pulses per
group, but the pulses are shorter, than pulses of the large
ones. Values of the frequencies maxima of small frogs are
higher, that of large ones, /3 can disappear.

There are some differences in voice parameters of
small and large frogs, depending on their sexual appertain-
ing.

Large females have longer call duration than large
males, and intervals between the pulse groups are shorter,
and there is a contrary situation with small frogs.

The first frequencies maximum of females is higher
than the males’ one, independently of the size.

Large males of Rana lessonae have longer call dura-
tion, than large females, and vice versa, with small frogs.
In other words, situation with Rana lessonae is reverse to
the one with Rana ridibunda.

Females demonstrate the longer interval between
pulse groups and the greater number of pulses per pulse
group, males demonstrate longer interval between pulses,
than females.

First and second frequencies maxima are observed in
all groups, and F3, only in a group of small males.

The small frogs of Rana ridibunda utter the shorter
call with less number of pulses per call.
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PRELIMINARY DATA ON BODY SIZE DIFFERENCES

IN ADULTS OF Testudo hermanni hermanni GMELIN, 1789:
COMPARISON BETWEEN TWO WESTERN MEDITERRANEAN
INSULAR POPULATIONS AND THE CONTINENTAL

POPULATION OF SOUTHERN TUSCANY

C. Corti,] M. A. L. Zuffi,2 L. Bassu,3 C. Fresi,* and M. G. Satta3

Body size differences have been found between the continental population of southern Tuscany and the Sardinian in-
sular populations of Testudo hermanni hermanni. The insular populations are clearly bigger than the continental ones.

Keywords: Testudo hermanni, body size differences, western Mediterranean.

INTRODUCTION

The Hermann’s tortoise is distributed in the Mediterra-
nean coastal regions from Catalonia to Turkey, through the
Italian Peninsula and the Balkans. In Italy 7. hermanni is
mainly distributed along the Tyrrhenian coastal zones and
on the main islands of Sardinia and Sicily. The Hermann’s
tortoise is also present on the Sardinian satellite islands of
Asinara, Piana dell’Asinara, Santa Maria, Maddalena,
S. Stefano, Caprera, and Tavolara (Poggesi et al., 1995).

Our study has been carried out on the following Italian
populations: Continental Tuscany, Sardinia (main island),
and Asinara Island. The aim of our study was to detect if
size differences are present within the island populations
and, between the latter and the mainland population. Data
on size of western Mediterranean populations of 7. her-
manni are reported by Cheylan (2001) in the Handbuch
der Reptilien und Amphibien Europas. But detailed com-
parisons within the Sardinian populations and between the
latter and those of continental Italy are still lacking.

MATERIAL AND METHODS

Tortoises have been captured in spring, summer and
autumn, measured and released. The following morpho-
logical characters have been measured to the nearest
0.1 mm adopting the method by Zuffi and Gariboldi
(1995) in 140 alive females and 94 males: carapace length;
carapace width; plastron length; plastron width; carapace
height and tail length; each specimen has been weighed
before release.

I Dipartimento di Biologia Animale e Genetica, Universita degli Studi di
Firenze, 1-50125 Florence, Italy; E-mail: claudia.corti@unifi.it.

2 Museo di Storia Naturale e del Territorio, Universita di Pisa, Calci (Pisa),
Italy; E-mail: marcoz@museo.unipi.it.

3 Consorzio Mediterranea, Arborea, Oristano, Italy;
E-mail: arbolab@]t.arborea.it.

4 CEEA, Centro Esperienza per 1’Educazione Ambientale, Baratz (Sassari)
Italy.

The analysis of variance and covariance on males and
females has been carried out separately because of the
clear sexual dimorphism known for the Mediterranean tor-
toises (Willemsen and Hailey, 2003; and reference there-
in). Covariance analysis has been performed using cara-
pace length as a constant to normalise all plotted data.
According to a #-test analysis on all the selected parame-
ters, males differed significantly from females for all the
characters (P ranging from 0.010 to 0.0001). After each
ANOVA analysis we performed a post-hoc lesser signifi-
cance test in order to better discriminate between locali-
ties. Correlation analysis has been performed on all pa-
rameters separately for each considered area in order to
detect how the selected characters are correlated. Because
of the presence of markedly smoothed carapaces of the
Asinara specimens we have reconstructed the hypothetical
carapace height of this population using a simple regres-
sion taken from the Sardinian sample.

Histograms of shell measurements have been used to
see the distribution of size classes within and between the
studied populations. The statistical package used is SPSS
8.0.

RESULTS

Size differences are particularly evident in both males
and females between the insular and the continental popu-
lations even if more marked in females, but the Asinara
specimens are in average bigger than those ones of
the main island population for most of the studied char-
acters. Tails of the Tuscan population are signifi-
cantly shorter than those of the insular populations
(males, ANCOVA jengn F=40.794, P <0.0001, df = 3;
locality = 0.943, P>0.05; females, ANCOVA; engtn
F=65.614, P<0.0001, df = 3; locality = 2.106, P > 0.05).
Body mass of the insular populations is significantly
bigger than in the Tuscan population. Carapaces of the
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Asinara Island

Sardinia main island

Tuscany

males females

Fig. 1. Carapace length in males and females of Testudo hermanni.
Abscissa range in males is 110 — 180 mm carapace length, in females is
80 — 210 mm carapace length. Normal curve is shown.

Asinara Island population are in average the highest, par-
ticularly evident in females (males, ANCOVA ;rapace height
F = 12294.1, P < 0.0001, df = 1; locality = 1.675,
P = 0.193; females, ANCOVA iyapace height = 5026.23,
P <0.0001, df=1; locality = 4.510, P = 0.086).

Between the islands and continental population we
find significant differences in most of the analysed shell
morphological characters (Bonferroni, post-hoc test in
males and females, P < 0.05).

Histograms of shell measurements show, both in
males and females, that in the Tuscan and main island pop-
ulations the size classes are differently distributed while in
the Asinara Island population these classes are symmetri-
cally and normally distributed towards the groups of high-
est values (Fig. 1).

CONCLUSIONS

The insular populations are clearly bigger than those
ones of continental Tuscany. This supports previous find-

ings in which island populations of reptiles show a larger
size (Mertens, 1934; Palkovacs, 2003; references therein).
Within the Asinara Island population it seems that there is
a trend to be bigger than on the main island population, as
indicated by the average values.

In a more careful analysis of the obtained results, it
seems that a difference between the two islands popula-
tions is mostly secondary to a peculiar distribution of sam-
ples collected in the Asinara Island. In particular the nar-
row distribution of carapace size, mainly restricted to the
highest size classes, might indicate a low frequency of
“young” adults rather than a peculiarity of this area. This
phenomenon is particularly evident in the female popula-
tion; the remarkable size of Asinara sampling enforces the
power of this analysis. On the main island, even within a
relatively smaller sample, most of the size classes are
more homogeneously represented. A possible explanation
of this finding could be represented by the onset of envi-
ronmental events influencing either the survival or the de-
velopment of this population, particularly within the fe-
male gender.
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TAXONOMIC VALUE OF THE PHOLIDOSIS AND PATTERN CHARACTERS
IN SYSTEMATIC AND PHYLOGENY OF GENUS Eirenis

I. B. Dotsenko!

Keywords: Colubridae, Eirenis, character, pholidosis, pattern, phylogeny.

INTRODUCTION

The taxonomic value of characters is inversely de-
pendent on their variability. Quantitative characters, for
example as the number of scales and their proportions, are
acceptable for determination of affinities between species
and species groups in snakes; low values of variation coef-
ficient (CV) may serve as a criterion for taxonomic value
by statistical treatment. Characters of pigmentation pattern
are less suitable for taxonomic purposes than those of
scalation because of high variability of the former. They
are even more rarely applied as a basis for phylogenetic
considerations and conclusions. This study is an attempt to
analyze the most general trends in formation of patterns
among some genera of colubrid snakes.

MATERIAL AND METHODS

The specimens of genera Coluber, Eirenis, Elaphe,
Natrix (169 specimens of 26 species) stored in National
Scientific Museum of Nature (NMNH, Kiev, Ukraine)
were examined to determine the basic types of patterns.
Photos of Eirenis species from J. F. Schmidtler publica-
tions and photos from Internet were also used. The method
“Multivariations test” (Schmidtler, 1986, 1993) was ap-
plied to conduct the similarity analysis of the characters of
scalation of Eirenis species. 32 specimens of E. medus and
28 specimens of E. punctatolineatus were examined by 15
values (7 MVTn and 8 MVTr). Data about other Eirenis
species (Schmidtler, 1993: Table 3) also were involved.
All these data were shown graphically in coordinates axis
(x, MVTn; y, MVTr).

RESULTS

Several simple types of patterns and their combina-
tions can be distinguished within Colubrinae (in Coluber
and Elaphe), as well as in Natricinae. These types occur in

I Zoological Museum, National Scientific Museum of Nature, National
Academy of Sciences, Kiev, Ukraine; E-mail: Dotsenko@svitonline.com

different genera and even subfamilies; they can be treated
as basic (initial) patterns. One of them is characterized by
absence of any spots on the head and body (as in some
specimens of E. hakkariensis, E. thospitis, C. caspius,
C. schmidti, and E. longissima); the other one consists of
small blackish spots grouped in longitudinal-transverse
rows (other specimens of E. hakkariensis and E. thospitis,
juveniles of C. caspius and C. schmidti, some specimens
of Natrix tessellata).

One may suggest, that the head and (or) neck patterns
formed by transverse stripes of different configuration are
more young in their evolutionary development in some
species of the genus Eirenis. Similar head and (or) neck
patters, in combination with the body pattern or without
the latter, are known also in other genera of Colubridae
(for example, in Coluber: C. ventromaculatus, some speci-
mens of C. viridiflavus, C. ravergieri, C. rubriceps, and
C. laurenti, or Elaphe). Schmidtler (1993) has correctly
shown similarity between the specific patterns in Eirenis
and Coluber, treating these similarities as convergent.

The other question still lacks a solution is the origin of
the pattern consisting of small irregular spots on head and
neck and narrow postero-lateral lining of temporal shields
laterally of the short middle longitudinal line on the upper
side of the neck. This pattern can be treated as an inde-
pendent evolutionary gain, or a reduction of the pro-
nounced dark pattern formed by transverse stripes (as, for
example, in E. modestus). The latter explanation was sug-
gested by Schmidtler (1993), who treated the patterns of
E. thospitis and E. hakkariensis as being derived from that
of E. modestus semimaculatus. This explanation seems not
very convincing because, firstly, the pattern characterizing
E. modestus is always more intensively pigmented and
clear in juveniles, being usually lined by a light (yellow-
ish) contour. Secondly, the totally different (from that of
E. modestus) pattern is known, alongside E. thospitis and
E. hakkariensis (including juveniles). In addition to E. me-
dus this type is rather common in juvenile Coluber caspius
and occurs in some juveniles of C. laurenti (= C. gemonen-
sis). Therefore, this type of pigmentation may represent a
plesiomorphic state of head and neck pattern (in compari-
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Fig. 1. Plotting of the MVTr and MVTn values (Schmidtler, 1993:
Table 3) obtained by intrasubgeneric and intersubgeneric comparisons.

Fig. 2. The juveniles Eirenis modestus collected in Tbilisi Botanical
Garden (ZM NSMN 1032/2630-2637). Photo by E.M.Pisanets.

son with that of E. modestus), or an independent develop-
ment, but not a derivative of E. modestus pattern. Pigmen-
tation of C. laurenti juveniles may look as the faded adult
E. modestus pattern, but is never bright and clear.

Thus, the described types of patterns and their combi-
nations observed in species of the genus Eirenis might ap-
pear independently and discretely according to homologi-
cal variation. Potential for such a variation may be deter-
mined by the genotype. It is suggested, that one pattern
can hardly be treated as a reduction of any other one. In
particular, the neck pattern of E. hakkariensis — E. thospi-
tis type cannot be treated as a reduction of the neck stripe
of E. modestus, as suggested by Schmidtler (1993). Simi-
lar trend can be shown also among species of the genus
Coluber. The situation in Elaphe is much more compli-
cated: in some species (for example, in E. quatuorlineata
and E. scalaris); different subspecies and aberrations have
either longitudinal or transverse stripes on the body, in the
latter case in combination with a characteristic head pat-
tern (different from that of E. modestus) or without any
pattern on pileus and neck. All these patterns are, however,
very diverse, variable and peculiar; they cannot be treated
as modifications of any initial types. Also the state “ab-
sence of patterns on the head, neck and body” can be
found among species of the latter genus (e.g., in E. longis-
sima). It is necessary to mention, that coloration and pat-
terns have more adaptive value for the climbing species of
Elaphe (e.g., E. situla), than for the cryptic snakes, hence
more diversity and complexity in the former taxa.

Thus, similar expression of different combinations of
head and body patterns can be traced in different genera of
colubrid snakes. The most similarity in this aspect is be-
tween genera Eirenis and Coluber.

Scalation patterns in species of the genus Coluber, in
particular Coluber caspius and C. rhodorhachis, are also
the closest to Eirenis in the most stable characters with low
values of CV (number of scales around the body, L/Lcd,
ventralia, subcaudalia, ventralia/subcaudalia, lorealia, su-
pralabialia, and temporalia).

DISCUSSION

An interesting method of measuring of morphological
distance between species by index of reduction of the
pholidosis components (Reduktions index RI, Multivaria-
tions tests MVTr and MVTn) suggested by Schmidtler
(1993) was applied by him for species, preliminarily clas-
sified according to the characters of pigmentation. The
species group Eirenis modestus-complex characterized by
the similar pattern of pileus and neck was distinguished on
this base. Species of the mentioned complex have 15 or 17
rows of scales and were earlier divided between the nomi-
native subgenus and the subgenus Collaria (Dotsenko,
1989). It was already noted (Dotsenko, 2001) that all spec-
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imens of the nominative subspecies, having either the pat-
tern of E. modestus type or other type of pigmentation, are
distinguished from Collaria by higher values of RI.
Plotting of the MVTr and MVTn values obtained by
intrasubgeneric (within Eirenis s. str. and Collaria, respec-
tively) and intersubgeneric (Eirenis s. str. — Collaria) com-
parisons. It was shown, that the latter values are as a rule
higher than the former (Fig. 1). The only exception is
the pair E. (Collaria) thospitis — E. (Eirenis) hakkariensis.
However, both mentioned species have the pattern differ-
ent from that in Eirenis modestus-complex, and therefore
cannot be discussed in this context. Thus, the analysis of
original and Schmidtler’s (1993) data confirmed the exis-
tence of two Eirenis subgenus, coming in the contradiction
with Schmidtler’s concept of E. modestus-complex, de-
fined on the basis of the pattern.

The high level of individual variability in E. modestus
is also noteworthy. The juveniles collected within the lim-
ited territory of Tbilisi Botanical Garden (Fig.2) have
demonstrated the patterns characteristic not only for the
nominative subspecies, but also similar to E. modestus ci-

licius, and even to E. aurolineatus, as described by
Schmidtler (1993). Thus the more reliable diagnostic char-
acters of pholidosis should support validity of the latter
taxa.
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VARIATION OF Hyla savignyi:

A COLOR PATTERN OF CYPRIOTE AND MAINLAND POPULATIONS

V. Gvozdik! and J. Moravec?

Keywords: Hylidae, Hyla savignyi, variation, color pattern, Cyprus.

INTRODUCTION

Audouin (1809) distinguished Hyla savignyi from
Hyla arborea (Linnaeus, 1758) on the basis of its different
color pattern (absence of upward loop on the lateral dark
stripe). Later, Boulenger (1882) mentioned the former
taxon as a variety of H. arborea whereas Nikolsky (1918)
gave it a subspecific rank. More recently, Schneider and
Nevo (1972) referred to differences in the mating calls of
the both taxa and proposed to elevate the former one to the
specific level. This approach was followed by number of
other authors and today the name H. savignyi is widely
used for the tree frog populations distributed in southern
and eastern Turkey, Transcaucasia, western Iran, Iraq, Le-
vant, north-eastern part of Sinai, Cyprus, and south-west-
ern part of Arabian Peninsula. Nevertheless, except of the
description of the general coloration of H. savignyi, till
now there are no available data dealing more thoroughly
with the color pattern of this species and its possible geo-
graphical variation.

Examining the morphological variation of H. savignyi
we noticed remarkably frequent occurrence of spotted to
striped dorsal color pattern in Cypriote population. The
aim of this brief report is (i) to draw attention to this phe-
nomenon, (ii) to describe the patterned form of dorsal col-
oration of H. savignyi, and (iii) to quantify the geographic
distribution of this form.

MATERIAL AND METHODS

The material consisted of 599 museum specimens of
H. savignyi from its whole distribution area. Additional
data were collected directly in the field in Cyprus, Turkey,
Syria, Lebanon, Israel and Jordan. The comparison of the
color pattern of the Cypriote population with the popula-
tion from adjacent mainland (Mediterranean zone of Tur-
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key, Syria, and Lebanon) was based on 421 specimens
(Cyprus: 240, mainland: 181; see Fig. 1 for localities).

Variation in the dorsal color pattern consists in pres-
ence, shape and arrangement of dark dorsal spots, which,
according to our observation on living specimens, can un-
dergo on the background color independent color changes.
We defined two basic groups of color pattern for needs of
our study: (i) pattern-less and (ii) patterned. The latter was
subdivided into two subgroups: (ii-a) spotted, individuals
bearing irregularly distributed spots; (ii-b) striped, indi-
viduals with more or less complete longitudinal stripes
formed by oblong spots. Pattern of dark permanent little
dots, which occurred in H. arborea too, was omitted
within our investigation of the dorsal color pattern.

RESULTS AND DISCUSSION

The examination of the studied material revealed that
the frequency of the patterned specimens is higher in the
Cypriote population than in the populations from the other
parts of the range of H. savignyi. The comparison proper
of the samples from Cyprus and the adjacent mainland ap-
proved a significantly higher occurrence of patterned
specimens in the island population (45.4%, 109/240 vs.
23.2%, 42/181, ¥2=22.13, df=1, p<0.0001; Fig.?2).
There was also a significantly higher occurrence of striped
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Fig. 1. Schematic map of localities of the material examined.
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Fig. 2. Comparison of ratios of patterned specimens.

individuals within the patterned part of the Cypriote popu-
lation (52.3%, 57/109 vs. 14.3%, 6/42, > = 18.01, df = 1,
p <0.0001; Fig. 3).

The dorsal color pattern can be more or less obvious in
dependence of the current physiological conditions. Ac-
cording to our observations from the field and captivity,
the intensity of the dorsal color pattern changes in depend-
ence on daily cycle and on activity of frog. The color pat-
tern is more visible at nights, when the spots/stripes turn
from green (different tone from background color) to dark
brown or black. Nevertheless, it is obvious during daytime
too. Interesting finding is that already Boulenger (1898)
mentioned the striped or spotted pattern in H. savignyi (at
that time as H. arborea var. savignyi) on page 251: “Some
specimens (Cyprus) have four stripes or series of spots in
addition to the lateral.” He also supplied this record by fig-
ure of Cypriote specimen on plate XV (see Fig. 4).

Our findings indicate that Cypriote population of
H. savignyi has undergone a certain degree of differentia-
tion from the mainland populations. These findings are
also supported by our other morphological and bioacoustic
data. The most obvious difference is in body size. Tree
frogs of Cypriote population are significantly smaller than
tree frogs from adjacent mainland (Gvozdik et al., in prep-
aration). Already Schmidtler (1984) gave notice of this
phenomenon. He considered Cypriote tree frogs as a “dwarf
form” of supposedly subspecific status. On the other hand
Bohme and Wiedl (1994) discussed weak insular ende-
mism of the herpetofauna of Cyprus. One of the possibili-
ties how to answer this problem is the insufficient knowl-
edge of amphibians and reptiles biodiversity in the region
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80
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50
40
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Fig. 3. Comparison of ratios of striped specimens within patterned
specimens.

of eastern Mediterranean. The study pointing to specific
status of Cypriote water frogs could be used as an example
(Plotner et al., 2001). Tarkhnishvili and Gokhelashvili
(1999) wrote about tree frogs from Cyprus that they “are
morphologically similar to H. savignyi, although nowa-
days they are assumed to represent different species.” This
information is very interesting but certainly incorrect, be-

Fig. 4. Illustration of a Cypriote specimen of H. savignyi published by
Boulenger (1898: Plate XV, Figure 3).



34 Herpetologia Petropolitana, Ananjeva N. and Tsinenko O. (eds.), pp. 32 — 34

cause no particular investigations of variation of H. sa-
vignyi have been accomplished neither from Cyprus nor
from other parts of the distribution range so far.

Therefore, taxonomic status of Cypriote tree frogs
needs further verification on the basis of particular mor-
phological, bioacoustic and genetic studies.
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SIBLING SPECIES, ADVERTISEMENT CALLS,
AND REPRODUCTIVE ISOLATION IN FROGS
OF THE Leptodactylus pentadactylus SPECIES CLUSTER

(AMPHIBIA, LEPTODACTYLIDAE)

W. R. Heyer,! R. O. de S4,2 and A. Rettig?2

Keywords: Leptodactylus pentadactylus species cluster, advertisement calls, reproductive isolation, speciation.

INTRODUCTION

A recent re-evaluation of morphological and adver-
tisement call variation in the large species of frogs of the
Leptodactylus pentadactylus cluster discovered more ex-
amples of sibling species as defined by Ernst Mayr in his
influential book Animal Species and Evolution. All previ-
ously documented instances of sibling species in frogs
demonstrated advertisement call differentiation consistent
with the calls serving as pre-mating isolating mechanisms.
However, we find one instance of two species with non-
distinguishable adult morphologies as well as non-distin-
guishable advertisement calls. Presumably, the new in-
stances of sibling species reflect retention of ancestral
adult morphologies and advertisement calls. Larval and
habitat differentiation appear to be important factors in the
speciation processes in this group of frogs.

Ernst Mayr defined sibling species as, “morphologi-
cally similar or identical natural populations that are re-
productively isolated,” in his influential book Animal Spe-
cies and Evolution (Mayr, 1963 : 34). He considered the
phenomenon to be important to understanding the com-
plexity and scope of speciation processes in animals.

Mayr’s concept of sibling species has been docu-
mented in the frog genus Leptodactylus (Barrio, 1973;
Heyer et al., 1996). In these examples, reproductive isola-
tion among sibling species was documented through anal-
ysis of advertisement calls. That is, advertisement calls are
very different from each other among species whose adults
are morphologically identical. Females use the calls to dis-
tinguish and select males of their own species to mate with
in any mixed chorus where sibling species co-occur.

In the process of re-evaluating variation in the Lepto-
dactylus pentadactylus species cluster, we discovered in-
stances of sibling species that do not demonstrate repro-
ductive isolation on the basis of advertisement calls.

' Amphibians and Reptiles, MRC 162, PO Box 37012, Smithsonian Institu-
tion, Washington, DC 20013-7012, USA; E-mail: heyerr@si.edu.

2 Department of Biology, University of Richmond, Richmond, VA 23173,
USA; E-mail: rdesa@richmond.edu.

Herein we summarize the nature of the differentiation in-
volved and discuss the evolutionary implications of our
findings.

MATERIAL AND METHODS

Features for several color patterns, adult morphologi-
cal characters, and measurements were analyzed in terms
of geographic variation for the species currently known as
Leptodactylus knudseni, labyrinthicus, and pentadactylus
(Heyer et al., 2005). These data were used to postulate spe-
cies boundaries for the taxa studied.

Molecular sequence data were obtained for 1807 base
pairs of 12S and 16S mitochondrial rDNA genes using
standard techniques (see Heyer et al., in press). The
sequence data have GenBank accession numbers
AY947855-82. Voucher specimen data are presented in the
Appendix. The sequence data were analyzed with maxi-
mum likelihood and parsimony methods using PAUP*
(Swofford, 1998).

RESULTS AND DISCUSSION

Taxonomic Novelties

In order to discuss the biological implications of our
results it is necessary to give a brief synopsis of some of
our taxonomic findings. A set of specimens from the State
of Para, Brasil identified in collections either as L. knudse-
ni or L. labyrinthicus represent a new species. This new
species will be referred to as the Para species for purposes
of this paper. The taxon currently recognized as L. labyrin-
thicus contains three species: L. labyrinthicus, L. vastus,
and a new species from coastal Venezuela. Herein we use
the available name L. vastus for the taxon occupying
northeastern Brazil (justification in Heyer, in press). The
taxon currently recognized as L. pentadactylus consists of
four species: L. pentadactylus and three new species re-
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Fig. 1. Discriminant function analyses of male measurement data for comparable sets of species of the Leptodactylus pentadactylus species cluster
(left) and the Leptodactylus fuscus group (right). The L. fuscus group species are those that occur together in the Gran Chaco of South America. Note that
the data on the right are more structured than those on the left, for example, there is only a single cloud of points on the left and at least three clouds of
points on the right and the sample confidence ellipses (p = 0.683) are much smaller on the right than the left. There are 6 confidence ellipses on the left
(none for Pacific Ecuador “pentadactylus” with N = 3) and 6 on the right (the ellipses for L. fuscus and L. latinasus are not visible due to small sizes of

ellipses and density of data points).

ferred to herein as Middle American “pentadactylus,” Pa-
cific Colombia “pentadactylus,” and Pacific Ecuador
“pentadactylus.” The status of L. knudseni is unchanged.
We analyzed DNA from all these species except for the
coastal Venezuela and Pacific Colombia “pentadactylus”
species.

Lack of Adult Morphological
and Advertisement Call Differentiation

There is much less morphological differentiation
among members of the L. pentadactylus cluster than found
in other major clades of Leptodactylus studied to date. The
measurement data illustrate the sort of differentiation ex-
hibited by all the adult morphological data (Fig. 1). In par-
ticular, adult morphologies can not distinguish L. knudseni
from Middle American “pentadactylus” nor L. labyrinthi-
cus, L. vastus, and the northern Venezuela species from
each other (Heyer, in press).

The advertisement calls of L. knudseni can not be con-
sistently differentiated from the calls of Middle American
“pentadactylus” (Fig. 2). The calls of these two species are

so similar to those of L. labyrinthicus that it is likely that
females of any of these species would select males of the
wrong species in a mixed chorus should they occur
sympatrically.

Although there is no adult morphological or advertise-
ment call differentiation among certain of the species,
there are other features that are diagnostic. For example,
L. knudseni and Middle American “pentadactylus” differ
from each other in several larval internal buccal cavity
characters as well as juvenile color patterns (Heyer, in
press).

Genetic Relationships

The results of the mitochondrial rDNA gene analyses
are best illustrated by the maximum likelihood bootstrap
tree (Fig. 3) and the comparison of sequence differences
among the samples analyzed (Table 1).

Contrary to expectations based on the morphological
and advertisement call data, neither L. knudseni/Middle
American “pentadactylus” nor L. labyrinthicus/vastus are
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Fig. 2. Wave forms and audiospectrograms of Leptodactylus knudseni (USNM recording 228, cut 1) (left) and Middle American “pentadactylus”
(USNM recording 106, cut 1) (right). The calls have the same duration, structure, and overlapping broadcast frequencies.

sister-species in the molecular cladogram (Fig. 3) that re-
flects their genetic relationships.

Sibling Species in Frogs Revisited

Our study demonstrates additional examples of sibling
species as defined by Mayr (1963) in frogs of the genus
Leptodactylus. Although sibling species in frogs are not
common, they are not unexpected because they have been
documented in several families of frogs. We did expect to
find that advertisement calls of sibling species in frogs
would serve as a reproductive isolating mechanism. Find-
ing sibling species that do not differ in advertisement calls
but demonstrate extensive molecular differentiation has
not been previously reported in frogs that we are aware of.
There are two implications of our findings.

1) Ancestral adult morphologies and advertisement
calls are retained in several species of the L. pentadactylus
cluster. The fact that advertisement calls do not differ
among some species of the L. pentadactylus cluster re-
quires rethinking of the role of advertisement calls in the
speciation processes of frogs.

2) Other factors than adult morphology and advertise-
ment calls play an important role in speciation within the
L. pentadactylus cluster. There is much more larval varia-

tion within the L. pentadactylus cluster than observed in
other major Leptodactylus clades. The variation includes
differentiation in internal buccal cavity morphology, oral
disk morphology, and aquatic versus terrestrial larvae
(Heyer, in press). Habitat differentiation is pronounced
among the species of the L. pentadactylus cluster in gen-
eral and especially in those species lacking differences in
adult morphology or advertisement calls (Heyer, in press).
For example, L. labyrinthicus is closely associated with
the Cerrado Morphoclimatic Domain, L. vastus with the
Caatinga Morphoclimatic Domain, whereas the morpho-
logically similar Para species occurs only within the rain
forests of the Amazonian Equatorial Morphoclimatic Do-
main as defined by Ab’Séaber (1977).

Our study indicates that the role of advertisement calls
in frog speciation processes requires re-evaluation. We
have been able to identify this finding because we ana-
lyzed three different data sets for the same taxa of frogs:
morphological, advertisement call, and genetic. We sus-
pect that additional examples of sibling species lacking
differentiation in advertisement calls will be found in the
future with analyses of variation in morphology, advertise-
ment calls, and molecules simultaneously on the same
taxa.
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TABLE 1. General Time-Reversible Distance Matrix
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INTRODUCTION

The main object of this investigation is the wide
spread spur-thighed tortoise Testudo graeca L. which
mostly inhabit northern Africa but is also present in south-
eastern Europe and has been introduced at several other lo-
cations including Greece and southern Spain. The species
T. graeca includes 7 subspecies (Ananyeva et al., 1998):
T. g. graeca Linnaeus, 1758; T. g. terrestris Forskal, 1775;
T. g. ibera Pallas, 1814; T. g. zarudnyi Nikolsky, 1896;
T. g. nikolskii Chkhikvadze et Tuniyev, 1986; T. g. arme-
niaca Chkhikvadze et Bakradze, 1991; T. g. pallasi Chkhi-
kvadze, 1989.

Two subspecies of 7. graeca are found on the territory
of Russia: 7. g. pallasi (western Caspian Sea coast) and
T. g. nikolskii (northeastern Black Sea coast). There are
many facts concerning the morphological polymorphism
(number of claws on the forelegs, colour of claws, number
and sizes of spurs, structure of carapace scutes) found in
the populations of these subspecies (Kostina and Gali-
chenko, 1998; Leontyeva et al., 1998) but there is no con-
firming evidence for molecular analysis of these subspe-
cies. Now we have study the genetic variability and rela-
tionships of three Testudo species (I, graeca, T. margina-
ta, T. kleinmanni) using RAPD PCR (Williams et al.,
1990). This method has been widely used to determine the
levels of genetic variation within and among populations
and to describe relationships among species.

MATERIAL AND METHODS

Blood samples (100 ml) were taken from 32 individu-
als of 3 species (7. graeca, T. marginata from northern
Greece, T. kleinmanni from Cairo) and 4 subspecies
(T g. pallasi from different regions of Daghestan, 7. g. ni-
kolskii from Novorossiisk region — the northeastern

I Institute of Gene Biology Russian Academy of Sciences, Vavilova str.,
34/5, 119334 Moscow, Russia; E-mail: korsanna@mail.ru.

2 Moscow State University, Department of Vertebrate Zoology, Moscow,
Russia.

3 Moscow Zoo, Moscow, Russia.

4 Daghestan State University, Makhachkala, Russia.

5 Hebrew University of Jerusalem, Rehovot, Israel.

Black Sea coast, 7. g. terrestris from Central Israel,
T g. ibera from Turkey) of the genus Zestudo and from 5
tortoises of Agrionemys horsfieldii (different regions of
Central Asia). Five primers have been used for amplifica-
tion: OPA-17 (5'-GACCGCTTGT-3"), R-45 (5'-GCCGT-
CCGAG-3'), R-65 (5-GGGACGTCTC-3'), SB-2 (5'-
GACGGCCAGTATT-3"), OPT-14 (5'-AATGCCGCAG-
3"). For each RAPD-pattern a 1/0 (the presence/absence
of the amplified bands) matrix was constructed and ana-
lyzed. Genetic distances between individuals were esti-
mated with the coefficient

GD,, = (N, + N):(N, + N, + N,),

where N, and N, is the number of bands present in x or y indi-
viduals, and N,,, is the number of bands shared by x and y in-
dividuals. Statistical support for the branching pattern of the
UPGMA-trees was obtained with the bootstrap method
(1000 replicates) and performed by the program TREECON
FOR WINDOWS (Van de Peer and De Wachter, 1994).

RESULTS AND DISCUSSION

To analyze intrapopulation differentiation of tortoises
from Daghestan DNA samples of 21 7. g. pallasi were ex-
amined. Five primers revealed 180 scorable markers rang-
ing in size from 250 to 1000 bp (Fig. 1). Five specimens of
A. horsfieldii from different regions of Central Asia were
analyzed to compare their genetic polymorphism with that
of discovered in Daghestan population of 7. g. pallasi.
There are two separated clusters on the dendrogramm of
genetic distances with bootstrap values (data are not
shown). The specimens of T g. pallasi form one cluster
which includes tortoises from different regions of Daghe-
stan while the specimens of A. horsfieldii are united in the
other cluster. The minimum and maximum of genetic dis-
tances for the pair of 7" g. pallasi are approximately 0.25
and 0.65, respectively, while the minimum and maximum
of genetic distances for the pair of A. horsfieldii are
approximately 0.25 and 0.45, respectively. It indicates
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Fig. 1. RAPD-patterns of Testudo graeca pallasi (1 —21) and Agrione-
mys horsfieldii (22 — 26) individuals revealed by primer R-45. L, marker
of molecular weights (1 kb Ladder).

the high level of genetic differentiation for T g. pallasi
population.

19 DNA samples of T graeca (13 T g. pallasi, 3
T. g. nikolskii, 2 T. g. ibera, 1 T. g. terrestris), 1 sample of
T. marginata and 1 of T. kleinmanni have been used to test
the genetic relationships between these species. Three
primers (OPA-17, R-65, R-45) revealed 174 markers rang-
ing in size from 250 to 1500 bp. Two main clusters are rep-
resented in Fig. 2. One of them includes 7 marginata and
T. kleinmanni (patterns 20, 21). Previously similar results
have been obtained with mt DNA polymorphic markers
(Van der Kuyl et al., 2002). The second cluster consists of
4 subclusters including 4 subspecies: 7. g. terrestris,
T. g. nikolskii, T. g. ibera, T. g. pallasi. All subclusters
have a significant bootstrap support (68%-99%). It is in-
teresting that specimens of 7. g. nikolskii form one cluster
together with geographically isolated specimens of
T. g. ibera but not with samples from a less remote popula-
tion of 7. g. pallasi.

Thus we found close genetic relationships between
T. g. nikolskii and T g. ibera subspecies that may be ex-
plained by their originating from a common ancestor
group. These subspecies lived in Pliocene on one single
land consisted of the western Black Sea coast, southern
Crimea, eastern Balkans and Middle East. These parts
were united in land Pontida. That is why present herpeto-
fauna of these geographic regions is rather similar.
T g. pallasi originated from the other ancestor group in-
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Fig. 2. UPGMA-tree of genetic distances between specimens of three
Testudo species based on variability of 174 RAPD-markers.

habited Iran’s territory (Inozemtsev and Pereshkolnik,
1987).

CONCLUSIONS

1. The high level of genetic variability in 7. g. pallasi
population were revealed using RAPD PCR analysis.

2. The genetic differentiation of the three studied
groups (T. g. pallasi, T. g. nikolskii, T. g. ibera) based on
RAPD markers does not contradict with the earlier recog-
nition of the three subspecies. It was found that 7. g. nikol-
skii is more closely genetically related to 7. g. ibera than to
T g. pallasi.

3. Two species, T marginata and T. kleinmanni, were
found to be more closely related to each other than to
T. graeca. These RAPD PCR data are in a good agreement
with the differentiation of these species determined by the
mtDNA polymorphic markers (Van der Kuyl et al., 2002).

This research was partly supported by the Russian Founda-
tion for Basic Research (grant No. 02-04-48516) and State
Programm of Integration (grant No. CH0064/885).
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FIRST DATA ON THE GEOGRAPHIC VARIATION OF Emys orbicularis IN UKRAINE:
mtDNA HAPLOTYPES, COLORATION, AND SIZE

T. Kotenko,! O. Zinenko,2 D. Guicking,? H. Sauer-Giirth,> M. Wink,3 and U. Fritz*

Keywords: Emys orbicularis, geographic variation, molecular phylogeography, Ukraine.

INTRODUCTION

Morphological differences between European pond
turtles, Emys orbicularis (Linnaeus, 1758), from the Cri-
mea and of other parts of Ukraine were noted for the first
time by Szczerbak (1966). He stated that Crimean turtles
are reaching a maximum carapacial length of only
160.5 mm and are, therefore, distinctly smaller than in
other regions. Szczerbak (1966) believed that this low
maximum shell length is due to a poorer food supply and
the smaller size of Crimean water bodies compared with
pond turtle habitats in other parts of the range. However,
according to Fritz (1992, 1994), this size difference re-
flects a taxonomic differentiation. Fritz (1992, 1994) at-
tributed the small and light colored pond turtles from the
southern Crimea to the eastern Mediterranean subspecies
Emys orbicularis hellenica (Valenciennes, 1832), whereas
the large, dark specimens from the northern Crimea and
the mainland of Ukraine were thought by him to represent
Emys orbicularis orbicularis (Linnaeus, 1758). Later, in-
vestigations on the mitochondrial phylogeography of
E. orbicularis supported that pond turtles from the Ukrai-
nian mainland represent the nominotypical subspecies.
These specimens share their mtDNA haplotype with
E. o. orbicularis from most other northern parts of the spe-
cies’ range (Lenk et al., 1999). However, until now no
mtDNA data have been available for Crimean E. orbicula-
ris. Moreover, Fritz’s (1992, 1994) taxonomic allocation
of Crimean pond turtles was based on only few specimens
as Ukrainian E. orbicularis are rare in Central European
museum collections. Thus, also additional morphological
data are in dire need. Here we present new data on size,
coloration, and the molecular phylogeography of E. orbi-
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cularis in Ukraine and focus on the status of Crimean
populations.

MATERIAL AND METHODS

Turtles for this study were collected during our field
trips in Ukraine and its Autonomous Republic of Crimea
in 1974, 1979, and 2000 —2003. Additional specimens
were studied from the following museum collections: Na-
tional Museum of Natural History (National Academy of
Sciences of Ukraine, Kiev, Ukraine), Museum of Nature
(Kharkov National Karazin University, Kharkov, Ukraine),
and Museum fiir Tierkunde (Dresden, Germany). Among
these museum specimens are pond turtles from the Dnepr
Delta, Luchyste, Sovet’skyi, and the Kerch Peninsula
which were collected in the early 1960’s, mainly by N. N.
Szczerbak and V. A. Sedov. 152 adult and 51 juvenile tur-
tles from 15 localities, representing 10 populations, were
measured with a caliper to the nearest 0.1 mm and their
color and pattern were recorded (Table 1, Fig. 1). During
field work, blood samples for genetic investigations were
obtained by coccygeal vein puncture (Haskell and Pokras,
1994). Samples were stored as described in Arctander
(1988). Total genomic DNA was extracted following stan-
dard proteinase K and phenol-chloroform protocols (Sam-
brook et al., 1989). PCR and sequencing are explained in
detail in Lenk et al. (1999). We define haplotypes accord-
ing to individual mtDNA sequences (Lenk et al., 1999).
Haplotype and haplotype lineage nomenclature follows
Lenk et al. (1999) and Fritz et al. (in press).

We sequenced a 1031 bp portion of the mitochondrial
cytochrome b gene for 33 specimens as given in Table 1.
Of the 1031 aligned sites, 69 are variable. 63 substitutions
are transitions, and six are transversions; 41 sites are parsi-
mony informative. 13 sites are variable at the first, eight at
the second, and 48 at the third codon position. For each se-
quence, variable sites were checked individually to pre-
vent errors from wrong sequencer output. We calculated a
minimum spanning network with the program Arlequin
(Schneider et al., 2000), in which all Emys orbicularis
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TABLE 1. Studied Emys orbicularis Populations, Straight Line Carapacial Lengths (SCL, only adults) and mtDNA Haplotypes

] SCL, mm mtDNA

Population Sex n — - haplotynes

mean minimum maximum plotyp:
Desna River (4, Litochky, 2001) Females 2 - 176.0 1825 la(n=2)
Merla River (B, Kolontayiv, 2001; C, Volodymyrivs’ke Forestry, 1975, Males 2 - 145.5 1545 Ta(n=2, Kolontayiv);
and Gorodne, 2001) Females 7 1682 1550 178.0 la, Ih(n=2, Gorodne)
Mzha River (D, Merefa, 2001, 2003) Females 9 170.0 156.0 1885 Ta(n=1)
Siverskii Donets River (E, Gaidary, Koropovo, Gomol’sha, and Cherkas’- Males 1 - 175.0
kyi Byshkyn, 2002; F, Balakleya, 2003, and Sezonna, 1969; G, Izyum, 2001)  pemales 11 1759 1455 1950 [2(=1 Izyum)
Siverskii Donets River (H, Levkivka, Lysogirka, and Chervonyi Donets’, Males 44 160.0 126.0 171.0 -
1990 - 1993) (Lyamzin, 1993) Females 43 1750  160.0  200.0
Siverskii Donets River, Males 45 160.3 126.0 175.0
total (localities E — H) Females 54 1752 1455 2000 20771 Tayum)
Dnepr Delta (J, Gerois’ke, 1960’s, 1979, 2000; K, Rybal’che and Vyno- Males 10 145.9 112.9 173.5  Ta(n =15, Gerois’ke);
gradne, 1974, 1979 and 2000; L, Gola Prystan’, 1974) Females 33 166.4 143.5 189.5 la(n =1, Vynogradne)
Northern Crimea (M, Dzhankoi, 2000) Males 1 - 165.6 le(n=1)
East Sivash Region, Crimea Males 20 127.3 113.4 137.0 -
(N, Sovet'skyi, 1961, 1962) Females 9 1385 1225 1536
Crimean Mountains (O, Luchyste, 1961, 2000, 2001) Males 16 127.9 112.9 137.1 e (n = 4)
Females 15 131.9 113.4 154.2
Kerch Peninsula, Crimea (P, El’tigen, 2001) Males 6 138.6 135.3 140.7  Ic(n=1);
Females 6 1585 1475 1725 li(n=3)

Kerch Peninsula, Crimea (Q, Kerch, 1961) Females 4 141.0 134.5 149.3 -
Crimea (mainly Luchyste, Sovet’skyi, and Kerch) Both 30 B B 160.5 _

(Szczerbak, 1966)

sexes

Collection dates (years) are given for all localities; specimens collected prior to 2000 are mainly museum vouchers, others have been released after
study. Letters preceding localities refer to Fig. 1. For the Siverskii Donets population (locality H) and the Crimea, literature data are added.

mtDNA haplotypes identified until now have been in-
cluded (Fritz et al., in press) to demonstrate how the
Ukrainian haplotypes are related.

RESULTS

Crimean Emys orbicularis (East Sivash Region,
Crimean Mountains, Kerch Peninsula) are on average
smaller than European pond turtles from the Dnepr Delta
and more northerly Ukrainian localities. However, a male
from Dzhankoi (northern Crimea) and some females from
El'tigen (Kerch Peninsula) are of medium to large size
(Table 1). They exceed the previously recorded maximum
size of 160.5 mm for Crimean E. orbicularis (Szczerbak,
1966). All specimens from Luchyste, Sovet’skyi, and
Kerch are distinctly lighter colored than the turtles from all
other Ukrainian localities. These light colored turtles pos-
sess mainly yellow plastra and throats. Moreover, the pri-
mary carapacial color of many specimens from Sovet’skyi
and of some turtles from Luchyste and Kerch is yellowish
brown or smoky brown instead of black. The iris color-
ation of an adult male from Luchyste is yellow (the other
males from Luchyste, Sovet’skyi, and Kerch are museum

specimens so that the iris coloration could not be studied).
Similar coloration characters are also known to occur in E.
0. hellenica from the Balkans, which is also similar in size
(Fritz, 2003).

Remarkably, pond turtles from Kerch Peninsula show
considerable variation. Specimens from Kerch (Fig. 1, lo-
cality Q) in the holdings of the National Museum of Natu-
ral History (Kiev, Ukraine) and the Museum fiir Tierkunde
(Dresden, Germany), collected in 1961, resemble in color-
ation and size turtles from Luchyste and Sovet’skyi. How-
ever, turtles captured in 2001 near Kerch, in El’tigen
(Fig. 1, locality P), are larger and darker colored. Their
shell and soft part coloration resembles Dnepr Delta tur-
tles or other specimens of E. o. orbicularis; the iris color-
ation of adult males is brick-red, orange, or red-brown, as
characteristic for E. o. orbicularis.

At the remote locality Luchyste in the Crimean Moun-
tains we found in 2000 and 2001 light colored, small tur-
tles, which are morphologically in good agreement with
the old museum specimens from there. Unfortunately, we
are not sure about the current situation at Sovet’skyi. All
studied turtles from Sovet’skyi are museum specimens
collected in 1961 and 1962. The only male from Dzhan-
koi, studied in 2000, is very dark colored, has a reddish iris
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mtDNA halotypes in Emys orbicularis
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Fig. 1. Localities and mtDNA haplotypes (n = 33) for Emys orbicularis
in Ukraine. Localities represented by asterisks were not studied geneti-
cally. Letters of localities refer to Table 1, numbers by the letters or sym-
bols refer to the number of specimens bearing this haplotype.

and is indistinguishable from E. o. orbicularis from more
northerly regions.

Regarding genetics, we identified five different
mtDNA haplotypes in Ukraine (Fig. 1). All haplotypes be-
long to lineage I of Lenk et al. (1999). In the Crimean
Mountains and on the Crimean Kerch Peninsula the most
differentiated haplotypes were detected (Ic, Ii). They differ
by three to five mutation steps from the haplotypes found
in the northern steppe part of the Crimea and on the Ukrai-
nian mainland (Fig. 2).

DISCUSSION

In this paper we confirm that turtles from some Cri-
mean localities resemble Emys orbicularis hellenica from
the Balkans morphologically. However, in no case mtDNA
haplotypes of lineage IV have been recorded in the Cri-
mea. This lineage is characteristic for E. o. hellenica
(Lenk et al., 1999; Fritz, 2001, 2003). Although we cannot
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Fig. 2. Minimum spanning network of all 44 known Emys orbicularis
mtDNA haplotypes (modified from Fritz et al., in press). Each line repre-
sents a single mutation step, missing haplotypes are presented by open
circles. Gray boxes indicate haplotypes found in Ukrainian samples.

exclude that this finding is due to a loss of lineage IV
haplotypes during a former genetic bottleneck, the current
data set argues rather for an independently acquired
morphological similarity of Crimean and Balkanic pond
turtles.

In the south of Ukraine a much higher mtDNA haplo-
type diversity occurs than in the north. This reflects surely
a rapid postglacial range expansion of E. orbicularis. A
similar situation is found in many other taxa displaying the
same long distance dispersal pattern (e.g., Hewitt, 1996,
2001; Taberlet et al., 1998; Cruzan and Templeton, 2000).

However, we are not sure that a glacial refugium for
haplotype Ia turtles was located on the Crimea. Today,
haplotype Ia is known from the Ukrainian mainland, Po-
land, Lithuania, northern Russia, Kazakhstan, the south-
eastern Balkans, and Turkey (Fritz et al., in press). It corre-
sponds mainly to large, dark pond turtles. The distribution
of haplotype Ia agrees well with the range of the nomino-
typical subspecies E. o. orbicularis (Lenk et al., 1999;
Fritz, 2003). The mtDNA haplotypes (Ic, Ii) of the Cri-
mean Mountains and the Kerch Peninsula differ from the
haplotypes found in the Dnepr Delta (Ia) and from more
northerly localities in Ukraine (Ia, Th; Fig. 2). This differ-
entiation is also paralleled by a morphological gap in size
and coloration of turtles from the Dnepr Delta vs. the Cri-
mean Mountains (Luchyste) plus old museum specimens
from the Crimean localities Sovet’skyi and Kerch.



46 Herpetologia Petropolitana, Ananjeva N. and Tsinenko O. (eds.), pp. 43 — 46

Haplotype Ia and its rare variant Ih have been not re-
corded in the Crimea until now, but the closely related
haplotype le. However, the turtle bearing haplotype Ie
originated from a locality in the northern steppe zone of
the Crimea (Dzhankoi). This area has been connected with
the Dnepr by the construction of the North Crimean Canal
in the late 1960’s. The museum specimens from the Kerch
Peninsula, collected in 1961, differ morphologically from
the turtles studied by us forty years later there. The North
Crimean Canal was extended to the Kerch Peninsula
around 1975. Thus, it might be that northern E. o. orbicu-
laris bearing haplotype Ie (and probably Ia) are recent in-
vaders, which perhaps already genetically impacted the
Kerch Peninsula population. If this hypothesis is correct,
the survival of native Crimean turtles is seriously threat-
ened by the current immigration of the Dnepr turtles.

It is obvious that we need further research to under-
stand the diversity of Ukrainian E. orbicularis better. This
will be the prerequisite for developing any effective con-
servation measures.
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Zootoca vivipara (EVOLUTION, BIOGEOGRAPHY)
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INTRODUCTION

The wideranged Euroasian species Zoofoca vivipara
(family Lacertidae) is a rare species, possessing transpale-
arctic distribution from the Pyrenees up to the archipelago
of the Sea of Japan. A further very important feature is that
Zootoca vivipara has two reproductive modes in different
populations. Primitive oviparous populations inhabit west-
ern Europe (the Pyrenees region and the south-eastern
central Europe), whereas advanced viviparous populations
occur in the other part of the distribution range.

Karyological investigations of Zootoca vivipara from
many geographically distant populations have shown that
the species is characterized by differences in the diploid
number [2n=236/36 in both sexes or 36 (male)/35
(female)]; in the system of sex chromosomes (ZW or
Z,7Z, W) and in the types and structure of W sex chromo-
some (Kupriyanova, 1990, 1997; Odierna et al., 1993).

Morphological differentiation of the populations is
poorly pronounced because only four subspecies are rec-
ognized: Z. v. vivipara, Z. v. carniolica, Z. v. sakhalinensis
(nomen nudum), and Z. v. pannonica.

Modern cytogenetical studies have revealed five struc-
tures of karyotypes among ovi- and viviparous popula-
tions of Z. vivipara from different geographic ranges.

KARYOTYPE VARIATIONS

One type is the karyotype for specimens from primi-
tive oviparous populations of new genetically described
subspecies Z. v. carniolica (Mayer et al., 2000) from Slo-
venia. 2n = 36A (acrocentric) (male)/36A female, system

Department of Karyotaxonomy, Zoological Institute, Russian Academy of
Sciences, Universitetskaya nab., 1, 199034 St. Petersburg, Russia;
E-mail: Vladimir@VZ8122.spb.edu.

Dipartimento di Biologia evolutiva e comparata, Universita di Napoly
“Federico II,” I-80100 Napoli, Italy; E-mail: Gaetano.Odierna@unina.it.
Istituto di Biologia e Genetica, Universita Politecnica delle Marche, Via
Brecce Bianche, 1-60131 Ancona, Italy.

[§)

w

of sex chromosomes is ZW, where W is fully heterochro-
matic micro chromosome (w). All autosomes have tiny
centromeric heterochromatic C-bands. W-sex chromo-
some arose as a result of deletion of a primitive acrocentric
macrochromosome W (Odierna et al., 2001). Thus, karyo-
logical data obtained have confirmed the status of new
subspecies. The karyotype structure is sharply different
from that of other oviparous and viviparous populations of
Z. vivipara.

The next two cytotypes are for specimens from ovipa-
rous populations of Z. v. vivipara from the Pyrenees region
(Kupriyanova and Bohme, 1997; Odierna et al., 1998).
2n=36A (male)/35A (female), system of sex chromo-
somes is Z; Z, W. Autosomes and acrocentric macro-W,
or subtelocentric W z-sex chromosomes have tiny hetero-
chromatic C-bands. Acrocentric macro-W,, chromosome
has arisen as a result of tandem fusion of auto- and macro
W-sex chromosome (“Pyrenean” form). Its karyotype cha-
racteristics in sex- and autosomes suggest a higher rank of
this form (Odierna et al., 1998).

Two other karyotype structures were found in speci-
mens of advanced viviparous forms of Z. v. vivipara from
different localities, the first one from central and eastern
Europe and Asia and the second from central and western
Europe. The former have the same karyotype structure like
that of the “Pyrenean” form. 2n =36A (male)/35A (fe-
male) with Z; Z, W system of sex chromosomes and acro-
centric/subtelocentric type of W,-sex chromosome (Ku-
priyanova, 1990). However, unlike the “Pyrenean” form
most of chromosomes, including W,-sex chromosome of
these specimens possess considerable heterochromatic C-
bands (“Russian/eastern” form). Therefore the mecha-
nism of chromosome changes is heterochromatinization
events.

One more karyotype was discovered for specimens of
advanced viviparous forms of Z. v. vivipara from central
and western Europe. 2n = 36A (male)/35A (female) with
Z,Z, W system of sex chromosomes and meta-/submelo-
centric type of W;-sex chromosome (Chevalier et al.,
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1979; Kupriyanova, 1990; Odierna et al., 1993). Metacen-
tric W5-sex chromosome arose as a result of pericentric in-
version of acrocentric sex chromosome. This karyotype
has also intensive heterochromatin C-bands in sex chro-
mosome and autosomes (“western” form).

The mechanisms and steps of chromosomal changes
of sex chromosomes in the evolution of Zootoca vivipara
are as follows: deletion, tandem fusion, heterochromatini-
zation event, and pericentric inversion.

Viviparous specimens of Z. vivipara from Sakhalin Is-
land, geographically belonging to Z. v. sakhalinensis (no-
men nudum), differed neither by the karyotype (Kupri-
yanova and Béhme, 1997) nor by haplotype (Mayer and
Bohme, 2000) from the “Russian/eastern” form of Z. v. vi-
vipara. Therefore these specimens should be considered as
Z. v. vivipara.

The karyotype of viviparous specimens of Z. v. panno-
nica from Austria did not also differ from that of the “Rus-
sian/eastern” form of Z. v. vivipara (Kupriyanova and
Bohme, 1997). Recent cytogenetical investigations have
revealed one other karyotype structure in the subspecies
(Odierna et al., 2004). Therefore the question about valid-
ity of Z. v. pannonica should be revised.

Sympatry, hybrid or contact zones between different
chromosomal forms and subspecies have not been found.
From the karyological data all of them appear to have dis-
tinct distribution range. However it becomes clear that
karyologically Z. vivipara constitutes a mosaic of popula-
tions.

As a result of cytogenetical research three chromo-
somal forms of Z. v. vivipara have been described. Re-
cently one more new chromosomal form has been discov-
ered (Odierna and Kupriyanova, in press). Thus, Z. vivipa-
ra represents karyologically a complex, including subspe-
cies Z. v. carniolica and several chromosomal forms of
Z. v. vivipara. These studies have shown that the forms
have their own distinct distribution ranges; both primitive
oviparous “Pyrenean” form Z. v. vivipara and Z. v. carnio-
lica are characterized by narrow ranges, whereas both ad-
vanced viviparous forms of Z. v. vivipara possess wide
ranges.

GENETIC VARIATIONS

Analyses for 12S rRNA and cytochrome b genes of
Z. vivipara have shown geographic variation in their ha-
plotypes (Surget-Groba et al., 2001). Five clusters mainly
correlating with the karyotype’s groups have been
observed.

From the allozyme analysis a mean genetic distance,
e.g., between oviparous and viviparous populations from
the Pyrenees region and between the former and those
from the Balkanic region are short. Nei’s index between
the populations are 0.12 (Bea et al., 1990) and 0.102 (Guil-
laume et al., 1997). These values do not appear to reach
the species rank. The laboratory cross experiments be-
tween oviparous and viviparous specimens produced some
vital hatchlings and demonstrated incomplete reproduc-
tive isolation (Heulin et al, 1989; Arrayaco et al., 1996).

EVOLUTION IN THE COMPLEX

All the characteristics listed give a rare possibility to
use the species as a model for studying some general evo-
lutionary and biogeographic questions.

Evidently karyological differentiation in the complex
is high. Chromosomal rearrangements accompany the ac-
tive form-formation and subspeciation processes. Steps
and mechanisms of these changes in the evolution of the
species have been suggested (Kuprianova, 1990; 1997;
Odierna et al 1993; 1998; 2001; Surget-Groba et al.,
2001). These are deletion, tandem fusion, heterochromati-
nization events, and pericentric inversion. It becomes clear
that karyotype features may serve as a good marker for the
identification of different populations of Z. vivipara in the
complex.

All these facts argue the significance of cytogenetical
data for the understanding of the evolution, phylogeny and
biogeography in the complex. Investigations of new mark-
ers of W-sex and autosomes of the species may provide
more detailed information on their structure. Karyological
and different comparative staining analyses of C-band-
ing/CMA,/DAPI may elucidate in detail the evolutionary
steps and a possible role of chromosomal changes in the
process of form-formation and subspeciation.

Therefore this paper presents for the first results of
karyotype and cytogenetical analyses of specimens of
Z. vivipara from three earlier unstudied geographically
distant populations. In the paper we discuss the biogeo-
graphy and evolutionary problems and possible modes of
form-formation and subspeciation in the complex.

MATERIAL AND METHODS

Nine lizards of Z. vivipara (8 females and 1 male)
from the upper part of the Eastern Carpathian Great Ridge
(Transcarpathian region, Ukraine) and eleven lizards of
Z. vivipara from Leningrad (4 females and 1 male) and
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Fig. 1. Metaphases of blood cells of females Zootoca vivipara. 2n =35 (population No. 1). A, C-banded karyotype with submetacentric (SV) W5-sex
chromosome showing three (one centromeric and two telomerics) heterochromatic C-bands, “western” form of Zootoca vivipara vivipara;
B, Chromomycin Aj stained karyotype showing weak telomeric C-bands of NO regions of two chromosomes; C, DAPI stained karyotype, showing
centromeric and one telomeric C-bands of W3-sex chromosome and centromeric C-bands of some autosomes of Zootoca v. vivipara.

Pskov (5 females and 1 male) regions, Russia were col-
lected. For clarifying mode of reproduction some females
were kept in terrarium up to hatching of offspring.
C-banding was carried out according to Sumner’s
method (Sumner, 1972), fluorochrome staining (chromo-
mycin Ay and DAPI according to Schmid and Guttembach
method (Schmid and Guttembach, 1988); digestions with
endonucleases Alul (Mezzanotte et al., 1983).

RESULTS AND DISCUSSION

Males of Z. vivipara from these populations had 36
acrocentric chromosomes.

Observations in a terrarium have shown that all speci-
mens belong to advanced viviparous forms.

Karyotype Structure
and Identification of Populations

Females of Z. vivipara from the Carpathian region
(population No. 1) had 35 chromosomes with Z Z W sys-
tem of sex chromosomes and biarmed meta (V)/submeta-
centric (SV) W;-sex chromosome.

Most of autosomes and W; chromosome possessed
conspicuous centromeric C-bands. Autosomes had thin
telomeric C-bands whereas W; chromosome displayed
two intensive telomeric C-bands (Fig. 1A).

Telomeric C-bands of the NORs bearing chromo-
somes were weakly stained with GC-specific fluoro-
chrome chromomycin A; (Fig. 1B). Centromeric and one
telomeric C-bands of the sex chromosome were weakly
stained with AT specific fluorochrome DAPI (Fig. 1C).
After treatment with endonuclease Alul, only the centro-

meric bands of the autosomes and a single band of W;
chromosome persisted.

From these chromosome markers the specimens of
Z. vivipara from population No. 1 appeared to be similar
to those of specimens belonging to the “western” form of
Z. v. vivipara from the Trento Alps (Odierna et al., 1998).
Therefore examined viviparous lizards from the Carpath-
ian region belong to the “western” form of subspecies
Z. v. vivipara.

The karyotype of females of Z. vivipara from north-
western region of Russia (populations Nos. 2 and 3) had
2n =35A, with Z Z W system of sex chromosomes. W sex
chromosome was uniarmed acrocentric(A)/subtelocentric
(ST) W,. Most of autosomes and W, chromosome pos-
sessed conspicuous centromeric and telomeric C-bands.
Additionally W, sex chromosome has interstitial C-band
(Fig. 2A). From these chromosome markers these speci-
mens of Z. vivipara from populations Nos. 2 and 3 belong
to the “Russian/eastern” form of Z. v. vivipara.

It follows that the cytogenetical data are good markers
for identification of populations of Z. vivipara throughout
the distribution range.

Telomeric C-bands of the NORs bearing chromo-
somes were intensively stained with GC-specific fluoro-
chrome chromomycin A; (Fig. 2B). Centromeric C-bands
of some autosomes, centromeric and interstitial C-bands
of the W, sex chromosome were intensively stained with
AT specific fluorochrome DAPI (Fig. 2C). Unlike W;-sex
chromosome of “western” form after treatment with endo-
nuclease Alul, the centromeric and interstitial bands of
W, chromosome were resistant.
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Fig. 2. Metaphases of blood cells of females Zootoca vivipara. 2n = 35 (populations Nos. 2 and 3). A, C-banded karyotype with acrocentric (A) W,-sex
chromosome showing three (centromeric, telomeric and interstitial) heterochromatic C-bands (“Russian/eastern” form of Zootoca vivipara vivipara);
B, Chromomycin A stained karyotype showing intensive telomeric C-bands of NO regions; C, DAPI stained karyotype showing centromeric and inter-

stitial C-bands of W,.

Chromosomal Reorganization
in the Evolution of Z. vivipara

Comparative analyses have revealed that two cytoge-
netic characteristics of the “Russian/eastern” form are the
same as those found by Odierna and his coauthors (Odier-
na et al., 1998) in the “pyrenean” form. They are: 1. inten-
sively stained with GC-specific fluorochrome chromomy-
cin A; telomeric C-bands of the NORs bearing chromo-
somes; 2. intensively stained with AT specific fluoro-
chrome DAPI centromeric C-bands of some autosomes,
centromeric and interstitial C-bands of the W,-sex chro-
mosome.

By contrast, specimens of the “western ” form dis-
played other cytogenetical markers.

1. Weakly stained with chromomycin A; telomeric
C-bands of the NORs bearing chromosomes.

2. Weakly stained with DAPI centromeric and
telomeric C-bands of W5 chromosome.

Thus, cytogenetical data obtained again argue that in-
tensive karyotype reorganization accompany active form-
formation and subspeciation in the evolution of Z. vivipa-
ra. As has been mentioned above, the karyotypes of both
primitive “Pyrenean” form and subspecies Z. v. carniolica
are characterized by low amount of heterochromatine and
by narrow range. In contrast, both advanced the “Rus-
sian/eastern” and “western” forms of Z. v. vivipara with
wide range possess a considerable amount of heterochro-
matine in their karyotype. These data suggest that the lat-
ter karyotype is evolutionarily plastic (Kupriyanova and
Odierna, 2002). Cytogenetical results obtained seem to be
inconsistent with the hypothesis (Heulin et. al., 1993) for
arising of advanced viviparous form in some region of
eastern Europe because primitive oviparous forms have

been observed neither in this region nor in sourth-eastern
populations of Russia yet. Advanced viviparous “Rus-
sian/eastern” form of Z. v. vivipara inhabits this region
(Kupriyanova et al., 2003), whereas “western” form of
Z. v. vivipara lives in central and western Europe. How-
ever “western” form has recently been karyologically
found in north-western region of Russia. Both these forms
and oviparous Z. v. carniolica differing in karyotype struc-
ture live in central Europe.

Our data again confirm the assumption (Kupriyanova
and Béhme, 1997; Surget-Groba et al., 2001) that the Car-
pathian basin may be considered as a center of form-
formation and subspeciation of Z. vivipara. The Baltic ba-
sin is a zone of a secondary contact of two forms (Kupriya-
nova, 1997, 2004). Karyologically Z. vivipara constitutes
a mosaic of populations inhabiting different European and
Asian countries. Conservation of some of these popula-
tions is needed (Odierna et al., 2004; Kupriyanova, 2004).

Chromosomes and Modes
of Form-Formation and Subspeciation

In connection with the facts established a question of
possible modes form-formation and subspeciation in the
evolution of this wideranged Euroasian species arises.

These several morphologically no diagnostic criptic
forms of Z. v. vivipara have some serious karyotype’s and
to a lesser extent haplotype’s differences.

The model of allopatric differentiation is associated
with climatic changes. The Pleistocene glaciation could
have caused the separation of the original population into
two (or more) groups. All populations examined are allo-
patric or parapatric. No sympatry, hybrid or contact zones
have been found.
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Modern cytogenetical data show that rearrangement of
chromosomes may represent a powerful mechanism for
reproductive isolation. For instance, karyological varia-
tions in the complex Lacerta kulzeri support the King’s
model of chromosomal primary allopatry (in den Bosch
et al., 2003).

Alterations in morphology and/or heterochromatin
content of sex chromosomes are known to have a negative
impact on hybrid fertility in some rodents (Lyapunova
et al., 1990).

We found two the same molecular markers of chromo-
somes of the primitive “Pyrenean” form and of the ad-
vanced “Russian/eastern” form of Z. v. vivipara. Interest-
ingly, the shape and heterochromatin distribution of W
chromosome of these two forms are very similar (Odierna
et al., 1998, 2001) and furthermore the adaptive value of
viviparity has been showed in this lizard (Odierna et al.,
2004). These data obtained allow us to consider another
scenario. They may suggest that chromosomal reorganiza-
tion could have accompanied colonization and adaptive
radiation events.

The next tasks to be investigated are:

Summarizing we would like to emphasize that now we
have different information about Z. vivipara complex but
it is still not enough for understanding the situation. Fur-
ther international cytogenetical researches of this wide-
ranged Euroasian species should attempt to clarify and to
test several aspects of the process of form-formation and
subspeciation and biogeography in order to

1. karyologically to identify a larger number of popu-
lations to determine the quantity of different forms and
subspecies and to clarify their distribution range;

2. to protect or to conservate some rare populations or
those of them with narrow range;

3. to find new molecular markers of chromosomes of
these criptic forms and subspecies using modern tech-
niques;

4. to precise in situ localization of specific (sex
linked) genes;

5. to resolve the questions about taxonomic status and
phylogenetic relationships of discovered chromosomal
forms of Z. v. vivipara.
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MORPHOLOGICAL VARIATION IN TWO CRYPTIC FORMS
OF THE COMMON SPADEFOOT TOAD (Pelobates fuscus)

FROM EASTERN EUROPE

G. A. Lada,! L. J. Borkin,! and S. N. Litvinchuk?

Keywords: Pelobates fuscus, Anura, cryptic speciation, morphometrics, coloration.

INTRODUCTION

According to the nuclear DNA content measured by
means of flow cytometry, two forms of Pelobates fuscus in
eastern Europe were recognized: the “western” form with
smaller genome size and the “eastern” form with larger ge-
nome size (Barabanov et al., 1998; Borkin et al., 2001a,
2001b, 2003a, 2003b). The existence of the two forms was
confirmed by allozyme analysis (Borkin et al., 2001a,
2003b; Khalturin et al., 2003). Apart from biochemical
characters, we studied morphological variation in the
western and the eastern forms of P. fuscus.

MATERIAL AND METHODS

Three hundred and nineteen adult specimens (178
males and 141 females) from 68 localities in Russia (47),
Ukraine (14), Belarus’ (4), Moldova (2), and Latvia (1)
were used in the study. 228 specimens were allocated to
the western or the eastern form by DNA flow cytometry
(Borkin et al., 2001b). The remaining spadefoot toads
were assigned to either forms on the basis of their locali-
ties. Samples from the same physical geographical regions
were united together (Fig. 1).

Thirteen standard morphometric measurements (Te-
rentjev and Chernov, 1949; Terentjev, 1950) were taken on
each specimen’s right side using a digital caliper (to the
nearest 0.1 mm). Nineteen ratios expressed various body
proportions were calculated and analyzed.

Dorsal coloration patterns of 307 specimens of P. fus-
cus were examined (we failed to identify coloration pat-
terns in others specimens because of inadequate fixation).
Frequencies of various kinds of five obvious elements of
dorsal patterns were analyzed. These were the light medial
stripe, light lateral stripes, the connection between medial

I' Zoological Institute, Russian Academy of Sciences, Universitetskaya nab. 1,
199034 St. Petersburg, Russia;
E-mail: esculenta@mail.ru, borkin@spass-sci.spb.ru.
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and lateral stripes, the dark stripe between eyes, and its
connection with dark dorsal zones (Fig. 2).

Canonical discriminant analysis and standard statisti-
cal parameters (mean, SD, min— max, Kolmogorov —
Smirnov’s test) were used to treat obtained data.

RESULTS

Linear parameters. 294 specimens grouping in 35
samples were studied. Minimum sample size contained
three specimens. Canonical discriminant analysis was ap-
plied (Fig.3). Samples of the western and the eastern
types formed two groups in terms of external morphology.

@ Western form
O Eastern form

Fig. 1. Locality numbers of samples of Pelobates fuscus: 1, Moldova;
2, Odessa Oblast’; 3, Kiev Oblast’; 4, Chernigov Oblast’; 5, Sumy Ob-
last’; 6, Brest Oblast’; 7, Minsk Oblast’; 8, Gomel’ Oblast’; 9, Latvia;
10, Pskov Oblast’; 1/, Leningradskaya Oblast’; /2, Yaroslavl’ Oblast’;
13, Moscow Oblast’; /4, Tula Oblast’; /5, Kharkov Oblast’; /6, Belgo-
rod Oblast’; /7, Voronezh Oblast’; /8, Lipetsk Oblast’; /9, Tambov
Oblast’; 20, Saratov Oblast’; 2/, Ryazan Oblast’; 22, Nizhegorodskaya
Oblast’; 23, Mordovia; 24, Chuvashia; 25, Udmurtia; 26, Bashkortostan;
27, Ul’yanovsk Oblast’; 28, Samara Oblast’; 29, Astrakhan Oblast’;
30, Kalmykia.
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Fig. 2. Variants of 5 elements of the dorsal pattern of Pelobates fuscus:

A, light medial stripe; B, light lateral stripes; AB, connection between A

and B; C, dark stripe between eyes; C’, connection between C and dark
dorsal zones.

Small overlapping was associated with specimens of the
western type from Odessa Oblast’ (males), Leningrad-
skaya Oblast’ (both sexes), Kiev Oblast’ (females), and
with specimens of the eastern type from Ul’yanovsk
Oblast’ (males), Tambov Oblast’ (both sexes), and Kalmy-
kia (females). Totally the overlapping included 21% of all
specimens under the study. Thus, the majority of samples
belonged to either form of P, fuscus were separated.
Ratios. The comparison of the western and the eastern
forms showed significant differences between means
of seven ratios for males and females, respectively,
Lt.c./Sp.n., Sp.oc./Sp.n., Sp.p./Sp.n. in particular (Table 1).
These three most important ratios included the linear pa-
rameter Sp.n. (the distance between nostrils). According
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Fig. 3. Plot of populations centroids for males and females of two cryp-
tic forms of Pelobates fuscus in the space of first and second canonical
axes (CAN). Sample numbers the same as in Fig. 1. Males of western
form males of eastern form; females of western form females of eastern
form. O, Males of western type; A, females of western type; @, males
of eastern type; A, females of eastern type.

to Tables 2 — 4, the western form as a whole was character-
ized by greater distance between nostrils. However, the
ranges of three ratios in two forms of P. fuscus markedly
overlapped. Moreover, significant differences between
populations within each form were observed. Moreover,
sometimes, differences between two samples of the same
type (for instance, between males from Saratov and Ul’ya-
novsk Oblast’s) can reach the level of differences between
total samples of these forms.

Sexual dimorphism. Among 20 characters, only three
ratios (L./L.c., L./D.r.0., and D.r.0./Sp.n.) showed signifi-
cant differences between males and females of the western
form of P. fuscus (Table 5). The sexual dimorphism seems
to be more expressed in the eastern form because signifi-
cant differences were found in eight characters.

Coloration pattern. Significant differences in the fre-
quency of seven variants (especially light lateral stripes
and dark stripe between eyes) were found between two
cryptic forms of P. fuscus. Frequencies of various kinds of
light lateral stripes and dark stripe between eyes are dem-
onstrated in Table 6. The largest differences were revealed
in variants B, B, as well as in two variants of C. However,

TABLE 1. The Significant Level of Differences in Morphometric Characters Between Two Forms of Pelobates fiiscus

Sex L. L./T. L./D.p. L./L.c. L./D.ro. F./T. T./D.p. D.p./C.i. L.c./Lte.  L.c./Duro.
Males n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. 0.001
Females n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. 0.01
Sex L.c./Lo. Lte./Sp.oc. Ltc./Sp.p. Ltc./Spn.  Sp.oc./Sp.p. Sp.oc./Sp.n. Sp.oc./D.ro. Ltp./Sp.p. Sp.p./Spn. D.ro./Sp.n.
Males n.s. 0.01 n.s. 0.001 0.001 0.001 n.s. 0.001 n.s.
Females n.s. n.s. n.s. 0.001 0.001 0.01 n.s. 0.001 0.01

Note. n.s., non significant, p < 0.05, p <0.01, p <0.001.
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TABLE 2. The Ratio Lt.c./Sp.n. of Various Samples of Two Forms of Pelobates fuscus
Males Females
Samples
n Mean SD Range n Mean SD Range
The “Western” Type
Sumy 8 4.48 0.33 4.11-5.10 7 4.44 0.21 4.17-4.74
Gomel’ 6 4.60 0.25 4.17-4.90 — — — —
Pskov 6 4.10 0.25 3.71-4.38 11 4.13 0.25 3.61-443
Total 44 4.42 0.39 3.27-5.29 40 431 0.42 3.61-6.15
The “Eastern” Type
Voronezh 19 4.68 0.21 436-5.29 9 451 0.21 4.33-5.33
Tambov 19 4.48 0.23 3.98-4.97 13 451 0.43 3.32-5.11
Saratov 15 4.97 0.49 3.72-5.75 — — — —
Ryazan 11 4.67 0.26 4.28-5.13 — — — —
Mordovia — — — — 13 4.49 0.17 4.22-4.83
Udmurtia 19 4.86 0.33 421-548 16 4.70 0.23 4.42-5.09
Ul’yanovsk 7 4.43 0.46 3.45-4.76 — — — Ya
Samara 27 4.81 0.37 4.24-6.11 16 4.75 0.03 4.39-5.00
Kalmykya — — — — 9 4.82 0.30 4.26-5.12
Total 134 4.71 0.36 3.45-6.11 111 4.69 0.33 3.32-5.76
TABLE 3. The Ratio Sp.oc./Sp.n. of Various Samples of Two Forms of Pelobates fuscus
Males Females
Samples
n Mean SD Range n Mean SD Range
The “Western” Type
Sumy 8 1.71 0.13 1.54 -1.90 7 1.80 0.14 1.54 -2.00
Gomel’ 6 1.67 0.08 1.59-1.77 — — — —
Pskov 6 1.65 0.10 1.51-1.79 11 1.68 0.11 1.48 - 1.89
Total 44 1.69 0.15 1.29 -2.08 40 1.69 0.16 1.41-2.15
The “Eastern” Type
Voronezh 19 1.73 0.13 1.47-2.03 9 1.71 0.16 1.36 - 1.88
Tambov 19 1.78 0.16 1.51-2.10 13 1.75 0.20 1.35-2.06
Saratov 15 2.14 0.24 1.59-2.50 — — — —
Ryazan 11 1.92 0.24 1.53-2.16 — — — —
Mordovia — — — — 13 1.81 0.15 1.53-2.03
Udmurtia 19 1.90 0.21 1.49-2.17 16 1.86 0.15 1.58 -2.07
Ul’yanovsk 7 1.70 0.16 1.46 —1.94 — — — —
Samara 27 1.99 0.15 1.76 —2.35 16 2.06 0.02 1.82-2.30
Kalmykya — — — — 9 1.83 0.15 1.60 —2.00
Total 134 1.88 0.23 1.30-2.50 111 1.86 0.19 1.35-2.30
TABLE 4. The Ratio Sp.p./Sp.n. of Various Samples of Two Forms of Pelobates fuscus.
Males Females
Samples
n Mean SD Range n Mean SD Range
The “Western” Type
Sumy 8 1.40 0.09 1.28 -1.55 7 1.37 0.19 1.19-1.55
Gomel’ 6 1.27 0.06 1.21-1.35 — — — —
Pskov 6 1.33 0.13 1.16 — 1.55 11 1.30 0.13 1.06 — 1.47
Total 44 1.33 0.15 1.02 -1.94 16 1.30 0.14 1.05-1.70
The “Eastern” Type
Voronezh 19 1.48 0.11 1.33-1.76 9 1.50 0.09 1.38 - 1.65
Tambov 19 1.31 0.13 1.14 - 1.60 13 1.35 0.14 1.00 - 1.57
Saratov 15 1.53 0.20 1.18-1.85 — — — —
Ryazan 11 1.40 0.13 1.18 - 1.61 — — — —
Mordovia — — — — 13 1.28 0.13 1.02 -1.48
Udmurtia 19 1.45 0.16 1.16 - 1.76 16 1.37 0.12 1.07 - 1.54
Ul’yanovsk 1.27 0.17 0.93-1.47 — — — —
Samara 27 1.54 0.14 1.18-1.78 16 1.56 0.02 1.40-1.93
Kalmykya — — — — 9 1.46 0.12 1.31-1.75
Total 134 1.43 0.17 0.93-1.85 111 1.41 0.16 1.00-1.93
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TABLE 5. The significant level of differences in morphometric characters between males and females in two forms of Pelobates fuscus

P. fuscus form L. L./T. L./D.p. L./L.c. L./D.ro. F./T. T./D.p. D.p./C.i. L.c./Lte. L.c./Dro.
“Western” n.s. n.s. n.s. 0.05 0.01 n.s. n.s. n.s. n.s. n.s.
“Eastern” 0.001 0.01 0.001 0.001 0.001 n.s. 0.01 0.001 0.05 n.s.
P. fuscus form L.c./Lo. Ltec./Sp.oc. Ltc./Sp.p. Ltc./Sp.n. Sp.oc./Sp.p. Sp.oc./Sp.n. Sp.oc./D.ro. Lt.p./Sp.p. Sp.p./Sp.n. D.ro./Sp.n.
“Western” n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. 0.01
“Eastern” n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.

Note. n.s., non significant; p <0.05, p <0.01, p <0.001.

TABLE 6. Frequencies (per cent) of various kinds of some elements of the dorsal pattern in two forms of Pelobates fuscus

Light lateral stripes (B)

Dark stripe between eyes (C)

P, fuscus form

B, B, B, B, B, By B, C, C,
“Western” 29.4 2.9 1.5 353 0 0 14.7 26.2 73.8
“Eastern” 7.0 2.6 1.7 81.6 0.4 0.4 6.1 66.1 33.9

almost all variants of all elements were observed in the
both forms of P, fuscus.

CONCLUSION

To summarize, some significant differences between
averaged values of morphological characters of two forms
of P. fuscus were revealed. However, diagnostic charac-
ters, which could allow to make reliable identification of
each specimen, were not found. This fact confirms that
these forms could be recognized cryptic. Such a morpho-
logical stasis of P. fuscus may be explained by the effect of
stabilizing selection which maintains the optimum pheno-
type as a result of the adaptation to burrowing mode of life
of this anuran species (Borkin et al., 2003a; Khalturin
et al., 2003).
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GEOGRAPHIC DIFFERENTIATION IN NEWTS (Triturus)

OF EASTERN EUROPE:

GENOME SIZE, ALLOZYMES, AND MORPHOLOGY
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Eight species of the genus Triturus inhabit eastern
Europe. The geographic variation in salamanders of this
vast territory was poorly studied. The goal of present pa-
per was to evaluate such variation, evidenced by DNA
flow cytometry, allozymes and standard morphological
treatments.

The amount of DNA per nucleus (genome size) was
measured by flow cytometry (Borkin et al., 2001; Litvin-
chuk et al., 2004). The details of the allozyme and
morphological techniques have been published previously
(Litvinchuk et al., 1994; Litvinchuk and Borkin, 2000,
2003).

The Triturus cristatus superspecies is a large group of
European salamandrids consisting of seven species and
subspecies (Arntzen, 2003; Table 1). The study of allo-
zymes, genome size and morphology allowed us (Litvin-
chuk et al., 1997, 1999; Litvinchuk, 1998) to reveal quite
narrow hybrid zone between T cristatus and T. dobrogicus
in the Ukrainian Transcarpathians (Fig. 1). Therefore, our
data supported that these former subspecies of 7. cristatus
should be elevated to full distinct species in the framework
of the T. cristatus superspecies (Arntzen, 2003). Currently
we recognized two subspecies of the Danube newt (Litvin-
chuk and Borkin, 2000). Most part of the species range, in-
cluding lowland of Ukrainian Transcarpathians, is inhab-
ited by T. dobrogicus macrosomus, as well as Danube and
Dnepr river deltas — by T d. dobrogicus (Litvinchuk and
Borkin, 2002). Two other members of the T. cristatus
superspecies were also splitted in two subspecies, namely
T. carnifex carnifex and T. c. macedonicus (Kalezi¢ et al.,
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1997), as well as T. karelinii karelinii and T. k. arntzeni
(Litvinchuk et al., 1999).

The genome size variation in the Triturus cristatus
superspecies (n=836) was polymodal (Table 1). Differ-
ences in the nuclear DNA content between 7. cristatus and
T. dobrogicus (both subspecies included) were small. An-
other group was formed by two subspecies of 7. carnifex
and the Balkan subspecies 7. karelinii arntzeni (Litvin-
chuk et al., 1999). The group with the largest genome size
contained T k. karelinii only. According to genome size
data, in the Caucasus, the subspecies consists of two geo-
graphically separate groups of populations. These are the
western group (the northwestern Caucasus) and the east-
ern group (Dagestan, Georgia, and Azerbaijan).

The allozyme analysis (n =265; Litvinchuk et al.,
1994, 1999; Litvinchuk, 1998) showed obvious between-
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