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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

Denoël, 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
March 28, 2005

Natalia Ananjeva,
Olga Tsinenko





HISTORY AND ANNIVERSARY DATES
OF RUSSIAN HERPETOLOGY IN ST. PETERSBURG

Natalia B. Ananjeva1

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

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 (100th Anniversary), Pavel V. Terentjev
(100th Anniversary), and Lev I. Khosatzky (90th 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 I. 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), Günther Peters (Ph.D. student from Berlin), Abdulla M. Alekperov (Ph.D. student from Baku, Azerbaijan).



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 I. 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.

Photo 3. Lev I. Khosatzky January 1977.



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 90th Anniversary (Kho-
satzky) coincided in 2003 with the year of the 12th 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
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Photo 5. From left to right: Natalia Ananjeva, Leo Ja. Borkin, Lyudmila N. Lebedinskaya,
Vasilyi A. Kireev (Ph.D. student from Élista city, Kalmykia), and Ilya S. Darevsky. 1971.



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. Bauer1

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.

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

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 Størmer: 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, Gastraeazoa, 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. Bauer1

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 I 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 a new 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.

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.
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GENOME SIZE VARIATION IN THE BALKAN ANURANS

L. J. Borkin,1 S. N. Litvinchuk,2 J. M. Rosanov,2 G. D�ukiæ,3 and M. L. Kaleziæ3,4

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 (D�ukiæ and Kale-
ziæ, 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; D�ukiæ and Kaleziæ,
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-

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-
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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 21.91

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 Trešnja 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



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

Palanka (Rot-Nikèevic 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 – 7.95 pg) 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 (Plötner, 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).
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VARIABILITY OF ADVERTISEMENT CALLS AND RELEASE CALLS
OF GREEN FROGS IN THE MOSCOW OBLAST’, RUSSIA

K. I. Chernyshov1

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-

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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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 F3.

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, F3 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,1 M. A. L. Zuffi,2 L. Bassu,3 C. Fresi,4 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 T. 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 T. 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.

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 t-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, ANCOVAtail length F = 40.794, P < 0.0001, df = 3;
locality = 0.943, P > 0.05; females, ANCOVAtail length
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 population are in average the highest, par-
ticularly evident in females (males, ANCOVAcarapace height
F = 12294.1, P < 0.0001, df = 1; locality = 1.675,
P = 0.193; females, ANCOVAcarapace height F = 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. Dotsenko1

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

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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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. Gvo�dík1 and J. Moravec2

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-

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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individuals within the patterned part of the Cypriote popu-
lation (52.3%, 57�109 vs. 14.3%, 6�42, ÷2 = 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 (Gvo�dík 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
Böhme 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

of eastern Mediterranean. The study pointing to specific
status of Cypriote water frogs could be used as an example
(Plötner 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-
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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,1 R. O. de Sá,2 and A. Rettig2

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.

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 Pará, 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 Pará 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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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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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 Pará species occurs only within the rain
forests of the Amazonian Equatorial Morphoclimatic Do-
main as defined by Ab’Sáber (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

Lr Lk P1 P2 Lv1 Lv2 Ll1 Ll2 MAp1 MAp2 MAP3 PE1 PE2 Lp1 Lp2

Lr –

Lk 0.30 –

P1 0.30 0.14 –

P2 0.31 0.14 0.01 –

Lv1 0.31 0.17 0.04 0.05 –

Lv2 0.32 0.15 0.05 0.05 0.01 –

Ll1 0.31 0.13 0.18 0.18 0.19 0.18 –

Ll2 0.30 0.10 0.15 0.16 0.20 0.19 0.03 –

MAp1 0.34 0.09 0.15 0.15 0.19 0.18 0.12 0.10 –

MAp2 0.34 0.09 0.15 0.15 0.19 0.18 0.12 0.10 0.00 –

MAp3 0.36 0.12 0.18 0.18 0.19 0.18 0.08 0.14 0.03 0.03 –

PE1 0.34 0.12 0.18 0.18 0.21 0.19 0.16 0.12 0.07 0.07 0.12 –

PE2 0.34 0.12 0.18 0.18 0.21 0.19 0.16 0.13 0.07 0.07 0.11 0.00 –

Lp1 0.35 0.11 0.21 0.22 0.25 0.23 0.16 0.13 0.06 0.06 0.10 0.09 0.09 –

Lp2 0.34 0.10 0.20 0.21 0.24 0.22 0.16 0.13 0.06 0.06 0.10 0.09 0.09 0.00 –

Lr, Leptodactylus rhodomystax, MZUSP 940333; Lk, Leptodactylus knudseni, QCAZ 13077; P1, Pará species, MZUSP 70023; P2, Pará species,
MZUSP 70075; Lv1, Leptodactylus vastus, MTR 976629 (MZUSP ???); Lv2, Leptodactylus vastus, USNM 284552; Ll1, Leptodactylus labyrinthicus,
USNM 303175; Ll2, Leptodactylus labyrinthicus, UC 233; MAp1, Middle American “pentadactylus” species, USNM 347153; MAp2, Middle Ameri-
can “pentadactylus” species, USNM 298079; MAp3, Middle American “pentadactylus” species, USNM 534219; PE1, Pacific Ecuador “pentadactylus”
species, QCAZ 17056; PE2, Pacific Ecuador “pentadactylus” species, QCAZ 19859; Lp1, Leptodactylus pentadactylus, USNM 303466;
Lp2, Leptodactylus pentadactylus, MZUSP 70917.
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Appendix

Voucher specimen data used in molecular analyses. Museum

designations follow Leviton et al. (1985) with the addition of

Museo de Zoología de la Pontificia Universidad Católica del Ec-

uador, Quito (QCAZ).

Leptodactylus knudseni. QCAZ 13077 — Ecuador, Fran-

cisco Orellana, Parque Nacional Yasuní.

Leptodactylus labyrinthicus. Ulisses Caramaschi field num-

ber 233 — Brasil, São Paulo, Piraju. USNM 303175 — Brasil,

São Paulo, Fazenda Jataí, 5 km S of Luis Antonio.

Middle American “pentadactylus” species. USNM

298079, 347153 — Panama, Bocas del Toro, Isla Popa. USNM

534219 — Honduras, Colon, Quebrada Machin.

Pacific Ecuador “pentadactylus” species. QCAZ 17056 —
Ecuador, Esmeraldas, Alto Tambo. QCAZ 19859 — Ecuador,
Esmeraldas, Bosque Protector La Perla.

Pará species. MZUSP 70023 — Brasil, Pará, Aldeia
A-Ukre. MZUSP 70075 — Brasil, Pará, Rio Vermelho.

Leptodactylus pentadactylus. MZUSP 70917 — Brasil,
Pará, Serra de Kukoinhokren. USNM 303466 — Brasil, Pará,
near Cachoeira do Espelho, ca. 50 km (airline) S of Altamira.

Leptodactylus rhodomystax (outgroup taxon). MZUSP
70375 — Brazil, Pará, Serra de Kukoinhokren.

Leptodacytlus vastus. MTR 976629 (to be deposited in
MZUSP) — Brasil, Mato Grosso, Gaúcha do Norte.
USNM 284552 — Brasil, Pernambuco, near Caruaru.
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DNA POLYMORPHISM AND GENETIC DIFFERENTIATION OF Testudo graeca L.

A. Korsunenko,1,2 V. Vasilyev,1 S. Pereshkolnik,3 L. Mazanaeva,4

R. Lapid,5 A. Bannikova,2 and S. Semyenova1

Keywords: DNA, RAPD-PCR, Testudo, genetic differentiation.

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 T. graeca are found on the territory
of Russia: T. 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 (T. 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 (T. graeca, T. marginata from northern
Greece, T. kleinmanni from Cairo) and 4 subspecies
(T. g. pallasi from different regions of Daghestan, T. g. ni-
kolskii from Novorossiisk region — the northeastern

Black Sea coast, T. g. terrestris from Central Israel,
T. g. ibera from Turkey) of the genus Testudo 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

GDxy = (Nx + Ny):(Nx + Ny + Nxy),

where Nx and Ny is the number of bands present in x or y indi-
viduals, and Nxy 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 T. 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 T. 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 T. 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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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 T. 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: T. 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 T. 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 T. 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-

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

CONCLUSIONS

1. The high level of genetic variability in T. 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 T. g. nikol-
skii is more closely genetically related to T. 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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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).
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FIRST DATA ON THE GEOGRAPHIC VARIATION OF Emys orbicularis IN UKRAINE:
mtDNA HAPLOTYPES, COLORATION, AND SIZE
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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-

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 für 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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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
Él’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.
o. 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 für 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 Él’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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TABLE 1. Studied Emys orbicularis Populations, Straight Line Carapacial Lengths (SCL, only adults) and mtDNA Haplotypes

Population Sex n
SCL, mm mtDNA

haplotypesmean minimum maximum

Desna River (A, Litochky, 2001) Females 2 – 176.0 182.5 Ia (n = 2)

Merla River (B, Kolontayiv, 2001; C, Volodymyrivs’ke Forestry, 1975,
and Gorodne, 2001)

Males 2 – 145.5 154.5 Ia (n = 2, Kolontayiv);
Ia, Ih (n = 2, Gorodne)Females 7 168.2 155.0 178.0

Mzha River (D, Merefa, 2001, 2003) Females 9 170.0 156.0 188.5 Ia (n = 1)

Siverskii Donets River (E, Gaidary, Koropovo, Gomol’sha, and Cherkas’-
kyi Byshkyn, 2002; F, Balakleya, 2003, and Sezonna, 1969; G, Izyum, 2001)

Males 1 – 175.0
Ia (n = 1, Izyum)

Females 11 175.9 145.5 195.0

Siverskii Donets River (H, Levkivka, Lysogirka, and Chervonyi Donets’,
1990 – 1993) (Lyamzin, 1993)

Males 44 160.0 126.0 171.0 –

Females 43 175.0 160.0 200.0

Siverskii Donets River,
total (localities E – H)

Males 45 160.3 126.0 175.0
Ia (n = 1, Izyum)

Females 54 175.2 145.5 200.0

Dnepr Delta (J, Gerois’ke, 1960’s, 1979, 2000; K, Rybal’che and Vyno-
gradne, 1974, 1979 and 2000; L, Gola Prystan’, 1974)

Males 10 145.9 112.9 173.5 Ia (n = 15, Gerois’ke);
Ia (n = 1, Vynogradne)Females 33 166.4 143.5 189.5

Northern Crimea (M, Dzhankoi, 2000) Males 1 – 165.6 Ie (n = 1)

East Sivash Region, Crimea
(N, Sovet’skyi, 1961, 1962)

Males 20 127.3 113.4 137.0 –

Females 9 138.5 122.5 153.6

Crimean Mountains (O, Luchyste, 1961, 2000, 2001) Males 16 127.9 112.9 137.1
Ic (n = 4)

Females 15 131.9 113.4 154.2

Kerch Peninsula, Crimea (P, Él’tigen, 2001) Males 6 138.6 135.3 140.7 Ic (n = 1);
Ii (n = 3)Females 6 158.5 147.5 172.5

Kerch Peninsula, Crimea (Q, Kerch, 1961) Females 4 141.0 134.5 149.3 –

Crimea (mainly Luchyste, Sovet’skyi, and Kerch)
(Szczerbak, 1966)

Both
sexes 80 – – 160.5 –

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.



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

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, Ih; 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.
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Haplotype Ia and its rare variant Ih have been not re-
corded in the Crimea until now, but the closely related
haplotype Ie. 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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CHROMOSOMAL CHANGES AND FORM-FORMATION,
SUBSPECIATION IN THE WIDERANGED EUROASIAN SPECIES
Zootoca vivipara (EVOLUTION, BIOGEOGRAPHY)

L. Kupriyanova,1 G. Odierna,2 T. Capriglione,2 E. Olmo,3 and G. Aprea2

Keywords: Zootoca vivipara, chromosomal rearrangments, sex chromosomes, karyotype variations, evolution,
form-formation, speciation, biogeography.

INTRODUCTION

The wideranged Euroasian species Zootoca 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 = 36�36 in both sexes or 36 (male)�35
(female)]; in the system of sex chromosomes (ZW or
Z1 Z2 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

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 Böhme, 1997; Odierna et al., 1998).
2n = 36A (male)�35A (female), system of sex chromo-
somes is Z1 Z2 W. Autosomes and acrocentric macro-W1A

or subtelocentric W1B-sex chromosomes have tiny hetero-
chromatic C-bands. Acrocentric macro-W1A 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 Z1 Z2 W system of sex chromosomes and acro-
centric�subtelocentric type of W2-sex chromosome (Ku-
priyanova, 1990). However, unlike the “Pyrenean” form
most of chromosomes, including W2-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
Z1 Z2 W system of sex chromosomes and meta-�submelo-
centric type of W3-sex chromosome (Chevalier et al.,
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1979; Kupriyanova, 1990; Odierna et al., 1993). Metacen-
tric W3-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 Böhme, 1997) nor by haplotype (Mayer and
Böhme, 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
Böhme, 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�CMA3�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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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 A3 and DAPI according to Schmid and Guttembach
method (Schmid and Guttembach, 1988); digestions with
endonucleases Alu1 (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) W3-sex chromosome.

Most of autosomes and W3 chromosome possessed
conspicuous centromeric C-bands. Autosomes had thin
telomeric C-bands whereas W3 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 A3 (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 Alu1, only the centro-

meric bands of the autosomes and a single band of W3

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) W2. Most of autosomes and W2 chromosome pos-
sessed conspicuous centromeric and telomeric C-bands.
Additionally W2 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 A3 (Fig. 2B). Centromeric C-bands
of some autosomes, centromeric and interstitial C-bands
of the W2 sex chromosome were intensively stained with
AT specific fluorochrome DAPI (Fig. 2C). Unlike W3-sex
chromosome of “western” form after treatment with endo-
nuclease Alu1, the centromeric and interstitial bands of
W2 chromosome were resistant.
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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) W3-sex
chromosome showing three (one centromeric and two telomerics) heterochromatic C-bands, “western” form of Zootoca vivipara vivipara;
B, Chromomycin A3 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.



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 A3 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 W2-sex chro-
mosome.

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

1. Weakly stained with chromomycin A3 telomeric
C-bands of the NORs bearing chromosomes.

2. Weakly stained with DAPI centromeric and
telomeric C-bands of W3 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 Böhme, 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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Fig. 2. Metaphases of blood cells of females Zootoca vivipara. 2n = 35 (populations Nos. 2 and 3). A, C-banded karyotype with acrocentric (A) W2-sex
chromosome showing three (centromeric, telomeric and interstitial) heterochromatic C-bands (“Russian�eastern” form of Zootoca vivipara vivipara);
B, Chromomycin A3 stained karyotype showing intensive telomeric C-bands of NO regions; C, DAPI stained karyotype showing centromeric and inter-
stitial C-bands of W2.



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,1 L. J. Borkin,1 and S. N. Litvinchuk2

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

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.
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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’; 11, Leningradskaya Oblast’; 12, Yaroslavl’ Oblast’;
13, Moscow Oblast’; 14, Tula Oblast’; 15, Kharkov Oblast’; 16, Belgo-
rod Oblast’; 17, Voronezh Oblast’; 18, Lipetsk Oblast’; 19, Tambov
Oblast’; 20, Saratov Oblast’; 21, 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.



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

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.o., and D.r.o.�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 B1, B4 as well as in two variants of C. However,
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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.
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TABLE 1. The Significant Level of Differences in Morphometric Characters Between Two Forms of Pelobates fuscus

Sex L. L.�T. L.�D.p. L.�L.c. L.�D.r.o. F.�T. T.�D.p. D.p.�C.i. L.c.�Lt.c. L.c.�D.r.o.

Males n.s. n.s. n.s. n.s. 0.01 n.s. n.s. n.s. n.s. 0.001

Females n.s. n.s. n.s. n.s. 0.01 n.s. n.s. n.s. n.s. 0.01

Sex L.c.�L.o. Lt.c.�Sp.oc. Lt.c.�Sp.p. Lt.c.�Sp.n. Sp.oc.�Sp.p. Sp.oc.�Sp.n. Sp.oc.�D.r.o. Lt.p.�Sp.p. Sp.p.�Sp.n. D.r.o.�Sp.n.

Males n.s. 0.01 n.s. 0.001 n.s. 0.001 0.001 n.s. 0.001 n.s.

Females n.s. n.s. n.s. 0.001 n.s. 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

Samples
Males Females

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 – 4.43
Total 44 4.42 0.39 3.27 – 5.29 40 4.31 0.42 3.61 – 6.15

The “Eastern” Type
Voronezh 19 4.68 0.21 4.36 – 5.29 9 4.51 0.21 4.33 – 5.33
Tambov 19 4.48 0.23 3.98 – 4.97 13 4.51 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 4.21 – 5.48 16 4.70 0.23 4.42 – 5.09
Ul’yanovsk 7 4.43 0.46 3.45 – 4.76 — — — ¾
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

Samples
Males Females

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.

Samples
Males Females

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 7 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



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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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.r.o. F.�T. T.�D.p. D.p.�C.i. L.c.�Lt.c. L.c.�D.r.o.

“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.�L.o. Lt.c.�Sp.oc. Lt.c.�Sp.p. Lt.c.�Sp.n. Sp.oc.�Sp.p. Sp.oc.�Sp.n. Sp.oc.�D.r.o. Lt.p.�Sp.p. Sp.p.�Sp.n. D.r.o.�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

P. fuscus form
Light lateral stripes (B) Dark stripe between eyes (C)

B1 B2 B3 B4 B7 B8 B9 C1 C2

“Western” 29.4 2.9 1.5 35.3 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



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 T. 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 (Kaleziæ et al.,

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 T. cristatus and
T. dobrogicus (both subspecies included) were small. An-
other group was formed by two subspecies of T. carnifex
and the Balkan subspecies T. 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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Fig. 1. The distribution of T. cristatus alleles in samples from the hybrid
zone between T. cristatus and T. dobrogicus in the Ukrainian Transcar-
pathians.



population differences within two species only: T. crista-
tus and T. karelinii (Fig. 2). The treatment of standard
morphometrical characters and trunk vertebrae count al-
lowed us to identify all four species of the complex, and
even both subspecies of T. dobrogicus (Litvinchuk et al.,
1999; Litvinchuk and Borkin, 2000).

The second large group of newts in eastern Europe
contained two species, namely: T. vulgaris with several
currently recognized subspecies and T. montandoni. The
latter two species plus T. helveticus comprise the T. vulga-
ris group. The smooth newt has the widest distribution in

eastern Europe. The genome size variation in this species
was polymodal (n = 638). We recognized four groups
composed by various subspecies (Table 1). The smallest
amount of the nuclear DNA was characteristic to T. v. vul-
garis and morphologically intermedian between T. v. vul-
garis and T. v. ampelensis population from Romanian
Bihor Mountains. The Transylvanian T. v. ampelensis and
the sample from European part of Istanbul provided the
second group. The latter sample was morphologically
intermedian between T. v. vulgaris and T. v. kosswigi.
The Anatolian subspecies T. v. schmidtlerorum formed the
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TABLE 1. Genome Size Variation (in picograms) in East European Newts of the genus Triturus

Taxon Locality Nsamples Nspec Mean ± SD Range

Triturus alpestris

alpestris alpestris Maloe Opol’e Eminence (Lvov Oblast’, Ukraine) 2 16 59.7 ± 0.5 59.0 – 61.1

Ukrainian Carpathians 2 12 59.8 ± 0.6 58.7 – 60.7

Romanian Bihor Mts. 1 1 60.0

Montenegro 1 2 60.1 59.9 – 60.3

alpestris montenegrinus Montenegro 1 36 59.5 ± 0.4 58.3 – 60.6

alpestris serdarus Montenegro 1 6 59.5 ± 0.1 59.4 – 59.6

Triturus cristatus superspecies

carnifex carnifex Northeastern Italy 2 3 58.2 ± 0.0 58.2 – 58.3

carnifex macedonicus Montenegro 2 11 58.3 ± 0.6 57.5 – 59.3

cristatus Eastern Europe 51 423 55.5 ± 0.5 54.2 – 57.1

dobrogicus dobrogicus Danube River Delta 3 78 56.3 ± 0.5 55.0 – 57.6

Dnepr River Delta 1 1 56.6

dobrogicus macrosomus Danube River Basin 11 177 56.2 ± 0.4 55.1 – 57.4

karelinii arntzeni Serbia 2 14 58.8 ± 0.5 58.2 – 59.7

karelinii karelinii European Istanbul (Halkali) 1 2 62.6 62.4 – 62.8

Northwestern Anatolia 1 2 64.0 63.7 – 64.4

The Crimea 4 68 62.7 ± 0.5 60.8 – 63.5

Northwestern Caucasus 6 36 62.4 ± 0.4 61.6 – 63.1

Dagestan 1 8 63.4 ± 0.2 63.3 – 63.8

Eastern Georgia 1 1 63.6

Southeastern Azerbaijan 2 12 63.5 ± 0.3 63.0 – 63.9

Triturus vulgaris group

montandoni Maloe Opol’e Eminence (Lvov Oblast’, Ukraine) 3 36 59.7 ± 0.5 58.6 – 60.6

Ukrainian and Romanian Carpathians 4 14 59.7 ± 0.8 58.2 – 60.8

Gutyi Mts. (Zakarpatskaya Oblast’, Ukraine) 1 9 59.2 ± 0.7 58.5 – 60.1

vulgaris ampelensis Romanian Transylvania 2 34 58.6 ± 0.6 57.1 – 60.1

vulgaris ampelensis? Romanian Bihor Mts. (Cimpeni) 1 10 57.0 ± 0.2 56.7 – 57.3

vulgaris graecus Montenegro 1 11 62.3 ± 1.0 60.7 – 63.5

vulgaris kosswigi? European Istanbul (Halkali) 1 34 58.1 ± 0.4 57.1 – 58.8

vulgaris lantzi Abkhazia 3 15 63.6 ± 0.5 62.9 – 64.7

Northwestern Caucasus 7 39 62.6 ± 0.5 61.8 – 63.6

vulgaris schmidtlerorum Northwestern Anatolia 1 6 59.7 ± 0.4 59.1 – 60.3

vulgaris vulgaris Eastern Europe 63 430 56.7 ± 0.6 54.6 – 59.4

Triturus ophryticus

ophryticus ssp. Northwestern Anatolia 1 4 63.1 ± 0.6 62.5 – 63.7

ophryticus ophryticus The Caucasus 7 20 67.6 ± 0.7 66.8 – 68.8

Nsamples and Nspec are numbers of sample locations and specimens studied, respectively.



third group. Finally, the Balkan subspecies T. v. graecus
and the Caucasian newt T. v. lantzi had the largest genome
size within the superspecies. Abkhazian populations of the
latter subspecies had slightly larger amount of nuclear
DNA in comparison with newts of the northwestern Cau-
casus (Krasnodar and Stavropol’ Krai’s).

The study of allozyme variation in the smooth newt
(18 loci, n = 197) showed that the levels of differences be-
tween three subspecies were quite different (Fig. 3). Two
European subspecies T. v. vulgaris and T. v. ampelensis
(DNei’72 = 0.030) were much closer each other than both to
the Caucasian T. v. lantzi (DNei’72 = 0.174). The analysis of
standard morphological characters in the smooth newt
(n = 1412) showed well differences between most subspe-
cies, in the exception of T. v. vulgaris and T. v. lantzi.

Triturus montandoni is endemic to the Carpathian
Mountains. Two small and geographically isolated popu-
lations from the main species range are situated in western
Ukraine. These are the Maloe Opol’e Eminence in Lvov
Oblast’ and Gutyi Mountains in the Transcarpathians (Lit-
vinchuk et al., 2003). We failed to find any significant dif-
ferences between the both isolated populations and newts
from the main range of the species.

According to our data, the banded newt is suggested to
consist of two species: T. ophryticus and T. vittatus (Lit-
vinchuk et al., 2005). In the northern banded newt (T. op-
ryticus), significant differences between populations from
northwestern Turkey and from northeastern Turkey and
the Caucasus were expressed in genome size (Table 1),
allozyme data (DNei’72 = 0.383; n = 30), and trunk verte-
brae count (the modal number 12 vs. 13; n = 219). There-
fore, we allocate the western group of T. ophryticus to
a separate subspecies (Litvinchuk et al., 2005).

We examined the genome size variation in T. alpestris
(n = 73) as well. We failed to reveal any significant differ-

ences between T. a. alpestris, T. alpestris, T. a. montene-
grinus, and T. a. serdarus from Montenegro (Table 1).
Moreover, the amount of nuclear DNA in four geographi-
cally isolated populations of T. a. alpestris from the Ukrai-
nian Carpathians, Maloe Opol’e Eminence, Romanian
Bihor Mountains, and Montenegro was quite similar.

Thus, we consider that genome size together with
other cytogenetic, molecular and morphological charac-
ters could be used for analysis of geographical differentia-
tion and speciation in urodelans.
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CASES OF MIXOPLOIDY IN BROWN FROGS OF UKRAINE

V. V. Manilo1

Keywords: chromosomes, polyploidization, karyotype, mitosis, meiosis.

INTRODUCTION

Polyploid cells were detected for the first time in testi-
cle preparations of Rana arvalis from surroundings of
Zhitomir city (Ukraine) in 1998 (Manilo, 2000). This ob-
servation encouraged the further, more detailed cytogene-
tic investigation of the genus Rana in Zhitomir Oblast’, as
well as in other regions of Ukraine. This paper is focused
on the description of karyotypes in brown frogs, but now
we have also similar results of the cytogenetic investiga-
tion in other species.

MATERIAL AND METHODS

The material investigated is shown in Table 1. Chro-
mosome preparations were obtained by the dripping (pi-

petting) method from blood cells, marrow and testicles of
the colchycinized animals according to the routine meth-
ods (Ford and Hamerton, 1956; MacGregor and Warley,
1986). In order to increase mitotic activity, most of ani-
mals were treated with phytogemagglutinine M (Difco
Laboratories) according to the method described earlier
(Manilo, 1986).

RESULTS

Principal morphological features of chromosomes in ka-
ryotypes of Rana arvalis arvalis and R. temporaria are
presented in Table 1. Below we describe those characters,
which are not shown in Table 1, but are considered important.

Rana arvalis arvalis. Metaphase plates in blood and
marrow cells of specimens from all studied populations
had the standard karyotype and were identical in their ex-
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TABLE 1. Karyotypes of the Brown Frogs

No. Locality, year

Number
of studied
specimens

(males,
females)

Chromosome
numbers

Rate of
polyploid sets

and their
chromosome

numbers

Karyotype NF
Presence and location

of secondary
constrictionsn 2n

Rana arvalis arvalis

1 Bogunia, to north near Zhitomir (1998) 4�
2�

12 24 Up to 15%
4n = 48
5n = 60
6n = 72

12V + 4sV + 8sT
24V + 8sV + 16sT
30V + 10sV + 20sT
36V + 12sV + 24sT

48
96
120
144

2nd pair, short arm
5th pair, long arm

2 Zhitomir Oblast’, Korosten District,
near Ushomyr (2000)

2�
1 juv

12 24 10 – 20%
4n = 48
6n = 72

12V + 4sV + 8sT
24V + 8sV + 16sT

36V + 12sV + 24sT

48
96
144

—

3 Zhitomir Oblast’, Chernyakhovsky
District, near Andreevka (2001)

2� 12 24 10 – 45%
4n = 48
6n = 72

12V + 4sV + 8sT
24V + 8sV + 16sT

36V + 12sV + 24sT

48
96
144

—

Rana temporaria

4 Zakarpatskaya Oblast’, Rakhovsky
District, near Yasenya (2000)

1� 13 26 Up to 30%
4n = 52
6n = 78

6V + 18sV + 2sT
12V + 36sV + 4sT
18V + 54sV + 6sT

52
104
156

10th pair, long arm

5 Bogunia, to north near Zhitomir
(2000, 2001)

3�
6�

13 26 Up to 20%
4n = 52
6n = 78

6V + 18sV + 2sT
12V + 36sV + 4sT
18V + 54sV + 6sT

52
104
156

10th pair, long arm

6 Zhitomir Oblast’, Korosten District,
near Ushomyr (2000)

1�
2�

13 26 Up to 20%
4n = 52
6n = 78

6V + 18sV + 2sT
12V + 36sV + 4sT
18V + 54sV + 6sT

52
104
156

10th pair, long arm

Abbreviations. n, haploid chromosome set; 2n, diploid set; NF, basic chromosome number; 4n, tetraploid set; 5n, pentaploid set; 6n, hexaploid set; V,
metacentric; sV, submetacentric; sT, subtelocentric.



ternal chromosome morphology (2n = 24, NF = 48). At
preparations from tikles two types of dividing cells were
present: cells of spermatogonial division (metaphase of
mitosis II) and gametes (meiotic metaphase I – diakinesis
and metaphase II). Metaphase plates of speramatogonial
division included 24, 36, 48, 60, and 72 chromosomes. All
of them represented multiplied haploid set (n = 12) and
did not differ in chromosome morphology from the stan-
dard karyotype (Fig. 1a – c; Table 1). Furthermore, the
part of dividing cells had the incomplete (aneuploid) chro-
mosome set with several chromosomes more or less than
in the standard karyotype. The total rate of polyploid or
aneuploid cells was 15 and 5% of the investigated cells of
spermatogonial division, respectively. Meiotic metaphases
I and II in gametes also showed unusual chromosome sets:
the number of diakinetic bivalents varied from n = 12 to
4n = 48 (Fig. 1d – h). Secondary constrictions were ob-
served in most of the metaphase plates from Bogunia on
the long arm of the 5th chromosome pair, and on the short

arm of the second pair. Sex chromosomes were not identi-
fied.

Rana temporaria. Individuals of this species have
been examined from three localities (Bogunia and Usho-
myr villages, Zhitomir Oblast’) and vicinities of Yasenya
village [Urdu-Flavanchuk ridge (alt. 800 m) in Zakarpat-
skaya Oblast’ (Table 1)]. All studied cells of blood and
marrow had the standard karyotype (2n = 26, see Table 1).
Karyologycal features of testicle cells were similar to
those in R. arvalis: mixoploidy was recorded in gametes
(n = 13, 2n = 26, 3n = 39) as well as by spermatogonial di-
vision (2n = 26, 3n = 39, 4n = 52, etc., see Fig. 2). Num-
bers of dividing cells in some microscopic slides exceeded
100, making their counting difficult. The total rate of
polyploid cells (in relation to all studied cells) varied be-
tween 10 and 30%, aneuploid cells were markedly less fre-
quent — about 5%. As in the first species, no sex chromo-
somes were identified.

DISCUSSION

The results of our cytogenetic investigations of Zhito-
mir and Zakarpatskaya Oblast’ populations of R. arvalis
and R. temporaria are unexpected and unusual for Rani-
dae. Since this group is rather ancient and conservative,
any hypotheses presuming active evolutionary processes
or speciation seem improbable. More likely, the observed
multiplied chromosome sets were caused by aberrations of
meiosis, while polyploid cells appeared, because the chro-
mosomes did not separate properly during cell division.
Furthermore, we suggest that the described aberrations in
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Fig. 1. Metaphase plates of Rana arvalis: a, metaphase plate of the nor-
mal karyotype (2n = 24), spermatogonial cell; b, metaphase plate of a te-
traploid (4n = 48), spermatogonial cell from Bogunia near Zhitomir;
c, metaphase plate of a hexaploid (6n = 72), spermatogonial cell from
Ushomir; d, metaphase of meiosis II (n = 12), haploid gamete of a male
from Andreevka; e, metaphase of meiosis II (2n = 24), diploid gamete of
a male from Andreevka; f, metaphase of meiosis II (3n = 36), triploid ga-
mete of a male from Andreevka; g, metaphase of meiosis I, diakinesis
(n = 12), haploid gamete of a male from Bogunia near Zhitomir; h, meta-
phase of meiosis I, diakinesis (2n = 24), diploid gamete of a male from
Bogunia near Zhitomir.
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Fig. 2. Metaphase plates of Rana temporaria: a, diploid metaphase plate
2n = 26, spermatogonial cell from Yasenya, Zakarpatskaya Oblast’;
b, metaphase plate of a tetraploid (4n = 52), spermatogonial cell from
Bogunia near Zhitomir; c, d, ihcomplete (aneuploid) metaphase plate
Xn = 60; Xn = 101 (?) from Yasenya, Zakarpatskaya Oblast’; e, hexa-
ploid metaphase plate 6n = 78 from Ushomir, Zhitomir Oblast’.



testicles where determined by ecological factors (chemical
and radio nuclide pollution of the environment). Indeed,
such factors affect mainly germ cells (Mitrochenko et al.,
1999). It is known, that amphibians belong to animal
groups, which are sensitive to environmental factors, in
particular to geochemical and radioactive influences, and
may serve as very good markers of such influences (Petrov
and Sharygyn, 1981; Israel, 1984; Ilyenko and Krapivko,
1989). In addition, biological test systems are often more
sensitive than chemical, physical and radiometrical meth-
ods (Brusick, 1987). Being a consequence of the negative
influence of different mutation agents on somatic and
germ cells, development of aneuploid and polyploid cells
severely disturbs genetic balance and suppresses viability
and reproductive ability of animals. Thus, the obtained re-
sults may be used in future for ecological and genetic
monitoring in the studied regions.
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DISTRIBUTION AND MORPHOLOGICAL VARIABILITY
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INTRODUCTION

The first the black viper inhabiting Southern Russia
was described in 1771 by P. S. Pallas. This morph was
cited under different names (Coluber melanis, Vipera me-
lanis, Coluber scytha, Vipera scytha, Vipera melaenis,
Vipera melaenis var. scytha, Vipera berus var. prester, Vi-
pera prester, Pelias prester, Coluber berus morpha prester,
Pelias berus var. nigra) for many years. Situation changed
when V. N. Grubant, A. V. Rudaeva and V. I. Vedmederja
(1973) proposed to distinguish the black forest-steppe ad-
der as a full species Vipera prester. These authors listed
morphological and ecological differences between this
species and Vipera berus. In 1986 the same authors
changed the proposed name and described a new taxon Vi-
pera nikolskii. The specific status of Vipera nikolskii was
accepted by most specialists and included in subsequent
herpetological accounts (Golay et al., 1993; Nilson and
Andrén, 1997; Ananjeva et al., 1998; Bozhansky, 2001).
Nevertheless, this point of view was subjected to criticism
(Bakiev et al. 1999; 2000; Joger et al., 1997).

The black viper, Vipera nikolskii, from southern parts
of the European Russia and Ukraine currently has unclear
taxonomical status and distribution. The status of this vi-
per varied from color morph to full species during last 230
years. This work is aimed to determine the diagnostic
characters and status of this species. It is based on analysis
of external morphology and data on distribution.

MATERIAL AND METHODS

About 1000 specimens from Russia, Ukraine, Mol-
dova, and Belarus’ stored in the collections of Zoological
Institute Russian Academy of Science, St. Petersburg
(ZISP), Museum of Nature of Kharkov National Univer-

sity (MN KNU), National Museum of Natural History
Ukrainian Academy of Sciences (NNHM NASU), Zoo-
logical Museum of Moscow State University (ZMMU) as
well as alive snakes in the nature were examined in this
work. We recorded 10 morphological characters tradition-
ally used in systematic of Viperidae (Vedmederja, 1989)
and some others, which are useful in Vipera berus-nikol-
skii determination. For each specimen the following char-
acters were used in multivariate analysis: number of ven-
tral scales (ventralia, Ventr.); number subcaudal scales
(subcaudalia, S.cd.); number of scales around midbody
(squamae dorsalis, Sq.) except of ventral shields; number
of supralabial shields (labialia, Lab.); number of sublabial
shields (sublabialia, S.lab.); number of scales around the
eye (circumocularia, C.oc.); number of subocularia (sub-
ocularia, S.oc.) rows; number of the loreal scales between
canthal, circumocular, nasal and supralabial shields (lorea-
lia, Lor.); number of scales between apical, canthal and
frontal shields (intercanthalia, Ic.); number of shields
between supraocular, frontal and parietal shields (para-
frontalia, Pf.).

The following features were checked: shape and pro-
portions of the frontal shield (frontale), number of rows of
the postocular shields (postocularia, p.o.), type of the dor-
sal coloration pattern in adults — totally black and black
with light elements (visible zigzag, light spots on suprala-
bials and ventrals, reddish throat), venom fluid coloration
(colorless in nikolskii and yellow in berus) and albumin
composition (electrophoresis data). Patterns of geographi-
cal variation were studied by means of principal compo-
nent analysis (PCA) using Statistica 6.0 Software Pack-
age. Samples were united according to regional distribu-
tional principle. Females and males were studied sepa-
rately because the sexual dimorphism is well expressed.
The arithmetical mean of morphological characters for
samples were used in analysis.

Hemipenes were everted in fresh killed snakes and
preserved in formalin. Terminology on hemipenial mor-
phology follows Keogh (1999). Coloration was deter-
mined on the basis of color standard (Bondartsev, 1954).
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Distributional maps were completed as a result of the
collection materials study. Data of geobotanical and geo-
morphological maps and maps of Glaciations in Europe
(Atlas..., 1962, 1984; Markov et al., 1965; Paleogeo-
graphy of Europe..., 1982; Markova et al., 2002) were
used for interpretation and discussion of the viper’s distri-
bution.

RESULTS

In Fig. 1, the ordination of samples along the first two
principal components is given, resulting from PC analysis,
separately for males and females (samples list see in Ap-
pendix). The results were similar but not identical for
males and females. The ordination plots demonstrate the
existence of two not clearly distinct groups. In both sexes
all populations are distributed and in the case of females
are divided on two groups along the first PC axis. The first
group is completed by populations from northern and
north-western part of the Eastern Europe. The second
group includes populations from Southern and South-
Eastern part of this territory. Also we considered the third
group of populations that include individuals with transi-
tional morphological characters between the two previous
groups. Groups’ 95% variation interval of samples’ aver-
age values of morphological characters, which were calcu-
lated for 16 samples of Nikolsky’s viper, 22 samples of
males and 23 samples of females of common adder and 11
samples of vipers from mixed populations, are given in
Table 1.

We recorded several types of coloration patterns: total
melanistic, partially melanistic and normally patterned

type. Full description of coloration places in chapter
“Redescription.” Comparison of hemipenial structure
demonstrated good differences in size and structure:
hemipenes of common adder are short and compact, while
Nikolsky’s viper hemipenes are elongated and deeply
forked (Fig. 2). Redetermination of collection materials
and analysis of literature data allow the description of the
Nikolsky’s viper range (Fig. 3).

DISCUSSION

Some characters that were proposed by Vedmederja et
al. in 1986 as diagnostic for Nikolsky’s viper, correlate
very well with first principal components (Fig. 4). These
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Fig. 1. Ordination of samples along the first two principal components. Numeration of samples is the same as in Table 1. Black dots are populations
with predominance of black-colored snakes.

nikolskii berus

Fig. 2. Hemipenes of V. b. nikolskii and V. b. berus, sulcate view.



are increased number of ventral, supralabial, sublabial
shields and scale rows around midbody. We support the
significance of these morphological characters for distin-
guishing the viper’s taxa. An increased number of loreal
scales (between preocular, canthal, nasal and supralabial
shields), high frequency of registration of two complete or
almost complete subocular rows (up to 77.7% of female
and 23.3% male specimens have 2 rows), increased num-
ber of loreal scales (between preocular, canthal, nasal and
supralabial shields) are characters that, according to the re-
sults of our analysis, are diagnostic too.

Also shown is a high frequency of two rows of post-
ocular shields encountered in Nikolsky’s viper. The ratio
of the height of second and third supralabials as 0.72 –
1.15 (0.93 ± 0.01) and ratio of height and width of rostral
shield as 1.24 – 2.23 (1.65 ± 0.02) were given earlier (Ved-
mederja et al., 1986).

According to our results Nikolsky’s viper has on aver-
age a larger full body length.

According to published data, the skull of Nikolsky’s
viper differs from the common adder skull by 11 measure-
ments and 18 indexes in males and by 5 measurements and
9 indexes in females. They differ in shape of basispheno-
id-basioccipital suture: it is clearly W-shaped in both
forms, but suture angles are broader, less divided and less
extended in V. nikolskii (Koldoba, 1983). The venom of
Nikolsky’s viper is colorless (yellowish in common ad-
der), has less proteolysis activity (Orlov et al., 1990; Mur-
zajeva et al., 1995) and has differences in albumen compo-
sition (Davljatov, 1985; Starkov and Utkin, 2001).

Our data on hemipenial morphology (Fig. 2) contra-
dict those of Joger et al. (1997), which may be the conse-
quence of imperfect methodology.

Nikolsky’s viper is characterized by some peculiarities
of coloration pattern in non melanistic specimens. It is
worth mentioning that black coloration can appear in
V. berus berus populations independently (Forsman, 1993;
Monney et al., 1995; Völkl and Thiesmeier, 2002). Inter-
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TABLE 1. Variation of Selected Morphological Characters in Populations of Vipera berus nikolskii (16 samples), Vipera berus berus (22 male and 23
female samples), and Vipera berus � nikolskii (11 samples), Given as 95% Section of Mean Variability

V. b. nikolskii V. berus berus V. berus berus�V. berus nikolskii

Ventralia �� 153 – 154.2 147.4 – 149.7 149.7 – 153.3

Ventralia �� 149.7 – 151.6 143.6 – 145.3 146.5 – 148.5

Subcaudalia �� 32.0 – 33.3 30.4 – 31.8 31.8 – 32.9

Subcaudalia �� 40.7 – 42.3 37.8 – 39.9 39.4 – 41.4

Squamae dorsalis �� 19, 0.5%; 20, 1.5%;
21, 74.0%; 22, 7.2%;

23, 16.8%

21.2–21.7 19, 11.4%; 20, 3.5%;
21, 79.0%; 22, 4.4%;

23, 1.7%

20.6–21.0 19, 4.7%; 21, 81.3%;
22, 6.3%; 23, 7.8%

21.0–21.5

Squamae dorsalis �� 21, 77.3%; 22, 6.7%;
23, 16%

21.3–21.6 19, 17.5%; 20, 2.8%;
21, 71.6%; 22, 3.8%;

23, 4.3%

20.5–20.9 19, 2.2%; 20, 1.1%;
21, 82.3%; 22, 3.3%;

23, 11.1%

21.0–21.5

Labialia �� 9.0 – 9.2 8.6 – 8.8 8.6 – 9.0

Labialia �� 8.8 – 9.1 8.6 – 8.8 8.7 – 8.9

Sublabialia �� 10.7 – 11.0 9.9 – 10.3 10.3 – 10.8

Sublabialia �� 10.6 – 10.8 10.1 – 10.4 10.2 – 10.6

Circumocularia �� 9.5 – 10.0 9.2 – 9.7 8.8 – 9.8

Circumocularia �� 9.5 – 10.1 9.2 – 9.6 9.0 – 9.7

Subocularia �� 1, 31.4%; 1–1.5, 14.4%;
1.5, 28.1%; 1.5–2, 11.8%;

2, 14.4%

1.3 – 1.6 1, 83.8%; 1–1.5, 8.1%;
1.5, 6.9%; 1.5–2, 0.6%;

2, 0.6%

1.0 – 1.1 1, 67.2%; 1–1.5, 11.5%;
1.5, 13.1%; 1.5–2, 1.6%;

2, 6.6%

1.1–1.3

Subocularia �� 1, 62%; 1–1.5, 12%;
1.5, 17.2%; 1.5–2, 2.1%;

2, 6.8%

1.1 – 1.3 1, 97.4%; 1–1.5, 1.3%;
1.5, 1.3%

1.0 1, 88.4%; 1–1.5, 7.0%;
1.5–2, 1.2%; 2, 3.5%

1.0–1.1

Intercanthalia �� 8.1 – 9.9 8.7 – 10.4 8.5 – 10.3

Intercanthalia �� 7.6 – 9.4 8.3 – 10.0 7.4 – 10.9

Parafrontalia �� 7.6 – 8.9 7.6 – 8.5 7.4 – 8.6

Parafrontalia �� 7.0 – 8.4 7.3 – 8.1 6.9 – 7.7

Lorealia �� 4.1 – 4.7 2.9 – 3.2 3.4 – 4.1

Lorealia �� 3.3 – 3.7 2.5 – 2.9 2.5 – 3.3

Lfr�Ltfr 0.77 – 1.87 0.87 – 1.66 0.45 – 1.78

For Sq. and S.oc. given frequencies of different states of the character have been pooled for all samples.



estingly, it is absence of typical sexual dichromatism in
dorsum pattern.

An important result of the analysis is a strong hetero-
geny within both groups of vipers. Well distinguished pop-
ulations and populations exhibiting a tendency to similar-
ity with another taxon are represented. Some populations
have intermediate positions and can not be attributed to
any taxa. In our opinion, this situation results from intro-
gressive hybridization. A successful hybridization in
captivity was shown earlier (Zinenko, 2003; Kurilenko,
2003). In some cases a sharp transition between two forms
was observed in the contact zone. In Cherkassy Oblast’,
near Kanev, a berus-like adder inhabits the left bank of the
Dnepr River and Nikolsky’s viper inhabits the right bank.
In Sumy Oblast’, Putivl District both forms live on the
same bank of the Seym river, but in different landscapes.
However, traces of introgression are present in both cases
(Zinenko and Ruzhilenko, 2003; our data). The broad
intergradational zone between these taxons covers terri-
tory from the middle part of Dnepr in Ukraine to the Volga
basin in Russia and includes samples from a third group
(see Appendix). The intermediate position of vipers from
this area has been reported by other authors (Sokolov,
1979; Murzaeva et al., 1995; Bakiev et al., 2000; Peskov et
al., 2003; Starkov and Utkin, 2001, 2003; Zinenko and
Ruzhilenko, 2003).

The most morphologically specific vipers were re-
corded far from contact zone with V. berus berus. Among
samples of vipers studied by us, snakes from Khopyor
River in Saratov Oblast’ (Russia) and Kirovograd Oblast’

(Ukraine) have very well expressed morphological charac-
ters of Nikolsky’s viper. In contrast, clear populations of
the common adder inhabit the northwestern part of the
East European Plain. The big rivers like Dnepr, Seym, and
Volga crossing the Russian Plain in a direction from north
to south serve as dispersal routes for vipers. Generally,
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Fig. 3. Distribution V. b. nikolskii and V. b. berus in the Eastern Europe.
�, localities of V. b. berus;�, V. b. nikolskii;�, populations with mixed
morphological characters. Black solid line indicates southern border of
the glacial landscapes (maximal distribution of the Dnepr Glaciation).
1, Ukraine, Kharkov vicinities, between Bezludovka and Vasitschevo,
Udy river, terra typica of Vipera nikolskii Vedmederja, Grubant et Rudae-
va, 1986; 2, Russia, Vladimir Oblast’, near Gusevo, Cherseevo village,
terra typica of Vipera berus var. sphagnosa Krassawzeff, 1932; 3, Russia,
Samara, terra typica of Coluber melanis Pallas, 1771; 4, Russia, Sverd-
lovskaya Oblast’, near Blagodat settl., Kushva st., terra typica of Coluber
scytha Pallas, 1773.
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basins of these rivers are inhabited by vipers with mixed
morphological characters of both forms.

A broad zone of intergradation of two vipers is evi-
dence of unhampered interbreeding of these taxa. A ge-
netic similarity of these vipers was confirmed by success-
ful hybridization in captivity and mtDNA structure data
(Joger et al., 1997). Morphological and genetic similarity
and broad zone of intergradation allow consideration of a
Nikolsky’s viper only as a subspecies of Vipera berus.

TAXONOMICAL COMMENTS

The names proposed by Pallas cannot be applied
because terra typica of Coluber melanis and terra typica of
Coluber scytha are located outside the main distribution of
Nikolsky’s viper, in the zone inhabited by vipers with
mixed morphological features. In 1870, K. Pengo used
two names. He described a black-colored female (Pelias
berus var. nigra) and it is normally colored new-borns
(Pelias berus var. varia) and concluded that both black
and typical vipers are color morphs and belong to one spe-
cies. The name nigra is the primary junior homonym in the
genus Vipera Laurenti and was preoccupied by Vipera as-
pis var. nigra Bonaparte, 1834 (recently, junior synonym
of Vipera aspis aspis) (Mertens, Wermuth, 1960). An anal-
ogous situation with varia-name is that used in combina-
tions for the designation of different varietes of the com-
mon adder. Vipera berus var. sphagnosa was described by
B. A. Krassawzeff from territory (Cherseevo village, near
Gusevo town, Ivanovo Oblast’ — recent Vladimir Oblast’)
located far from Nikolsky’s viper range. Invalidity of the
name prester was shown by Vedmederja et al. in 1986. Pe-
lias berus var. ater cited in the work of A. Andrzejowski
(1832) also cannot be applied as a valid name for Nikol-
sky’s viper. In 1820 Merrem used ater for the description
of coloration of the melanistic common adder, but not as
a specific name. A. Andrzejowski in his work mixed all
black adders under the name Vipera prester (= Pelias be-
rus var. ater). Moreover, this name is a junior synonym of
Vipera atra Meisner, 1820 (= Vipera aspis) (Mertens and
Wermuth, 1960). Therefore we should conserve the name
proposed by Vedmederja, Grubant, and Rudaeva in 1986:

Vipera berus nikolskii VEDMEDERJA,
GRUBANT ET RUDAEVA, 1986

Pelias berus — Merrem, 1820: 148 (part.); Schreiber,
1875: 202 (part.).

Vipera berus — Czernay, 1851: 279; Strauch, 1868:
287 (part.); Strauch, 1873: 206 (part.); Lindholm, 1902:
49; Schreiber, 1912: 614 (part.); Brauner, 1904: 30 (part.);

Tarashchuk, 1950: 164; Pashchenko, 1955: 132 (part.);
Bruno and Maugeri, 1990: 191 (part.).

Vipera prester — Eichwald, 1830: 234 (part.); Andr-
zejowski, 1832: 337 (part.); Krynicki, 1837: 61; Grubant
et al., 1973: 71.

Pelias berus var. ater — Andrzejowski, 1832: 337
(part.).

Pelias prester — Dwigubsky, 1832: 29.
Viperus berus (sic!) — Czernay, 1850: 30; Kheruvi-

mov et al., 1977: 44.
Vipera berus var. prester — Kessler, 1853: 92.
Pelias berus var. nigra — Pengo, 1870: 17.
Pelias berus var. varia — Pengo, 1870: 17.
Vipera praester (sic!) — Brauner, 1904: 30.
Vipera berus var. praester (sic!) — Brauner, 1906: 7.
Coluber berus berus — Nikolsky, 1916: 227 (part.);

Ognev and Worobiev, 1923: 250; Ptushenko, 1934: 49.
Coluber berus morpha prester — Ognev and Woro-

biev, 1923: 250.
Vipera berus prester — Krassawzeff, 1932: 80;

Tarashchuk, 1959: 231.
Vipera berus berus — Kren, 1939: 187; Tsemsh,

1939: 110; Mertens, Müller, 1940: 55; Terentyev and
Chernov, 1949: 271 (part.); Mertens and Wermuth, 1960:
198; Bannikov et al., 1971: 294 (part.); Steward, 1971:
164 (part.); Street, 1979: 194 (part.); Welch, 1983: 86;
Brodmann, 1987: 101 (part.).

Vipera nikolskii Vedmederja et al., 1986: 84; Golay,
1993: 287; Tabachishin et al., 1996: 60; Nilson and And-
rén, 1997: 396; Ananjeva et al., 1998; Bakiev et al., 1999:
4; Franzen and Heckes, 2000: 63; Pavlov, 2000: 48; Bo-
zhansky, 2001: 348.

Vipera barani — Stumpel-Rienks, 1990: 114.
Vipera berus nikolskii — Joger et al., 1997: 193.
Holotype and terra typica. MNKNU. 14703. adult

female, near Bezludovka and Vasishchevo, Kharkov vicin-
ities, Udy river, Ukraine, leg: K. Pengo, 1867.

Paratypes. MNKNU 14703.12 juv.,; ZISP 3376.2
juv. (now lost); ZISP 22012.2 juv. All from the same
locality.

Diagnosis. Black colored subspecies of Vipera berus
with increased number of loreal, ventral, and subcaudal
shields. One or two rows of the shields behind eye and be-
tween supralabials and eye. Deeply forked hemipenes are
elongated (Table 2).

Redescription. L.min-max ad 440 – 760, L. ��
(n = 56) 440 – 645 (512 ± 6.8) mm, L. �� (n = 72)
450 – 760 (576 ± 6.7) mm; L.cd.min-max ad 37 – 105, L.cd.
�� (n = 55) 70 – 105 (86.2 ± 1.3) mm, L.cd. �� (n = 71)
37 – 99 (74.1 ± 1.1) mm; Sq.min-max 19 – 23, Sq. ��
(n = 251) 21 – 23 (21.40 ± 0.05), Sq. �� (n = 206) 19 – 23
(21.41 ± 0.06); Ventr.min-max 140 – 160, Ventr. ��
(n = 271) 140 – 160 (150.03 ± 0.18); Ventr. �� (n = 215)
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143 – 160 (153.39 ± 0.22); S.cd.min-max 26 – 50, S.cd. ��
(n = 262) 33 – 50 (41.21 ± 0.15), S.cd. �� (n = 203)
26 – 38 (32.82 ± 0.17); Lab.min-max 5 – 11, Lab. ��
(n = 251) 5 – 11 (8.96 ± 0.03), Lab. �� (n = 210) 8 – 11
(9.07 ± 0.03); Slab.min-max 7 – 13, Slab. �� (n = 199)
7 – 13 (10.67 ± 0.05), Slab. �� (n = 158) 9 – 13
(10.79 ± 0.06); C.oc.min-max 7 – 12, C.oc. �� (n = 187)
7 – 12 (9.73 ± 0.66), C.oc. �� (n = 147) 7 – 12
(9.61 ± 0.07); S.oc. �� (n = 188) 1 – 2 (1.21 ± 0.02);
S.oc. �� (n = 151) 1 – 2 (1.39 ± 0.03); Ic.min-max 1 – 19, Ic.
�� (n = 188) 1 – 18 (8.96 ± 0.24), Ic. �� (n = 147)
2 – 19 (8.81 ± 0.25); Pf.min-max 0 – 15, Pf. �� (n = 188)
0 – 15 (7.64 ± 0.17), Pf. �� (n = 147) 0 – 14 (8.27 ± 0.19);
Lor.min-max 1 – 7, Lor. �� (n = 186) 1 – 6 (3.39 ± 0.07),
Lor. �� (n = 143) 2 – 7 (4.25 ± 0.08); Lfr�Ltfrmin-max
0.77 – 1.78, Lfr�Ltfr �� (n = 133) 0.77 – 1.78
(1.39 ± 0.01), Lfr�Ltfr �� (n = 109); 1.09 – 1.78
(1.40 ± 0.01).

One-two shield rows between supralabials and eye;
one-two shield rows behind the eye; head pholidosis pat-
tern, shape, size, number and arrangement of scales is
variable. Number of the scales around the eye is increased
(Fig. 5). In comparison to V. b. berus hemipenes are large,
with elongated apical lobes, well expressed spines, spine
lines and basal hooks.

Adult coloration is totally black, only the tip of tail is
pigmented by yellow, orange or whitish. In some cases the
adults, especially females, have light dots and spots on
supralabials and ventrals and reddish-brown colored
throat. Non melanistic individuals are rarely encountered.
Brown-colored specimens with zigzag on the dorsum
(weakly expressed sexual dichromatism), monochromatic
brown-colored without zigzag and berus-like colored
specimens are represented in some populations with a fre-
quency of 10%. The coloration of young specimens is
gravel, reddish-brown or deep-brown.

Variation. Individual variability in pholidosis charac-
ters is very high. Amongst different populations average
values of characters vary significantly. Similarity between
V. b. berus and V. b. nikolskii increases from southern-east
to northern-west. Snakes from intermediate populations
have mixed morphological characters. The venom compo-
sition is mixed in some populations (Samara Oblast’,
Sumy Oblast’) (Mursaeva et al., 1995; Starkov and Utkin,
2003).

Differences are known between western (Ukraine) and
eastern (Russia, Volga Basin) populations in pholidosis
and body size. Small body size in females and a reduced
number of ventral shields are typical for the eastern popu-
lation. A ratio of second and third upper labial heights
was used by V. N. Grubant et al. (1973) as diagnostic char-
acter. This character shows wide geographical variability.
This ratio is 0.73 – 1.00 for vipers from Kharkov and

0.80 – 1.16 for individuals from Saratov Oblast’ (Vedme-
derja et al., 1986; Tabachishin et al., 1996).

In the “pure” populations of V. b. nikolskii located far
from contact zone with V. b. berus, all adults are totally
black with exception of tail tip. In the hypothetical inter-
gradational zone (Perm Oblast’, Samara Oblast’, Udmur-
tia, Tatarstan, northern part of Saratov Oblast’, possibly
Kursk Oblast’), the black-colored and light-colored indi-
viduals with zigzag live together (Ptushenko, 1934; Tara-
shchuk, 1950; Tabachishin et al., 1996; Al-Zavakhra,
1992; Pavlov, 2000; our data). The normally patterned
snakes are not numerous. For example, in Tatarstan the
non black coloration is presented in 4.5% (Al-Zavakhra,
1992). The white colored upper labials, reddish throat,
light spots on the ventral and other light elements in color-
ation were registered in such a mixed population (Sokolov,
1979; Zinenko and Ruzhilenko, 2003). Moreover, a mono-
chromatic grayish-beige colored specimen is known
(ZISP 21295).

The coloration of young specimens varies from gravel
to dark-brown with atro-olivaceus, saturate-fumosus or
murinus background and atro-brunneus, atro-olivaceus or
atro-cinnamomeus zigzag. Young males are brighter col-
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Fig. 5. Polymerized head scalation in V. b. nikolskii.

TABLE 2. Comparison of Two Subspecies of Vipera berus

Vipera berus berus Vipera berus nikolskii

0- – 70 % of adults are black, sexual
dichromatism in the dorsal pattern
is well expressed, juvenile color-
ation is grayish-brown

90 – 100% of adults are black, sex-
ual dichromatism in the dorsal pat-
tern of coloured specimens is weak-
ly expressed, juvenile coloration is
reddish-brown

1 row of scales between supralabial
shields and eye

1 – 2 rows of scales between supra-
labial shields and eye

19 – 21 rows of scales around mid-
body

21 – 23 rows of scales around mid-
body

Average number of ventral shields
is 144 – 149

Average number of ventral shields
is 150 – 155

Hemipenes are relatively short,
shallowely-forked

Hemipenes are large, deeply forked,
with elongated apical lobes

Venom is yellowish Venom is colorless



ored, with grayish background, females are light-brown.
Iris coloration varies from reddish (rufescens), chestnut
(spadiceus) and brown (rubiginosus, argillaceus, pruni-
color) in the upper part to umbrius, atro-castaneus, niko-
tianus, bistraceus, sordide violaceus and niger in the lower
part.

In the second year young snakes have cacao-fuscus
color with feebly marked zigzag and light dots on the
supralabials and ventrals. At the age of 3 – 4 years they get
adult coloration.

Sexual dimorphism. Sexual dimorphism at V. b. ni-
kolskii in coloration was reported for Tambov Oblast’
(Kheruvimov et al., 1977). A chestnut-colored iris is typi-
cal in males and from ochre-yellow to reddish in females.
The lower part of the tail tip is black in males and terracot-
ta-pale or sepia with terracotta-pale dots in females. In the
Kharkov Oblast’ and in the vicinities of Kanev the tail tip
is bright colored (yellow, orange) in females, and whitish
in males. Males with completely black tail are rare. Iris in
snakes from Kharkov vicinities is umber, chestnut- and
deeply chestnut-colored in males and reddish-brown in fe-
males. Like in the Tambov Oblast’, males from Kanev
have chestnut-colored iris and females have ochre-yellow,
reddish and reddish-pale-colored iris.

Non melanistic, normally colored males and females
with zigzag may have no differences in dorsal coloration.
Hence sexual dimorphism of the coloration pattern in
V. b. nikolskii is weakly expressed and connected with
some details of coloration. Unlike V. b. berus (Bruno and
Maugeri, 1990; Shine and Madsen, 1994), in V. b. nikol-
skii, the phenomenon of sexual dichromatism is well visi-
ble in juveniles only.

Sexual dimorphism is present in pholidosis characters.
Like in V. b. berus, females of V. b. nikolskii have an in-
creased number of ventralia, subcaudalia, intercanthalia,
parafrontalia, lorealia, squamae dorsalis, supralabialia,
sublabialia, and rows of subocularia.

Range. V. b. nikolskii inhabits the south and south-
eastern part of the East European Plain, from Podolia Hills
in the west to Cis-Volga Hills. Its range includes territories
of Moldova, probably Romania (Fuhn and Vancea, 1961),
Central Ukraine, and southern part of European Russia. In
Ukraine it occurs in Odessa Khmelnitsky, Vinnitsa, Kiro-
vograd, Cherkassy, Kiev, Poltava, Sumy, Kharkov, Lu-
gansk, and Donetsk Oblast’s; in Russia — in Kursk, Bel-
gorod, Voronezh, Tambov, Penza, Saratov, and Volgograd
Oblast’s.

The northern limit of distribution agrees with descrip-
tion of Vedmederja et al. in 1986. However new records of
V. b. nikolskii, on the left bank of the Kodyma River in
Balta District on the north of Odessa Oblast’ (Tabachishin
et al., 2003), near Shepetovka in Khmelnitsky Oblast’ of

Ukraine, in Orgei Oblast’ of Moldova expand the border of
distribution to the west.

The intergradation zone between V. b. berus and
V. b. nikolskii covers the broad territory of eastern Ukraine
and Central and Eastern European Russia. Vipers with in-
termediate morphological characters are recorded for the
territory of Cherkassy, Kiev, Chernigov, and Sumy Ob-
last’s in Ukraine and Kursk, Tambov, Samara, Perm, Pen-
za Oblast’s, Tatarstan, Chuvashia, Udmurtia, and Bashkor-
tostan in Russia. Northern Ukraine, Belarus’, Northern
and North-Eastern European Russia are inhabited by
V. b. berus.

Habitats. V. b. nikolskii inhabits preglacial landscapes
to south from the border of maximum glaciation in the
Eastern European Plain. The distributional range em-
braces a woodland steppe zone, sometimes V. b. nikolskii
penetrates to steppe zone along the river valleys (Donets
River, Don River) and the hills (Donetskii Kryazh).

Distribution of V. b. nikolskii correlates with location
of forest refugia that were existing during maximum stage
of Valdai Glaciation at 18 – 20 thousand years ago in the
middle part of Don and Volga river basins. Some of these
refugia placing on hills were reservations of genetic diver-
sity of Vipera berus.

Some authors (Andrén and Nilson, 1981; Madsen and
Stille, 1988) proposed a hypothesis that the black morph of
V. berus has some preferences under cold climate condi-
tions in comparison with the normally colored one. How-
ever there are facts contradicting this hypothesis. The
warmest part of V. berus range is inhabited only by mela-
nistic adders. It may be supposed that the change to black
coloration took place during the Ice Age as an adaptation
to rough conditions in preglacial landscapes.

Dispersal routes. Apparently, the south-eastern part
of East European Plain was occupied by V. b. nikolskii be-
fore the Dnepr Glaciation. The territory that was created
from Dnepr and subsequent Valdai Glaciation was occu-
pied by taiga forests and recent V. b. berus accordingly. To
the west, the fauna dispersed from Eastern refugia. The
relict V. b. nikolskii together with other species of the
East-European faunistic complex were able to survive in
refugia in the Middle Volga, Middle Don and Donets
rivers, Lower Dnepr river, and Prut river valley.

Remarks. Two different morphotypes in V. berus are
known. Typical adders have a splay edge of the snout, de-
creased number of the scales in pileus, one row of the
shields around eye. The second morphotype is character-
ized by flat upper surface of the snout, sometimes the
snout is slightly turned up; two rows around the eye and
increased number of small shields on pileus (Gasc and
Gourmain, 1968). Both morphotypes are presented in
V. b. nikolskii populations. Also this polymerized aspis-
like type of squamation in V. b. bosniensis is common. A
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pileus pattern with numerous small shields is rarely ob-
served in V. b. berus (Benson, 1999).

Probably, V. b. nikolskii is closely related to Balkan
subspecies V. b. bosniensis. These subspecies exhibit a
tendency to increase of number of prefrontal, loreal and
postocular shields. In contrast to V. b. berus, both V. b. ni-
kolskii and V. b. bosniensis have more intense and brighter
body coloration. It is important to notice that these relict
subspecies survived in Ice Age refugia and retained some
ancestral characters. Moreover, V. b. bosniensis is allied to
species of V. aspis-complex as distinct from V. b. nikolskii.
Separately, we should mention presumptive close affini-
ties between V. b. nikolskii and V. barani. Good morpho-
logical differences and genetic distance between these
species were shown early after molecular analysis (Joger
et al., 1997) and completed analysis of morphological
characters (Franzen and Heckes, 2000) of both forms.
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APPENDIX. The list of sampled localities

Vipera berus berus: Ukraine — Zakarpatskaya Oblast’, Be-
rehove and Vinogradiv Distr. (sample 1); Zakarpatskaya Oblast’,
V. Berezan Distr., Svalyava settl. and Perechin settl. (sample 2);
Zakarpatskaya Oblast’, Volovets and Turka Distr., Mezhhirya
(sample 3); Zakarpatskaya Oblast’, Rakhiv Distr. and Ivano-
Frankivska, Verhovyna Distr. (sample 4); Volyn Oblast’ (sample
5); Sumy Oblast’, S. Buda Distr. (sample 16); Russia — Karelia,
Segozero, Suojarvi Distr., Toyvola vill., Tolvojarvi vill., Sortava-
la, Risklan-sari is., Vygozero (sample 20); Leningradskaya Ob-
last’, near Vyborg, near Zelenogorsk, Priozerskii Distr., near Vu-
oksa lake, near Petergof, Gatchina Distr., Siverskaya settl., Luga
Distr., Lodeinoe Pole Distr., Gumbaritsy vill. (sample 9); Novgo-
rod Oblast’, Mosheno Distr., Kocherovo vill., Opochetskii Posad
settl. (sample 14); Pskov Oblast’, Porkhov Distr., Gvozdno vill.,
near Sebezh town, near Plussa st., Pechery Distr., near malye
Kalki vill. (sample 6); Vologda Oblast’, Darvinovsky Resrve;
Yaroslavl Oblast’, Pereyaslavsky Distr., Pletschevo Lake, Rostov
Distr.; Tver Oblast’, Beloye Lake (sample 24); Moscow Oblast’
(sample 33); Kostroma Oblast’ (sample 37); Arkhangelsk Ob-
last’, Onega Distr.; Komi, southern part; Tula Oblast’, Venev
Distr. and Zaokskii Distr. (sample 32); Ryazan Oblast’; Sverd-
lovskaya Oblast’; Tomsk Oblast’ (sample 44); Belarus’, Vitebsk
Oblast’ (sample 8); East Kazakhstan (sample 43); East Siberia
(sample 45); Yakutia (sample 46);

Vipera berus nikolskii: Moldova, Strashensky Distr.
(sample 7); Ukraine — near Kharkov, between Vasishchevo and
Bezludovka (sample 25); Kharkov (sample 26); Kharkiv, north-
ern vicinities (sample 27); Kharkov Oblast’, Krasnokutsk Distr.
(sample 21); Kharkov Oblast’, Dergachi Distr. (sample 28);
Kharkov Oblast’, Chuguev Distr. and Pechenegi Distr. (sample
29); Kharkov Oblast’, Zmiyev Distr. (sample 30); Kirovograd
Oblast’, Znamenka settl. (sample 15); Poltava Oblast’ (sample
17); Sumy Oblast’, Akhtyrka Distr. (sample 22); Lugansk Ob-
last’ (sample 34); Russia — Kursk Oblast’, Dmitriev Distr.; Bel-
gorod Oblast’ (sample 31); Voronezh Oblast’, Khoper Reseve
(sample 35); Saratov Oblast’, near Alekseevka, Arkadak Distr.,
near Semenovka vill. (sample 38); Volgograd Oblast’, Don
River, Log st., Mikhaylovka Distr., Medveditsa Riv.;

V. b. berus�V. b. nikolskii: Ukraine — Kiev Oblast’, right
bank of the Dnepr riv. (sample 10); Kiev Oblast’, left bank of the
Dnepr River (sample 11); Cherkassy Oblast’, near Kanev, right
bank of the Dnepr River (sample 12); Cherkassy Oblast’, near
Kanev, left bank of the Dnepr River (sample 13); Sumy Oblast’,
Putivl Distr., N. Sloboda settl. (sample 18); Sumy Oblast’, Putivl
Distr., Spadschina settl. (sample 19); Sumy Oblast’, Sumy Distr.
(sample 23); Russia — Tambov Oblast’, near Kirsanov and Vo-
rona River (sample 36); Chuvashia, Alatyr Distr., “Prisurskii”
Reserve (sample 39); Udmurtia, Sumsi Distr., Kilmez vill., near
Karakulino, Yashkur-Bodya Distr. (sample 41); Perm Oblast’,
Uktu st. and Kungur Distr., near Kishert settl. (sample 42); Penza
Oblast’, Lashma; Zemetchino Distr., Dolgovo settl.; near Samara
(sample 40); Bashkortostan, Belaya River; Bashkortostan, Bash-
kirskii Reserve; Hybrids (sample 47).
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MORPHOLOGICAL VARIATION AND SEX RATIO IN THE LEOPARD SNAKE
(Zamenis situla) FROM SOZOPOL (BULGARIA)

J. Moravec1 and W. Böhme2

Keywords: Serpentes, Colubridae, Zamenis situla, scalation, color polymorphism, sex ratio, Bulgaria.

INTRODUCTION

Zamenis situla (Linneaus, 1758) (sensu Utiger et. al.
2002) is a rare snake found throughout south and south-
eastern Europe to Asia Minor and Crimea (Baran, 1976;
Obst et al., 1993; Sofianidou, 1997). Until now, very little
is known about its general morphological variation. The
published data (e.g., Baran, 1976; Bruno, 1969; Obst et al.,
1993; Szczerbak, 1966) are based mostly on small mu-
seum samples (sex often pooled), which do not allow a
deeper comparison or generalization. Therefore, a unique
old series of 85 museum specimens of Z. situla from east-
ern Bulgaria was examined with the aim to complete our
knowledge on morphology and sex ratio in this species.

MATERIAL AND METHODS

The material consisted of 85 museum specimens of Z.
situla (55 males, 30 females) kept in the herpetological
collections of the National Museum Prague (NMP) and
the Museum Koenig Bonn (ZFMK). All the individuals
originate from the vicinity of Sozopol, eastern Bulgaria.
They were apparently collected at the same locality just af-
ter hibernation in 1981 – 1983.

The examined animals were sexed according to exter-
nal features and in dubious cases by dissection. Snout-vent
length (SVL), caudal length (CL) and total length (TL)
were taken by a plastic rule to the nearest 1 mm. Upper
labials were counted for the left and right side separately.

Two general types of the color pattern were distin-
guished to describe the color polymorphism in the given
population: (1) striped color morph (called “situla”) and
(2) blotched morph (called “leopardina”). The latter was
subdivided in to three other color subtypes: (i) one row of
blotches, (ii) two complete rows of blotches, and (iii) two
rows of blotches on at least one third of the body.

RESULTS AND DISCUSSION

Total length. The general size distribution (Fig. 1)
shows two peaks (300 – 500 and 700 – 850 mm) and the
two groups are regarded as subadults and adults, respec-
tively (the limit was arbitrarily fixed at 600 mm TL). The
ratio of subadults to the adults in the sample is 2.5:1. The
actual total size range involves both the known minimum
size of juveniles (276 mm) as well as the known maximum
size of males (1046 mm).

Scalation. The Sozopol sample has the following
scale counts (mean, range, n): dorsals 26.1, 23 – 27, 85;
upper labials 7.7, 6 – 9, 85; ventrals of males 234.6,
223 – 242, 55; ventrals of females 243.0, 234 – 249, 30;
subcaudals of males 87.7, 81 – 94, 54; subcaudals of fe-
males 77.8, 74 – 83, 29.

In comparison with the published data summarized by
Obst et al. (1993) the Sozopol population has wider range
of upper labials. Frequent occurrence of specimens having
less than 8 upper labials at least on one head side (42.4%)
seems to be typical feature of this local population.

In males the range of subcaudals exceeds considerably
the upper limit published for the populations from Italy,
Malta, former Yugoslavia, and Greece (82 – 85, sex not
determined; Bruno, 1969) and lies at the upper values of
the ranges given for Crimea (74 – 92, mean not available;
Szczerbak, 1966) and “Turkey” (75 – 90, mean 86, the
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Fig. 1. Size distribution in the Sozopol population of Z. situla.



sample does not consist completely of Turkish specimens;
Baran, 1976).

Sexual dimorphism and sex ratio. Sexual differ-
ences in the number of ventral and subcaudal scales are
shown in Figs. 2 and 3. The sexual dimorphism in the ratio
of caudal length to the snout-vent length is obvious from
Fig. 4.

Total sex ratio is 1.83:1 in favor of the males. In the
subadult and adult part of the sample it is 1.65:1 and 2.43:1
respectively. Regarding the fact, that all the examined
specimens were collected at the same locality just after
emerging from the winter shelters, we can suppose that the
obtained data may fairly well reflect the real situation in
the given population. Thus, in comparison with the only
published value of sex ratio in Z. situla (4.67:1, Crimea;
Szczerbak, 1966) our data argue for a more balanced sex
ratio in this species.

Color polymorphism. The striped “situla” color
morph represents 14% of the sample, the blotched “leo-
pardina” morph 86%. Specimens bearing one complete
row of blotches represent 34% of the sample, the individu-
als with two complete rows of blotches 5% and the ani-
mals having two rows of blotches on at least one third of
their body 47%. In most individuals belonging to the two
last groups the blotches show a tendency to alternate to
form the so-called “hohenackeri-pattern” (sensu Obst et
al., 1993). Despite a slightly lesser frequency of females
bearing stripes or two rows of blotches (Fig. 5), which
could correspond to a cryptic function of blotched pattern
(e.g., Volf et Werner 1994), no significant sexual dichro-

matism in the dorsal pattern (÷2 = 2.15, df = 3, P > 0.05)
was found.

CONCLUSION

The Sozopol population of Z. situla apparently repre-
sents a small marginal metapopulation existing at the
north-eastern border of the species range (Obst, 1981; So-
fianidou, 1997). Therefore, some of the peculiarities found
in scalation and coloration (lower number of upper labials,
higher number of subcaudals in males, frequent occur-
rence of so called “hohenackeri- pattern”) can reflect its
probably high degree of isolation. However, only a thor-
ough study of the morphology of Z. situla over its entire
range will provide a picture of its general morphological
variation.
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DIAGNOSTIC TRAITS IN THE MORPHOLOGY OF GREEN FROGS (Rana esculenta

COMPLEX) IN THE MIDDLE DNEPR BASIN

O. Nekrasova,1 S. Mezhzherin,1 and S. Morozov-Leonov1

Keywords: morphological variation, diagnostic characters, Rana esculenta complex.

INTRODUCTION

To solve problems of diagnostics specimens belonging
to the green frogs of the Rana esculenta complex (Rana
ridibunda Pall., 1771; R. lessonae Camerano, 1882; and
their hybrid R. esculenta Linnaeus, 1758) on the basis of
morphological traits has become possible only after suc-
cessful using of the genetic markers (Mezhzherin and Mo-
rozov-Leonov, 1992). The morphological analysis of
hybrid populations of green frogs was carried out, among
other regions, in Poland, Hungary, France, Germany, Lat-
via, Russia, and Ukraine.

Morphological features are known to be subject to sig-
nificant geographical variability. They depend on ploidy
of hybrids and often are not fully reliable in mixed popula-
tions. Studies of diagnostic traits that allow taking into ac-
count the genetic variability and habitat choice of the pop-

ulations are of particular interest. These traits also may be
the most reliable ones when distinguishing representatives
of the Rana esculenta complex. The aim of the present
study was to detect the most effective diagnostic indices
using the ANOVA-MANOVA, discriminant analyses.

MATERIAL AND METHODS

Investigations were carried out in the Middle Dnepr
basin (Fig. 1) from 1992 — 2002 on the basis of series of
specimens that were genetically identified using electro-
phoresis. A total of 854 specimens of the Rana esculenta
complex from 52 localities were analyzed. Sixteen stan-
dard morphometric indices (Terentiev, 1950; Berger, 1968,
1973; Nekrasova and Morozov-Leonov, 2001) were used
(see Fig. 2): head — Lt.c.�S.n., L.�D.r.o., L.�Sp.oc.,
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Fig. 1. Study area: the Middle Dnepr Basin.
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L.�L.o., L.�Lt.c., L.�Sp.p., L.�L.tym., L.�S.n.; limbs —
L.�T., T.�IVD., L.�C.s., D.p.�C.in., T.�C.in., F.�T.,
T.�C.s., and index of Tarashchuk (1985): Ix = T.�C.in. �

� D.p.�C.in. � T.�C.s. Several coloration traits (see Ne-
krasova, 2002) were also recorded: (1) general body color,
(2) number and size of the dorsal spots, (3) presence of
dorsal-medial stripe, (4) number of stripes on the limbs
(tibia, femur); (5) pigmentation of the ventral side (Figs. 2
and 3). The obtained morphometric ratios were used in
standard statistical analysis using the discriminant, cluster
and factor analysis modules of Statistica for Windows v.
5.0 (StatSoft, Inc., 1984 – 1995, USA).

RESULTS AND DISCUSSION

Populations of green frogs in Middle Dnepr basin are
characterised by several genetic and morphological pecu-
liarities. The most significant diagnostic indices of the

hind legs were determined green frogs genetic forms (Ix,
D.p.�C.in., T.�C.in.). Limits of variability were specified
(for most of the individuals): Ix – R. lessonae < 21 < hy-
brid < 32 < R. ridibunda; D.p.�C.in. — R. lessonae < 1.8 <
hybrid < 2.3 < R. ridibunda; T.�C.in. — R. lessonae < 6.7
< hybrid < 8.3 < R. ridibunda.

Comparison of the results obtained using discriminant
and factor analysis shows that it is possible to identify only
three basic forms. The more clear results were achieved in
distinguishing of parental species (Table 1): R. ridibunda
(99%) and R. lessonae (97%). The hybrids were the least
distinguishable (95%). The diagnostics gives the most re-
liable results when all the selected indices are included
into the analysis. Contrary to that, the use of single traits
resulted in 10 to 50% identification error. Traditionally
used for diagnostics T.�C.in. and D.p.�C.in. provide the
most accurate identification (91 and 88%, respectively).

To further improve the diagnostic resolution, the
morphometric indices were compared to the body color-
ation pattern. The phenetic traits of Rana esculenta are
largely intermediate between the two paternal species
(Fig. 4), although some traits may be closer to one of the
paternal species. This effect could be due to dominant-re-
cessive gene interactions, which may influence the color-
ation pattern. It was shown that the level of the fluctuating
asymmetry of dorsal spots in the hybrids exceeds one of
the paternal species (Nekrasova, 2002).
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nae); 1, dorsal stripe; 2, basic stripes (or spots) on front limb; 3, dorsal
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TABLE 1. Ratio of Diagnosed Individuals of Paternal Species and Their Hybrids According to Different Traits (Terentiev, 1950) Combinations, Cal-
culated by the Medium of Discriminant Analysis

Traits
3 forms, %

All, %
R. lessonae hybrid R. ridibunda

Indexes (head): L.c.�Lt.c., L.c.�L.o., Sp.oc.�D.r.o., Lt.c.�S.n., L.�D.r.o., L.�Lt.c., L.�Sp.p., L.�L.tym. 89.6 50.6 87.2 80.0

Indexes (limbs): Ix, F.�T., T.�IVD., 2IVD.�D.p., C.s.�2IVD., L.�T., T.�C.s., T.�C.in., D.p.�C.in. 96.9 95.2 99.0 98.0

Coloration (1 – 5, see Material and Methods ) 88.6 50.0 92.9 80.2

50 3.5
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The indexes of the head as well as the coloration traits
allow for discriminating parental species at the level of
89 – 93%, while hybrids are only diagnosed at levels
around 50%.

The following characteristics were identified to be the
most significant for the diagnostics:

� Color traits and body pattern: color of vocal sacs,
the location and the number of stripes on the limbs.

� Standard morphometric indexes: Ix, T.�C.in.,
D.p.�C.in.

� Other morphological characteristics: the form of
internal metatarsal tubercle, position of the tight articula-
tion (Terentiev, 1950; Berger, 1973).
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THE CONTRIBUTION OF CYTOGENETICS
TO THE SYSTEMATICS OF REPTILES

E. Olmo,1 T. Capriglione,2 G. Odierna,2 and L. Kupriyanova3

The karyology of more than 1300 species of reptiles were studied till now, using cytological standard, banding and
molecular methods. These studies gave an important contribution to the knowledge of the systematics and phylogeny
of all the order of reptiles. Indeed they evidenced differences in karyotypical evolutionary rates and chromosome or-
ganisation between turtles and crocodiles on one hand and lizards and snakes on the other. Moreover, they provided
information on the role of chromosome rearrangements in speciation and in other evolutionary processes. Very useful
were also the results regarding the genetic mechanisms of sex determination, especially in squamates, and the identi-
fication of the steps of sex chromosomes differentiation.

Keywords: Cytogenetics, chromosome structure, chromosome evolutionary rate, speciation, sex chromosomes.

DISCUSSION

An Historical Survey

The first description of the chromosome number of a
reptile dates from 1897, when Tellyesniczky counted
20 – 28 elements in Lacerta agilis. Subsequent pioneering
work came from Loyez in 1905, and Trinci in 1908 on An-
guis, and from Jordan in 1914 on two chelonians. In 1921
Painter, while studying the spermatogenesis of iguanids
and teiids, first reported the existence of macro- and mi-
crochromosomes (Fig. 1) (see Matthey, 1949). True sys-
tematic studies started to appear in the 1930s and 1940s,
after the works by the Japanese researchers Makino, Naka-
mura, and Oguma, and by Matthey who in 1949 published
the first review of the karyology of vertebrates, “Les Chro-
mosomes des Vertébrés,” where for the first time advanced
a hypothesis on the phylogenesis of squamates based on
the study of karyotypes that largely agreed with the classi-
fications based on morphological data (see Matthey, 1949;
Gorman, 1973).

Reptilian chromosome studies were boosted in the
1960s by the application to these vertebrates of the tech-
niques developed by Ford and Hamerton, who used col-
chicine to arrest mitotic division and hypotonic pre-treat-
ment to swell cells and spread the chromosomes. Reptilian
cytotaxonomy thus received a marked acceleration in the
1960s and especially the 1970s (Fig. 2) (Gorman, 1973).

Among saurians, interesting investigations were con-
ducted by Gorman on the cytotaxonomy of iguanids; by
Cole and by Lowe on inter- and intraspecific variability in
Sceloporus and Cnemidophorus; by Kupriyanova and
Darevsky on the karyology of lacertids; by Sokolovsky on
the karyology of agamids; by Max King and by Kupriya-
nova on skinks and by Max King on varanids and gekko-
nids (see Gorman, 1973; Olmo, 1986). The most signifi-
cant studies of snake karyology were published by Becak
and Becak and by Singh and Ray-Chaudhuri. In 1968,
Wylie and co-workers determined the karyotype of Sphe-
nodon punctatus. Huang and Gans wrote several reports
on amphisbaenians and Cohen and Gans determined the
karyotype of all living crocodiles (see Gorman, 1973). In-
depth studies of the cytotaxonomy of turtles, conducted by
Killebrew and, especially, the group of John Bickham, be-
gan at the end of the 1970s (see Olmo, 1986).

Another step forward in cytogenetic studies was
marked in the 1970s by the development of various chro-
mosome banding techniques, which allowed to perform
more detailed analyses of chromosome morphology and to
garner information on the preferential location of specific
DNA sequences along the chromosomes. These tech-
niques began to be applied to reptiles in the mid 1970s and
proved to be especially helpful in the study of the cytota-
xonomy of cryptodiran turtles (see Bickham, 1983).

In the 1980s, studies of reptilian chromosomes were
still fairly numerous (Fig. 2). Conventional and banding
techniques were employed by Bickham and colleagues
(Bickham and Carr, 1983) and Bull and collaborators (Bull
and Legler, 1980) to analyze the karyology of turtles; by
Max King (King 1990) and Craig Moritz (Moritz and
King, 1985) to investigate parthenogenetic gekkonids; by
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Kupriyanova (Kupriyanova, 1994) and by the Naples
group, made up of Teresa Capriglione, Gaetano Odierna,
and E. Olmo, to study the lacertids (Olmo et al., 1990) and
by Donnellan (1991a, 1991b) to study the scincids.
Among ophidians Gregory Mengden studied the karyol-
ogy of the elapids (Mengden 1982, 2000; Olmo, 1986).

In the 1990s, research into the cytotaxonomy of rep-
tiles declined (Fig. 2), owing especially to the develop-
ment of techniques to analyze the mitochondrial genes,
even though new methods of isolation and characterisation
of specific DNA sequences would permit a more exhaus-
tive study of chromosome composition, hence a more re-
fined comparative analysis. At present, few groups are
studying the karyology of reptiles with any continuity.
Among these are Larissa Kupriyanova and her colleagues
in Russia, Teresa Capriglione and Gaetano Odierna in It-

aly, Hidetoshi Ota and his co-workers in Japan, and Yone-
naga-Yassuda and his group in Brazil.

Cytogenetics, Systematic,
and Phylogeny

To date, more than 500 papers have been published on
reptilian karyology, and the karyotypes of over 1300 (or
18%) of the over 7900 living species have been deter-
mined (Table 1). The more comprehensive studies are
those on crocodiles, of which all 23 living species have
been karyotyped, and those of turtles, of which more than
50% of all species have been studied. In saurians and
amphisbaenians this proportion is around 20%; and in
snakes about 12%. Most of these investigations have used
conventional staining methods, while banding techniques
have been employed in about 23% of the species studied,
especially chelonians.

A different level of karyological variability character-
ises turtles and crocodiles on the one hand and squamates
on the other. In the first two orders, gross chromosomal
morphology, and often also G-banding, vary very little at
both the inter- and the intra-familial level and differences
between similar species are rare (Bickham, 1984; Olmo,
1986). By contrast, in squamates differences are marked
not only between lizards and snakes, but also among the
various families of each suborder and among similar spe-
cies of the same family, and intra-specific variability is far
from being uncommon (Olmo, 1986; Olmo et al., 2002)

In the 23 species of crocodiles studied to date, only 8
different karyotypes have been identified (Cohen and
Gans, 1970), all exhibiting similar G-banding patterns
(King et al., 1986). The most primitive karyotype would
be the one with 32 chromosomes that is found in the gavial
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Fig. 1. Figures from some of the early studies on reptiles’ karyotypes
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and in several species of Crocodylus, Caiman, and Alliga-
tor; the most derived would be the one with 2n = 42, rich
in uniarmed chromosomes, that is found in Melanosuchus,
Paleosuchus, and Caiman. Karyological analysis allowed
Cohen and Gans (1970) to outline a scheme of crocodile
evolution that agrees quite well with the hypotheses based
on morphological data (see also Bickham, 1984)

Among turtles, cryptodires are especially conservative
karyologically. The study of their karyological evolution
by Bickham and co-workers (Bickham and Carr, 1983) has
allowed to make the most exhaustive comparative analysis
at the level of suborders and to propose a karyological
phyletic tree differing very little from those based on mor-
phological data. These researchers investigated various
species of all the families of the suborder, also using the
banding techniques, and demonstrated that the origin of
the majority of cryptodiran families has entailed few, if
any, chromosome changes, and that the chromosome num-
ber 1 has probably remained unaltered for at least 100 mil-
lion years (Bickham and Carr, 1983; Bickham, 1984).

In squamates, karyological studies have been more
useful for the study of the taxonomic relationships
between genera of the same family or species of the same
genus.

Two tentative hypotheses have been advanced to ac-
count for the karyological evolution of saurians: one holds
that the ancestral karyotype consisted solely of uniarmed
chromosomes, the other that this karyotype was identical
to the one with 12 biarmed macrochromosomes and 24
microchromosomes that is found in many living species of
nearly all families. The latter hypothesis is preferred be-
cause it is the more parsimonious. Nonetheless, as G-
banding studies have shown that the karyotypes of species
of the same family sharing the same gross morphology
exhibit several differences in G-banding (Moritz, 1986), it

is impossible to establish with any degree of certainty
whether the karyological affinities of these reptiles reflect
real similarities or are the result of mere evolutionary
convergence. The same considerations apply to ophidians
(Mengden et al., 1986).

Some of the more detailed studies on saurian karyo-
logy have been conducted on iguanids, teiids, and gekko-
nids. In iguanids, the separation of the various subfamilies
should have resulted, with few variations if any, from a
karyotype with 12 biarmed macrochromosomes and 24
microchromosomes, which is considered basal. Within the
different lineages, karyological evolution would then have
followed different trends; in particular, the species-richest
genera, such as Anolis, Sceloporus, and Liolaemus, exhibit
the highest inter- and intra-specific chromosome variabil-
ity noted in reptiles to date (Gorman, 1973; Bickham,
1984). These variants often characterise different popula-
tions or species and seem to be related to colonising radia-
tions and to periods of intense speciation (King, 1993). In
teiids, cytotaxonomic studies demonstrated earlier than
other methods the wide divergence between macroteiids
and microteiids, which were subsequently elevated to
family rank. Karyology also evidenced two distinct groups
in macroteiids: the Dracaena group, characterised by a
typical 12 + 24 karyotype, and the Ameiva group with all
uniarmed chromosomes. Also in this family, the genus
Cnemidophorus, which is the most widespread and
species-rich, exhibits the widest chromosome variability
and frequent intra-specific differences (Gorman, 1973).
Cytotaxonomic analysis has provided satisfactory results
also in families, like lacertids, which are apparently karyo-
logically uniforms. Basing on the number and position of
the nucleolar organiser, on sex chromosome morphology
and on the evolution of some repetitive DNAs, the Naples
group has outlined a taxonomic scheme of this family that
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TABLE 1. Data on Karyology of Reptiles

L.sp. K. species Banding AgNOR sex xy zw

N N % N % N % N N N

Chelonia 294 155 53 57 37 23 15 7 4 3

Crocodylia 23 23 100 4 18 3 14

Rhynchoceph. 2 2 100

Sauria 4555 867 19 189 22 165 19 185 106 79

Ophidia 2953 355 12 74 21 93 26 248 248

Amphisbaenia 138 31 22.5 1 1

Reptilia 7965 1333 18 324 23 284 20 441 110 331

L.sp., living species (from Dowling and Duellman, 1978); K. species, number (N) and percentage (%) of karyotyped species; Banding, number and per-
centage of species studied with banding methods; AgNOR, number and percentage of species studied with the AgNOR method for the nucleolar orga-
nizer; sex, number of species with sex chromosomes: xy male and zw female heterogamety.
Data from a database available at the web site: www.scienze.univpm.it�professori�chromorep.pdf



agrees with the morphology-based one proposed by Ar-
nold (Olmo et al., 1991).

Among snakes, the PhD thesis of Gregory Mengden
(1982) on elapids’ karyology, unfortunately largely unpub-
lished, deserves special mention. In this study Mengden
evidenced in various cases a good correspondence be-
tween karyotype evolution and phylogenetic classification
based on other methods, such as the enzyme electrophore-
sis, and demonstrated that the Australian, Asian and Afri-
can elapids and American coral-snakes, though showing
intra group homogeneity in standard karyology and G-
banding patterns as well as in the localisation of the NOR,
are however markedly different from one another (Meng-
den, 1982, 2000).

Chromosomes and Speciation

As mentioned above, there are several cases in which
inter- and intra-specific variability has been related to spe-
ciation; the role of chromosomes in this process is among
the most debated topics in karyology (King, 1993). Rep-
tiles, mainly some groups of squamates, have proved to be
a suitable model to study this issue. Especially significant
in this regard are Max King’s investigations on gekkonids
(King, 1993). In this family, many Australian species are
characterised by frequent intra-specific chromosome vari-
ability. These chromosome races often exhibit a definite
trend of geographical distribution that has suggested that
chromosome variations may have accompanied colonis-
ation and adaptive radiation events. A similar intraspecific
variability and trend have been recently observed also in
some lacertids, like Zootoca vivipara (Kupriyanova and
Boehme, 1997; Odierna et al., 1998)

Based on his investigations, King (1993) has proposed
two models of chromosome speciation:

1. Chromosomal allopatric speciation, which would
have characterised various species of Gehyra and Phyllo-
dactylus. In this model, multiple or sequential chromo-
some mutations arise in peripheral, isolated populations of
species and become fixed in allopatry. The population thus
arisen spreads, and, in the case of secondary contact with

the parental species and formation of a hybrid zone, ge-
netic introgression is prevented by the adverse effect of
chromosome differences on the hybrid’s fertility.

2. Chromosomal sympatric speciation, which in rep-
tiles has only been described in D. vittatus. In this case,
following the establishment within a population of one or
more chromosome variants favorable in conditions of ho-
mozigosity, a new species, chromosomally differentiated
from the parental species, would arise even in the absence
of geographical separation. The daughter species would
extend its range, displacing the parental species, because
of the greater fitness of the new homozygote. The derived
taxa would thus come to occupy central areas and the an-
cestral taxa peripheral or external areas.

Some lines of evidence that the diversification of pop-
ulations or species may have been accompanied by karyo-
type variations preceding genetic diversification were re-
cently found in two studies on lacertid lizards. Indeed in
three Pyrenean species of Archaeolacerta (Odierna et al.,
1996) and in several populations of the Lacerta kulzeri
complex (in den Bosch et al., 2003) were observed marked
differences in chromosomes number and�or morphology
accompanied by very short genetic distances.

Chromosome variations may have also accompanied
all the phases of the evolution of the class. Besides their
chromosomal variability, crocodiles, turtles, snakes and
lizards also differ in the chromosome changing rate, i.e.,
the number of hypothesised chromosome mutations per
million years, which rises progressively from crocodiles to
turtles, snakes, and lizards (Table 2). This parameter
shows a significant, direct, logarithmic relationship with
the number of living species (Fig. 3) and an equally signif-
icant, inverse correlation with the extinction rate of the
various orders and suborders (Fig. 4) (Olmo et al., 2002).
The two parameters are considered satisfactory measures
of the evolutionary success of a given group; in reptiles a
greater chromosome variability would thus have charac-
terised the evolutionarily more successful taxa (Olmo et
al., 2002).
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TABLE 2. Relationship Between Chromosome Change Rate, Number of Living Species, and Extinction Rate in Reptiles*

Time from origin,
million years

The number
of studied species

Karyotypes
number

Chromosome change
rate per million years

The number
of living species

Extinction rate, %

Crocodiles 144 23 8 0.056 23 36

Turtles 208 155 36 0.173 294 27

Snakes 144 355 70 0.486 2953 6**

Lizards 144 867 214 1.486 4555

* Modified from Olmo et al. (2002).
** This value refers to all the squamates.



Cytogenetics, Parthenogenesis,
and Sex Chromosomes

Cytogenetic studies have provided important contri-
butions on two further issues: the origin and evolution of
parthenogenesis and the evolution of the sex chromo-
somes.

The best known karyological studies of parthenoge-
netic species are those by Darevsky and Kupriyanova on
Caucasian lacertids, those by Cole, Cuellar, Lowe, and
Peccinini-Seale on Cnemidophorus, and those by Craig
Moritz and by Max King on the Australian parthenoge-
netic gekkonids (see Peccinini-Seale, 1981; Darevsky et
al., 1985; Moritz and King, 1985). These studies have de-
monstrated that the origin of the majority of parthenoge-
netic saurians lies in hybridisation events between two or
more bisexual species (Peccinini-Seale, 1981; Bickham,
1983; Darevsky et al., 1985; Moritz and King, 1985).

Two systems of sex determination coexist in reptiles:
temperature-dependent determination, which is consis-
tently observed in crocodiles, is prevalent in turtles, and
has been demonstrated in some agamids and chamaeleo-
nids; and a purely genotypic mode of determination,
whose occurrence varies in different groups (Table 1)
(Bull, 1980). Crocodiles have no sex chromosomes, in tur-
tles they are very rare, while in saurians they have been de-
scribed in 185 species, or 21% of those studied. They are
most frequent in iguanids and pygopodids, which exhibit
male heterogamety; in lacertids and varanids, which are
characterised by female heterogamety; and in gekkonids,
where male and female heterogamety seem to coexist. The
sex chromosomes are especially common in snakes, which
are characterised by consistent female heterogamety. Here
they are more frequent in the more advanced families,

whereas in the more primitive ones they have not been ob-
served at all, or little differentiated forms have been re-
ported where the two homologues are homomorphic, at
least in gross morphology (Bull, 1980; Bickham, 1984,
Olmo, 1986). Reptiles are a useful model to study sex
chromosome differentiation because, unlike those of birds
and mammals, they exhibit diverse levels of differentia-
tion.

The studies conducted so far seem to indicate that in
reptiles the most common model of sex chromosome evo-
lution entails the following steps:

� Accumulation on one of the two homologues of
one or more specific sequences of highly repetitive DNA
accompanied by extensive heterochromatinisation.
� Consequent dramatic reduction or elimination of

recombination between the two sex chromosomes.
� Morphological modification of the heterochroma-

tic homologue most frequently consisting of a progressive
deletion that turns it into a microchromosome, but which
in other cases involves a centric or tandem fusion between
this homologue and an autosome or a pericentric inversion
(see Olmo, 1986).

All these mechanisms have been observed in various
populations of Zootoca vivipara (Kupriyanova and Boeh-
me, 1997; Odierna et al., 1998)

Some Final Comments

Karyological investigations have contributed crucially
to the study of reptilian taxonomy and phylogenesis, and
although herpetologists at present pay few attention to
these type of studies, they could still give new and impor-
tant contributions.
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Over the last few years, molecular biology has defi-
nitely become incorporated into cytogenetics; this has al-
lowed more detailed analyses of the molecular organisa-
tion and evolution of the chromosomes and, in some cases,
precise in situ localisation of specific genes. The studies of
reptiles employing these new techniques are still very few,
although the results that they have yielded seem to be ex-
tremely encouraging. Among these, can be reminded the
Teresa Capriglione’s research into highly repetitive DNA
in lacertids that has provided data both on the taxonomic
relationships among the various species of the family and
on their possible function (Capriglione, 2000) and the ef-
fective method of comparative DNA analysis developed
by Dr. Grechko and her co-workers (Ryabinin et al., 1996).

In conclusion allow us to express the hope that these
new opportunities will lead to a resumption of the study of
the karyology of reptiles.

Acknowledgments. Funds were obtained from the Russian
Foundation for Basic Science (grant No. 02-04-48611); from
Presidium St. Petersburg’s Scientific Center of Russain Academy
of Sciences; Min. Nauka Scien. School 1647.2003.4; from the
program of Presidium of Russian Academy of Sciences “Dyna-
mics of Genopool.”

REFERENCES

Bickham J. W. (1984), “Patterns and modes of chromosomal
evolution in reptiles,” in: Sharma A. K. and Sharma K.
(eds.), Chromosomes in Evolution and Eukaryotic Groups.
Vol. 2, CRC Press, Boca Raton, pp. 13 – 40.

Bickham J. W. and Carr J. L. (1983), “Taxonomy and phylog-
eny of the higher categories of cryptodiran turtles based on a
cladistic analysis of chromosomal data,” Copeia, 1980,
530 – 543.

Bosch H. A. J. in den, Odierna G., Aprea G., Barucca M., Ca-
napa A., Capriglione T., and Olmo E. (2003), “Karyologi-
cal and genetic variation in the Middle Eastern lacertid liz-
ards, Lacerta laevis and Lacerta kulzeri complex: a case of
chromosomal allopatric speciation,” Chromosome Res., 11,
165 – 178.

Bull J. J. (1980), “Sex determination in reptiles,” Quart. Rev.
Biol., 55, 3 – 21.

Bull J. J. and Legler (1980), “Karyotypes of side-necked turtles
(Testudines: Pleurodira),” Can. J. Zool., 58, 828 – 841.

Capriglione T. (2000), “Repetitive DNA as a tool to study the
phylogeny of cold-blooded vertebrates,” in: Olmo E. and Re-
di C. A. (eds.), Chromosomes Today. Vol. 13, Birkhauser Ver-
lag, Basel – Boston – Berlin, pp. 183 – 194.

Cohen M. M. and Gans C. (1970), “The chromosomes of the
order Crocodilia,” Cytogenetics, 9, 81 – 105.

Darevsky I. S., Kupriyanova L. A., and Uzzell T. (1985),
“Parthenogenesis in Reptiles,” in: Gans C. and Billett F.

(eds.), Biology of the Reptilia. Vol. 16B, Wiley, New York,
pp. 411 – 526.

Dowling H. G. and Duellman W. E. (1978), Systematic Herpe-
tology: a Synopsis of Families and Higher Categories, HISS
Publications, New York.

Donnellan S. (1991a), “Chromosomes of Australian lygosomi-
ne skinks (Lacertilia: Scincidae). I. The Egernia group: C-
banding, silver staining, Hoechst 33258 condensation analy-
sis,” Genetica, 83, 207 – 222.

Donnellan S. (1991b), “Chromosomes of Australian lygosomi-
ne skinks (Lacertilia: Scincidae). II. The genus Lampropho-
lis,” Genetica, 83, 223 – 234.

Gorman G. (1973), “The chromosomes of the Reptilia, a cytota-
xonomic interpretation,” in: Chiarelli A. B. and Capanna E.
(eds.), Cytotaxonomy and Vertebrate Evolution, Acad. Press,
London – New York.

King M. (1990), “Chromosomal and immunogenetic data: a
new perspective on the origin of Australia’s reptiles,” in: Ol-
mo E. (ed.), Cytogenetics of Amphibians and Reptiles.
Adavances in Life Sciences, Birkhauser Verlag, Basel – Bos-
ton – Berlin, pp. 153 – 180.

King M. (1993), Species Evolution. The Role of Chromosome
Change, Cambridge Univ. Press, Cambridge.

King M., Honeycutt R., and Contreras N. (1986), “Chromo-
somal repatterning in crocodiles: C, G and N-banding and the
in situ hybridisation of 18S and 26S rRNA cistrons,” Geneti-
ca, 70, 191 – 201.

Kupriyanova L. A. (1994), “Structure, localization, and stabil-
ity of chromosomes in karyotype evolution in lizards of the
Lacertidae family,” Russ. J. Herpetol., 1(2), 161 – 168.

Kupriyanova L. A. and Boehme W. (1997), “New data on the
distribution of different forms of Zootoca vivipara in eastern
and western Europe: chromosomal analysis,” in: Boehme W.,
Bischoff W., and Ziegler T. (eds.), Herpetologia Bonnensis,
SEH, Bonn, pp. 199 – 206.

Matthey R. (1949), Les Chromosomes des Vertébrés, F. Rouge,
Lausanne.

Mengden G. A. (1982), Chromosomal Evolution and the Phylo-
geny of Elapid Snakes. Ph.D. Thesis, Australian Natl. Univ.,
Canberra.

Mengden G. A. (2000), “Australian elapid phylogeny: a sum-
mary of the chromosomal and electophoretic data,” in: Grigg G.,
Shine R., and Ehmann H. (eds.), Biology of Australasian
Frogs and Reptiles, Roy. Zool. Soc. of New South Wales,
pp. 185 – 192.

Mengden G. A., Shine R., and Moritz C. (1986), “Phylogen-
etic relationship within the Australasian snakes of the genus
Pseudechis,” Herpetologica, 42, 215 – 229.

Moritz C. (1986), “The population biology of Gehyra (Gekko-
nidae): Chromosome change and speciation,” Syst. Zool., 35,
46 – 67.

Moritz C. and King D. (1985), “Cytogenetic perspectives on
parthenogenesis in the Gekkonidae,” in: Grigg G., Shine R.,
and Ehmann H. (eds.), Biology of Australasian Frogs and
Reptiles, Roy. Zool. Soc. of New South Wales, pp. 327 –
337.

Odierna G., Aprea G., Arribas O. J., Capriglione T., Capu-
to V., and Olmo E. (1996), “The karyology of the Iberian
rock lizards,” Herpetologica, 52, 542 – 550.

Herpetologia Petropolitana, Ananjeva N. and Tsinenko O. (eds.), pp. 80 – 86 85



Odierna G., Aprea G., Capriglione T., Arribas O. J., Kupri-
yanova L. A., and Olmo E. (1998), “Progressive differentia-

tion of the W sex-chromosome between oviparous and vivip-

arous populations of Zootoca vivipara (Reptilia, Lacerti-

dae),” Ital. J. Zool., 65, 295 – 302.

Olmo E. (1986), “Reptilia,” in: John (ed.), Animal Cytogenetics.

4. Chordata. 3, Gebrueder Borntraeger, Berlin – Stuttgart.

Olmo E., Odierna G., Capriglione T., and Cardone A. (1990),

“DNA and chromosome evolution in lacertid lizards,” in:

Olmo E. (ed.), Cytogenetics of Amphibians and Reptiles. Ad-

vances in Life Sciences, Birkhauser Verlag, Basel – Boston –

Berlin, pp. 181 – 204.

Olmo E., Odierna G., Capriglione T., and Caputo V. (1991),
“A karyological approach to the systematics of Lacertidae
(Reptilia, Sauria),” Rev Esp. Herpetol., 6, 81 – 90.

Olmo E., Capriglione T. and Odierna G. (2002), “Different
genomic evolutionary rates in the various reptile lineages,”
Gene, 295, 317 – 321.

Peccinini-Seale D. (1981), “New development in vertebrate cy-
totaxonomy. IV. Cytogenetics studies in reptiles,” Genetica,
56, 123 – 148

Ryabinin D. M., Grechko V. V., Darevsky I. S., Ryskov A. P.,
and Semenova S. K. (1996), “Comparative study of DNA
repetitive sequences by means of restriction endonucleases
among populations and subspecies of some lacertid lizard
species,” Russ. J. Herpetol., 3(2), 178 – 185.

86 Herpetologia Petropolitana, Ananjeva N. and Tsinenko O. (eds.), pp. 80 – 86



STEPPE VIPER (Vipera renardi) IN THE NORTHERN POINT OF ITS AREA

A. Pavlov1

Keywords: Volga-Kama Region, north of area, subspecies, Vipera renardi bashkirovi.

INTRODUCTION

Some morphological and ecological data on V. renardi
bashkirovi (the extreme north population of Vipera renar-
di) are presented.

MATERIAL AND METHODS

Investigations were conducted on an archipelago of
Kuibyshev reservoir from 2000 to 2002. The studied area
belongs to the forest-steppe Volga Region (Zapadnoe
Zakam’e, Tatarstan, Russia) and situated at 54°55� –
55°5� N and 49°5� – 49°20� E. The island system (Spassk
Archipelago) includes about 60 islands and belongs ad-
ministratively to Spassk District of Tatarstan (Russia). Is-
land plant formations (habitats of steppe viper) are de-
scribed; ecology and morphology of the steppe viper pop-
ulation were studied.

The following morphological characters were used: L.
(length of head-body), L.cd. (length of tail), Ventr. (num-
ber of ventrals), S.cd. (number of subcaudals), Sq. (num-
ber of midbody dorsal scale rows), S.orb. [number of
scales in circumocular ring (right + left)], Lab. [number of
supralabials (right + left)], Sublab. [number of sublabials
(right + left)].

RESULTS AND DISCUSSION

The archipelago includes forest (the whole territory or
80% of it is covered by forest and bushes) and forest-mea-
dow (most part of which are meadows) islands. The forest
islands are well-preserved fragments of the former brand-
leaved forests of oak, linden, maple forests, and elms. At
present a half of the islands is covered mainly by meadow
vegetation, which is used for haymaking and pasture.
Phytocenoses of islands are presented by 32 plant forma-
tions, including xerophilous, mesophilous and hydrophi-
lous ecological complexes.

Habitats. The central part of the archipelago is occu-
pied by the largest two islands. The first one is about
15 km2. There are remains and ruins of buildings of “old
town” Spassk covered with vegetation. Natural tree vege-
tation is absent on the island. The vegetation includes
small sites of pine, birch and balsamic poplar; on the for-
mer “old town” territory there maple and solitary apple
trees occur. The main area of the island is occupied by an-
thropogenic-caused “bush-steppe” broom being the basic
species; grass vegetation consists of forest-steppe and
weed forms: Myosotis popovii, Poa anguistifolia, Astraga-
lus cicer, A. danicus, etc. The role of Festuca valesiaca in-
creases with pasture intensity increase and with high load
on grass vegetation soil denudation is marked. On the ele-
vations along the border of the “old town” the Festuca-Ar-
temisia cenoses are developed (Pavlov and Bakin, 2001).

Steppe viper are practically absent in the places of reg-
ular pasture. They prefer “mosaic coenoses,” open places
with prevalence of Festuca and Artemisia, alternating with
numerous ruins and pits covered by ruderal vegetation
(Leonurus quinquelobatus, Urtica dioica, Artemisia vul-
garis, Conium maculatum, etc.). For the first time steppe
viper was found in the central part of the island in 2000
and that was due to the pasture reduction and recovery
succession development. Broom growth serves as a shelter
from high day temperatures and constant winds. Ortho-
ptera are abundant (30 – 50 ex.�m2) comprising a signifi-
cant part (more than 30%) in adult snake feeding on the
overgrown areas as well as on the territory of the “old
town.” Orthopteran larvae are the main food of vipers up
to three years. Murid rodents numerous on all islands pre-
vail in the nutrition of the adult snakes. Population of the
steppe viper on the Spassk Island is estimated as approxi-
mately 700 – 800 individuals. The second unknown early
habitat of vipers was found on the island, which is about
8 km2 and situated west of the Spassk Island. It is a con-
stant habitat of another group of 500 – 900 snakes. In the
southern and eastern parts the island is covered for 2�3 by
forest (oak, linden etc.) alternating with plots of wet mead-
ows. The steppe viper is spread all over its territory includ-
ing forest biome where Vipera berus was proposed to be
met. The snakes were met here in wet and swamp habitats
though it is not characteristic of the species. Moreover, the
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species was found on two islets being the enclaves of the
Spassk Island. Their areas comprise 20 and 2.8 ha. Here
the snakes keep to the wet meadows and swamp plots (Ca-
rex acuta, C. juncella, Rumex thyrsiflorus, Taraxacum sp.,
etc.) from spring to autumn returning to Spassk Island for
hibernation.

Morphological characters. The snakes of this popu-
lation have got a number of ecological and morphological
characters making this population a unique one. The dis-
coverer of the population considered it to be a Tertiary
relic (Bashkirov, 1935). On the basis of a number of mor-
phological differences, the steppe viper of Spassk Archi-
pelago was described as distinct subspecies Vipera renardi
bashkirovi Garanin, Pavlov et Bakiev 2004.

Within the whole population of ursinii-complex the
Spassk population vipers have the largest total length (up
to 710 mm). This index can be compared only with the
Orlov Island samples in the Black Sea (Kotenko, 1981).
Ventr.: mean values of this indication of both sexes of the
Spassk population are close to those of V. r. renardi taxon

(Altai) and V. r. renardi taxon (east) and the limit of their
variation is the widest among snakes of ursinii-complex.
S.orb. (right + left): as well as number of ventrals by
mean values this indication is close to those in V. r. renardi
taxon (Altai) and V. r. renardi taxon (east). Lab.: indica-
tion meaning’s variation of the males in the northern popu-
lation is wider when compared with the entire renardi taxa
(Nilson and Andrén, 2001), and mean indication values
closer to east form of V. r. renardi. Mean values of female’s
sublabials is lower than that in renardi taxa on the whole.
The number of Sublab. for both sexes is lower when with
renardi taxa.

Color patterns. Vipers of Spassk Archipelago popu-
lation have two color forms: cryptic color and melanists.
The first color form is represented by several transitional
variations, typical for the species. The part of melanists is
prevailing.

In the Spassk population we distinguish the following
basic forms of melanistic pattern of coloration: 1) perfect
melanists — fully black without any other color elements;
some individuals have yellowish tail end from the bottom
side; 2) the second form of melanism includes snakes with
matt (dull) black ground and dorsal band of anthra-
cite-black color; 3) deep brown vipers have a black-
brown basic color of the body varying in tints. Some
snakes of the group have got rare small elements varying
in color scattered over the body, e.g., gray and deep (dark)-
cream specks and spots. In some cases color elements of
the kind shade dull dorsal band; 4) vipers with deep gray
form of melanism have gray-black ground and dark dorsal
band.

Some individuals with white and dim-white elements
on supralabial and sublabial scales are met among vipers
with melanistic form of coloration. The part of melanists
in the investigation area reaches 66%. It should be marked
that the same correlation (�50%) between white and dark
snakes is kept here from the first quarter of the 20th cen-
tury. Bashkirov (1929) writes about Spassk snakes:
“...what concerns steppe vipers... a half of them are gray,
others are black or entirely black.” The case when the
balance between color groups in population has not been
changing during 100 years is expanded by the Hardy –
Weinberg Equilibrium. A conclusion of the absence of vi-
pers’ adaptive advantages with any of two color forms
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TABLE 1. Some Pholidosis Characteristics of the Spassk Population of
Steppe Viper

Characters Sex N Range Mean ± S.E.

L. �� 73 320 – 665 533.36 ± 7.41

�� 43 339 – 615 478.35 ± 9.79

L.cd. �� 72 30 – 80 52.85 ± 1.15

�� 42 43 – 95 65.17 ± 1.71

L. + L.cd. �� 72 351 – 710 586.78 ± 8.19

�� 42 388 – 670 543.00 ± 10.92

Ventr. �� 45 140 – 152 147.91 ± 0.38

�� 25 120 – 154 144.44 ± 1.41

S.cd. �� 44 22 – 35 25.84 ± 0.44

�� 24 24 – 35 32.33 ± 0.47

Sq. �� 44 19 – 21 20.82 ± 0.07

�� 23 20 – 21 20.96 ± 0.04

S.orb. (right + left) �� 46 16 – 22 19.06 ± 0.19

�� 25 17 – 22 19.64 ± 0.23

Lab. (right + left) �� 47 14 – 18 17.47 ± 0.14

�� 25 16 – 19 17.76 ± 0.16

Sublab. (right + left) �� 45 15 – 21 18.09 ± 0.18

�� 25 16 – 21 18.28 ± 0.23

TABLE 2. Basic Forms of Coloring of Spassk Population of Steppe Viper, %

Color forms
Perfect

melanists
Black ground with dorsal band

of anthracite-black color
Deep
brown

Deep
gray

Gray with dorsal
band of dark color

Light ground with dorsal
band of dark color

Olive ground with dorsal
band of dark color

�� (n = 73) 27.5 13.8 6.9 5.6 19.2 17.8 8.2

�� (n = 44) 40.9 18.1 2.3 9.1 13.6 11.4 4.5



suggests itself as a consequence of the Hardy – Weinberg
rule. And the nature of coloring is caused, to the great ex-
tent, by genetic mechanism. Fact of black color unique-
ness for entire ursinii-complex is an indirect approval of it.
There is only one report of V. renardi melanism: popula-
tions with a significant part of black individuals are known
in the Krasnodar Krai of Russia (Ostrovskikh, 1997).

Meanwhile, the black color on the northern limit of
spreading could helps vipers to be more active in compari-
son with cryptic colored individuals and have great repro-
ductive success. Such a type of life strategy is known for
V. berus (Andrén and Nilson, 1981).
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ARE Leptodactylus didymus AND L. mystaceus PHYLOGENETICALLY SIBLING SPECIES
(AMPHIBIA, ANURA, LEPTODACTYLIDAE)?
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INTRODUCTION

The Leptodactylus fuscus species group consists of 25
currently recognized species; within this species group
and distributed throughout the Amazon Basin, Atlantic
Forests, Gran Chaco, and cerrados is the L. mystaceus spe-
cies complex. This species complex consists of L. didy-
mus, L. elenae, L. mystaceus, L. notoaktites, and L. spixi.
Adult morphologies have been used to distinguish these
species from each other except for L. didymus and L. mys-
taceus (Heyer, 1978; Heyer et al., 1996). Leptodactylus di-
dymus and L. mystaceus are morphologically indistin-
guishable; the species are recognizable only by the charac-
teristics of their advertisement calls: non-pulsed in L. didy-
mus and pulsed in L. mystaceus (Heyer et al., 1996).

Traditionally, L. mystaceus and L. didymus have been
considered “sibling species.” The concept of “sibling spe-
cies” was originally introduced by Mayr (1942: 151) to de-
scribe pairs or groups of morphologically identical or
nearly identical species; however, in subsequent work
Mayr (1976) interchangeably used the terms “sibling and
cryptic species” to describe morphologically similar spe-
cies. Mayr (1942: 151) considered sibling species to be
important in understanding the full complexity of animal
speciation. In order to differentiate these two terms, herein
we take a narrow cladistic methodological approach (i.e.,
dichotomous speciation) by which we restrict the term
“sibling” species to two taxa that share a most recent com-
mon ancestor; whereas, the term cryptic (derived from the
Greek Kruptos, meaning ‘hidden’; Allaby, 1991) species
refers to “hidden” diversity and does not necessarily imply
close phylogenetic relationship. Thus, the sibling species
pair of L. didymus and L. mystaceus assumes two postu-
lates: (1) the taxa shared a most recent common ancestor
not shared with other species in the L. mystaceus species
complex and (2) the two taxa could represent a recent
speciation event (i.e., not enough time has passed to reach

morphological differentiation, although this is not a
requisite).

Herein, we analyze the genetic diversity among taxa in
this species complex to determine if the sibling species
L. didymus and L. mystaceus are sister taxa. If the assump-
tions about sibling species are correct, then we would ex-
pect that the two taxa involved would be genetically closer
between themselves than with any other closely related
species.

MATERIAL AND METHODS

Molecular sequence data were obtained for L. didy-
mus, L. elenae, L. mystaceus, L. notoaktites, and L. spixi;
in addition, data were collected for L. fuscus and L. mysta-
cinus (other fuscus species group members) to use as out-
groups. We obtained a total of 2553 base pairs (bp) for
each taxon, 786 bp corresponding to the 12S rDNA gene,
814 bp to the 16S rDNA gene, and 953 bp to the ND1
gene. The sequence data have GenBank accession num-
bers are AY948952 – 948959, AY905695, AY905716-17,
AY911264, and AY911285-911286. Voucher specimens
are presented in the Appendix. Sequences were aligned us-
ing Clustal X (Thompson et al., 1997). Alignment of ND1
coding sequences included the known complete ND1 cod-
ing sequence for Rana catesbeiana (Nagae, 1988). Maxi-
mum Parsimony (MP) and Maximum Likelihood (ML)
exhaustive search analyses were performed with PAUP*
(Swofford, 1998). ML analyses used the GTR+G model
recommended by Modeltest 3.04 (Posada and Crandall,
1998), with empirical base frequencies. Analyses were
performed using the two Leptodactylus taxa as outgroups
and also tested the effect of alternatively using a single
outgroup taxon at the time on the recovered trees. ND1 se-
quences also included Rana as an outgroup and for MP
analyses, the third position was down-weighted relatively
to first and second positions and gaps positions were alter-
natively treated as missing data and as a fifth character;
transition substitutions were down-weighted relative to
transversion substitutions.
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RESULTS

The results of the different phylogenetic analyses are
best illustrated by the trees in Fig. 1. Neither in the MP
(with gaps as a fifth character, Fig. 1A) or the ML
(Fig. 1B) analyses do L. didymus and L. mystaceus exhibit
sister species relationships within the mystaceus species
complex. Support for clades was assessed using bootstrap
(1000, pseudoreplicates; Felsestein, 1985), decay indices
enforcing topological constraints (Bremer, 1988), and
Bayesian posterior probabilities (Bayes et al., 2001)
(Fig. 1).

Analyses of data partitions separately (i.e., 12S, 16S,
and ND1 data matrices) and alternatively using the two
Leptodactylus outgroups or using only one at the time (ei-
ther L. fuscus or L. mystacinus) also resulted in tree topol-
ogies where L. didymus and L. mystaceus do not exhibit
sister taxa relationships. MP weighted analyses as well as
alternative treatment of gaps as missing data in combined
and separate analyses also retrieved similar trees in which
L. didymus and L. mystaceus do not exhibit sister taxa rela-
tionships.

DISCUSSION

The present molecular analyses of the L. mystaceus
complex shows that L. didymus and L. mystaceus are not
sibling species as defined in this paper (i.e., a sister species
relationship was not recovered in any of the analyses), de-
spite their being morphologically indistinguishable. The
topology recovered enforcing a sister taxa relationship be-
tween Leptodactylus didymus and L. mystaceus is 5 steps
longer than the most parsimonious tree; however a Kishi-
no – Hasewaga test comparing the two likelihood topolo-
gies was not statistically significant. These two taxa are
treated as distinct species based on their call differences
(Heyer et al., 1996), a common isolating mechanism oc-
curring in anurans. The genetic differentiation between
these two species is comparable (about 10%) to that be-
tween each of them with other species in the complex that

have differentiated morphologically (9 – 12% between L.
mystaceus and other species, 8 – 12% between L. didymus
and other species, see Table 1).

These results are interesting because they highlight an
unusual case among vertebrates in which the species in-
volved show behavioral (e.g., call) and genetic (Table 1)
differentiation, but do not differ morphologically.

Two alternative hypotheses need to be considered to
explain this case.

1. Morphological convergence. Either Leptodacty-
lus didymus and L. mystaceus are morphologically con-
verging on each other or they both may be converging onto
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TABLE 1. Genetic distances among taxa analyzed in this study.

spixi didymus fuscus mystaceus notoaktites elenae mystacinus

spixi 0.00

didymus 0.10 0.00

fuscus 0.11 0.13 0.00

mystaceus 0.10 0.12 0.14 0.00

notoaktites 0.07 0.08 0.12 0.09 0.00

elenae 0.09 0.11 0.12 0.10 0.08 0.00

mystacinus 0.11 0.13 0.13 0.12 0.11 0.10 0.00

L. spixi

L. didymus

L. notoaktites

L. mystaceus

L. elenae

L. mystacinus

L. fuscus

55

8067

97

B

L. spixi

L.didymus

L. notoaktites

L. mystaceus

L.elenae

L. mystacinus

L. fuscus

82

58

84

A

5
3

1

Fig. 1. A. MP most parsimonious tree recovered (length = 1000,
C.I. = 0.75, gaps as fifth character. Bootstrap support above 50% is indi-
cated above branches, number below branches corresponds to clade de-
cay indexes. B. ML tree, bootstrap support above 50% is indicated above
branches, number below branches corresponds to Bayesian posterior
probabilities.



the morphology of at least a third species occurring in the
Amazon basin. This morphological convergence could be
justified if either one of these two species, or a third un-
identified taxon at this point, are proven to produce skin
toxins that would make them, if not toxic, at least strongly
distasteful, giving them a selective advantage by avoiding
predation. Alternatively, their morphological characteris-
tics may be providing unique camouflage advantages in
the habitat they occupy. Extensive field-work would be
needed to test either of these alternatives.

2. Retention of ancestral morphological pat-
terns. The two taxa involved are exhibiting morphologi-
cal adult patterns inherited from a) a most recent common
ancestor to both of them or b) to an ancestor to the L. mys-
taceus species complex, or a subclade of it. We have no
evidence in support of the first alternative. Our data show
that the two taxa involved are not sibling species; that is
they do not share a most recent common ancestor. There is
also no evidence in support of the second scenario, partic-
ularly considering that all other taxa in the L. mystaceus
species complex can be differentiated morphologically
among themselves and from the L. didymus – L. mystace-
us pair.
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APPENDIX. Voucher specimen data used in molecular analyses.

Leptodactylus didymus. USNM 268970, Peru, Madre de
Dios, Tambopata Reserve.

Leptodactylus elenae. USNM 319643, Argentina, Salta,
Embarcacion, 4.0 km NE of junction with road into, on National
Route 34.

Leptodactylus fuscus. MZUSP 67073, Brazil; Roraima;
Caracaranã, near Normandia.

Leptodactylus mystaceus. MZUSP 70371, Brazil, Pará,
Serra de Kukoinhokren.

Leptodactylus mystacinus. RdS 789, Uruguay, Departamen-
to de San Jose, Sierra de Mahoma.

Leptodactylus notoaktites. USNM 303191, Brazil, Saõ
Paulo, ca. 5 km S of Luiz Antonio, Fazenda Jatai.

Leptodactylus spixi. USNM 534008, Brazil, Sergipe, Crasto.
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PATERNAL INHERITANCE OF MOLECULAR MARKERS IN RAT SNAKES
INTERSPECIES BREEDING
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INTRODUCTION

One of the important contributions of evolutionary bi-
ology is investigation of the factors of speciation in natural
populations. One of such factors is hybridogenesis be-
tween already existing species. However, accurately esti-
mating of interspecific hybrids in nature is frequently dif-
ficult. Incomplete knowledge of pedigrees in natural pop-
ulations limits the investigation of hybrids. Snakes breed-
ing in captivity provide a model system for dissolving
such evolutionary problem. For understanding of heredity
principles and hybridization mechanisms, experiments
with rat snakes from the captivity were carried out.

Rat snakes (Elaphe genus, Colubridae family) are pre-
sented by more than 40 species distributed in the North
and Central America, in the mainland and island Asia, in
the Philippines, in Southern and Central Europe (Schultz,
1996).

MATERIAL AND METHODS

Parental forms of rat snakes in the present study com-
prised of eight different species: Elaphe guttata, E. obso-
leta, E. schrenckii, E. climacophora, E. situla, E. persica,
E. dione, E. bimaculata, originated from wild populations
from different localities around the world. Genealogy of
each individual and each family group were exactly and
detailed documented. Each specimen was described in de-
tails (color and pattern, pholidosis characters) and photo-
graphed by digital camera. It allows creating computer da-
tabase where all the parameters and images (color pictures
demonstrating color and pattern) were included. The
blood was collected from the caudal vein and preserved in
96% ethanol, or dried on filter paper. Genomic DNA was
extracted from the blood using a standard proteinase K
phenol-chloroform procedure. PCR with RAPD primers
was carried out as described in our previous papers

(Sideleva et al., 2003). Amplification of the RAPD bands
was carried out with primers AA2M2 (5�-GAG CGA CCC
AGA GCG G-3�) and L-45 (5�-GTA AAA CGA CGG
CCA GT-3�), developed by S. Bulat with co-authors
(1996). Molecular study was conducted in “Taxon”-group
of Zoological Institute, Russian Academy of Sciences.

The band sharing statistic was used to calculate the
proportion of shared bands between two individuals:

SI = 2NAB�(NA + NB),

where SI is Similarity Index, NA and NB are the numbers of
bands present in individuals A and B respectively, and NAB is
number of shared bands (Hoggren, 1995).

RESULTS AND DISCUSSION

RAPD pattern in all studied rat snakes has consider-
able differences in non-related family groups. Summa-
rized number of DNA fractions of different length com-
posed 13 – 15 but there was only one common RAPD
band for all studied individuals. In the average the identity
of RAPD genotype of all individuals composed about 7%.
Our data show that molecular RAPD-DNA markers
mostly have paternal inheritance in hybrids from the inter-
specific breeding of rat snakes of Elaphe genus.

Hybrids of first and second generations of interspeci-
fic breeding E. guttata � E. obsoleta inherit RAPD pattern
of farther E. obsoleta. Sometimes individual DNA frac-
tions appear in offspring but are absent in both of parents.
Similarity Index for parental individuals belonging to dif-
ferent species was 0.46; for brother and sister of E. obsole-
ta — 0.88, for F2 brother and sister — 0.89. Close mean-
ing of this index (SI = 0.89) was noted for the paired com-
parison grandfather – grandson and grandfather – grand-
daughter.

RAPD pattern of offspring of parents: female of
E. schrenckii and hybrid male (E. climacophora �

E. schrenckii) carries paternal DNA bands distribution,
and in some cases they lacked one father DNA fraction.
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However, DNA markers typical for maternal individuals
never appeared. SI for parental individuals participating in
crossbreeding is 0.33. Maximal value of SI was recorded
for two sister individuals, having 75% of E. schrenckii
genotype and 25% of E. climacophora genotype
(SI = 0.97). SI values between each of these sisters and
their farther were slightly lower (0.90 and 0.88).

One more family group of rat snakes was presented by
parents belonging to different species: female of E. situla
was breed with male of E. persica, resulted by hybrids of
the first generation. All cross-breedings of F1 hybrids re-
sulted of the lack of offspring. Hybrids of the first genera-
tion inherit RAPD pattern of farther’s individual E. persi-
ca after the amplification with L-45 primer. PCR with sec-
ond primer show that both offspring RAPD bands of their
parents and only individual bands were presented. SI, cal-
culated for father and his two offspring, comprised 1.0 for
L-45 primer and 0.18, 0.20 for AA2M2 primer. The aver-
age value of SI for comparisons father – son and fa-
ther – daughter were 0.61 and 0.64, respectively. Siblings
have the maximal SI values (0.93 and 0.80), like in all
studied family groups of rat snakes.

The data about family groups Elaphe guttata � E. ob-
soleta, E. climacophora � E. schrenckii, and E. situla �

E. persica are described more detailed in our previous
paper (Sideleva et al., 2003).

More complicated situation was presented in three
generations of hybrids between taxonomically related spe-
cies Elaphe dione and E. bimaculata.

Family group E. dione � E. bimaculata included par-
ents belonging to different species of the rat snakes, hy-
brids of the first generation after the breeding of father
(E. bimaculata) with different females of E. dione, as well

as hybrids of the second generation born in 2000 and 2002
(Fig. 1). In total 15 individuals were analyzed.

SI for the parents belonging to different species was
0.60. Hybrids of the first generation like in all families de-
scribed above inherited RAPD pattern of E. bimaculata,
except one band absent in both offspring. SI for a pair of
F1 siblings composes 1.00, despite of the origin from the
different mothers-females of E. dione. Relationships be-
tween father and children was 0.99 whereas for children
and mother SI = 0.44.

Analysis of RAPD-genotype in hybrid individuals of
the second generation revealed different pattern according
to different primers used for PCR. Thus, for primer L-45
identical pattern of DNA-bands comprised for all off-
spring born in 2000 (SI = 1.00 for all siblings). At the
same time SI for parents and children was 0.67, and for the
pairs: grandchildren – grandfather was 0.60, grandchil-
dren – grandmother was 0.50. All grandchildren of second
hatch (2002) had absolutely identical RAPD-genotype, the
same with their parents (SI = 1.00). SI for pair comparison
grandchildren – grandfather E. bimaculata was 0.99, and
for grandchildren – grandmother E. dione was 0.67
(Fig. 2). Comparison of the second generation hybrids
were born in 2000 and 2002, show the index of their simi-
larity as 0.67.

Pattern of DNA fractions after amplification with uni-
versal primer AA2M2 in the second generation of hybrids
were differentiated into two genotypes which were re-
corded in offspring in equal ratio (SI = 0.50). SI for the
pairs RAPD genotype No. 1�parents composed 0.36,
RAPD genotype No. 2�parents was 0.31. Comparison of
individual with RAPD genotype No. 1 with male E. bima-
culata (grandfather) show SI = 0.63, and for offsprings
with genotype No. 2 was 0.88. Common DNA fractions
for hybrid individuals of the second generation and female
of E. dione were not found (Fig. 3).
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female male femaleE. dione E. bimaculata E. dione� �

F1 female � male

F2 2000
2 females, 1 male

2002
4 females, 4 males

Fig. 1. Genealogy of the family group 4 (Elaphe dione � E. bimaculata).

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Fig. 2. Results of PCR with universal primer L-45 in family group Ela-
phe dione � E. bimaculata. 1, DNA marker ë�Pst; 2, male E. bimaculata
(grandfather); 3, F1 hybrid male (father); 4, F1 hybrid female (mother);
5, female E. dione (grandmother); 6, 7, F2 hybrid females, born in 2000;
8 – 14, F2 hybrids, born in 2002.



Thus, the general tendency of paternal RAPD pattern
inheritance was permanent, despite of some differences in
studied family groups. Distinctive feature in family group
E. dione � E. bimaculata is the revealing of two equal
RAPD genotypes among the offspring of the second gen-
eration.

Inheritance of the morphological characters in this
family group also had some specific features. The hybrids
of the first generation were colored like father species
(E. bimaculata), and had a pattern intermediate between
parental individuals. Most of hybrids of the second gener-
ation (8 among 11, or 72.7%), had color and pattern simi-
lar with their parents (F1 hybrids). At the same time, one
male of F2 phenotypically corresponded to E. dione, and
two hybrid males (18.2%) differed by a new appearing
bright coloration and pattern which were not similar with
both parental species.

There were no differences in subcaudals between par-
ents and offspring. At the same time we found the differ-
ences in the important identification character — color-
ation of supralabial shields. In E. dione supralabials are
white whereas in E. bimaculata these shields are brightly-
yellow. In all children of the first generation supralabilas
are white. We revealed the following distribution of this
character among the hybrids of the second generation: 5
white: 4 light-yellow (intermediate coloration): 2 brightly-
yellow. This proportion allows as suggesting that at least 3
genes are involved in determinations of this character.

In our study was shown that morphological character
(the number of subcaudal shields) is inherited by inter-
species hybrids from parental individual with greater num-
ber of shields irrespective of crossing direction. In further
breeding of hybrids with forms carrying lesser number of
scales, the hybrids of the next generation demonstrate con-
secutive reduction of the scale number.

Another studied morphological characters, coloration
and pattern, have complicated polygenic inheritance.
Shape and color of pattern are inherited irrespective from
the color of background. There are at least four independ-
ent characters: coloration itself (background), type of pat-
tern, frequency of elements in color pattern, color of bands
or spots.

The data show that molecular RAPD-DNA markers
have paternal inheritance in hybrids from the interspecific
breeding. Especially interesting is inheritance of the com-
plex of paternal RAPD fragments that could show the pos-
sibility of linkage between these specific markers.

The distinguishing of hybrid rat snakes in natural pop-
ulations is possible with application of the complex analy-
sis of morphological and molecular data. This study found
the opportunity to determine the hybrid origin of individ-
ual by combination of morphological characters which are
similar with maternal species or intermediate and molecu-
lar characters which comes from the paternal species.
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Fig. 3. Results of PCR with AA2M2 universal primer in family group
Elaphe dione � E. bimaculata. 1, male E. bimaculata (grandfather); 2, F1
hybrid female (mother); 3, female E. dione (grandmother); 4, 5, F2
hybrid females, born in 2000; 6 – 11, F2 hybrids, born in 2002.



ON THE TAXONOMIC STATUS OF THE COMMON ADDER
OF THE PARTIALLY WOODED STEPPE OF THE OKA – DON PLAIN

A. S. Sokolov1

Morphological characters of the typical form of the common adder, Vipera berus, and its black form, so-called “Vipe-
ra nikolskii,” distributed in the partially wooded steppe of the Oka – Don plain, were investigated. Taxonomic status
of black form is discussed.

Keywords: Serpentes, Viperidae, Vipera berus, morphological characters, taxonomy.

INTRODUCTION

Until quite recently it was believed that the wooded
and partially wooded zones within the limits of the former
USSR are inhabited with only one species of vipers —
common adder Vipera berus (Linnaeus, 1758) (Terentjev
and Chernov, 1949; Bannikov et al., 1971, 1977; Shcher-
bak and Shcherban, 1980). The publication of Grubant et
al. (1973) had broken out the stability of this idea and gave
“reasons to put into discussion to resurrect for the black vi-
per its specific name Vipera prester (L.).” Investigating the
morphological characters of the black type of vipers from
the Kharkov Oblast’ and the common adder from the north
of the Sumy Oblast’, the investigators “revealed the signif-
icant differences” between these types of the vipers. The
authors were guided by the following distinctive charac-
ters: the body length of the new-born females and males;
the maximum body length of the mature females and
males; the number of ventralia for males and females sepa-
rately; the number of dorsale rows around the middle of
the body; the number of supralabialia. Grubant et al.
(1973) believed that “the additional criteria which makes
the determination more simple” is the height of the second
and the third supralabialia. According to their data, the
second supralabialia of the common adder is usually
higher than the third, and as for the black type, it’s vice
versa — the second supralabialia is lower than the third. In
another paper (Vedmederja et al., 1986) the same authors
suggested another variant of the specific name for the vi-
per from the partially wooded steppe of the European part
of the USSR — Vipera nikolskii. They motivated their
suggestion by the fact that the Vipera nikolskii “is distrib-
uted to the south from the line: Kanev – Kursk – Tam-
bov – Buzuluk (this type is not found to the west and to the
east of this line),” and “the name Coluber prester Linne,
1761 was given for the black specimens from the Sweden
and is not suitable for the viper from the partially wooded

steppe.” In this article the number of differential charac-
ters had grown up to seven, and, besides the already men-
tioned, another three are described: the number of scales
around the eyes; the ratio of height to the width of praena-
sale; the ratio of length to the width of frontale. The inves-
tigation of the two “species” of vipers [Vipera berus (L.)
and Vipera nikolskii sp.n.] revealed their significance dif-
ferences on these characters (the Student’s criteria varies
from 5.70 up to 23.62). Unfortunately, the localities of the
analysed samples are not mentioned in the paper, and the
summarizing of data for males and females for all criteria,
besides the number of ventralia, deprived the possibility to
compare it with our data.

The papers of Ukrainian zoologists were really re-
vived the interest to the problem among the number of her-
petologists. But the opinions about “finding out” the new
species had differed, as it often occurs in such cases. Some
of the scientists (Ananjeva et al., 1998; Orlova and Seme-
nov, 1999; Bozhanskiy, 2000) included Vipera nikolskii
Vedmederja, Grubant et Rudaeva, 1986 into the list of spe-
cies of herpetofauna of the former USSR. Others (Bakiev
et al., 2000; Sokolov and Lada, 2000) had doubts in the
reasons for separating the viper from partially wooded
steppe into the separate species.

MATERIAL AND METHODS

For study of intraspecific variability of the common
adder we investigated the peculiarities of the external mor-
phology of the subspecies V. berus berus — the “typical”
form from the Ryazan Oblast’, from the northwest of Rus-
sia and from Bashkortostan and additionally of black viper
of partially wooded steppe from Tambov and Voronezh
Oblast’s (Oka – Don plain). Fourteen characters recom-
mended for investigation of the common adder of the sub-
genus Pelias (Vedmederja, 1989) were analyzed: the num-
ber of ventralia (1), subcaudalia (2), rows of dorsales
around the middle of the body (3), supralabialia on the left
(4), and on the right (5), sublabialia on the left (6), and on
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the right (7), the ratios of the body’s length to the tail’s
length (8), the head’s width to its length (9), the head’s
length to its maximum width (10), the length of frontale to
its width (11), the length of frontale to the distance be-
tween front edge of frontale and upper edge of rostrale
(12), the height of second supralabialia to the height of
third one (13), the height of praenasale to its width (14).

Totally 260 specimens were investigated. 106 speci-
mens (46 females and 60 males) from the Tambov Oblast’
and 18 ones (10 females and 8 males) from the Voronezh
Oblast’ were belonging to the black type of the common
adder (so-called “Vipera nikolskii”). 30 vipers (11 females
and 19 males) from the Ryazan Oblast’, 58 ones (27 fe-
males and 31 males) from the northwest of Russia and 48
ones (22 females and 26 males) from the Bashkortostan
were belonging to the typical form (Vipera berus). All the
characters were studied separately for males and females.
The collections are stored in the Zoological museum of

Tambov State University (samples from Tambov, Voro-
nezh, and Ryazan Oblast’s), in the Zoological Institute,
Russian Academy of Sciences (samples from the north-
west of Russia — Leningradskaya and Pskov Oblast’s and
Karelia) and in the Zoological Museum of Moscow State
University (samples from Bashkortostan). Standard statis-
tical parameters (min – max are limits, M is mean value,
S.E. is standard error, S.D. is standard deviation, t is the
Student’s criteria) were used (Lakin, 1968).

RESULTS AND DISCUSSION

The results of comparison of the mentioned features in
the samples from different parts of the viper’s specific
range are shown in Table 1. The first impression from the
achieved results seems to leave no doubts in the rightness
of herpetologists from Kharkov. The males from Tambov
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TABLE 1. Comparison of Common Adder from Different Parts of Specific Range on Some Morphological Characters

Characters
Tambov Oblast’ –

– Voronezh Oblast’
Tambov Oblast’ –
– Ryazan Oblast’

Tambov Oblast’ –
– Northwest of Russia

Tambov Oblast’ –
– Bashkortostan

Northwest of Russia –
– Ryazan Oblast’

t P t P t P t P t P

Males

1 1.61 >0.05 7.76 <0.001 7.35 <0.001 5.04 <0.001 1.09 >0.05

2 0.86 >0.05 3.31 <0.01 2.53 <0.05 3.05 <0.01 1.31 >0.05

3 2.11 <0.05 2.93 <0.01 3.80 <0.001 1.40 >0.05 0.18 >0.05

4 0.21 >0.05 4.00 <0.001 1.69 >0.05 1.56 >0.05 2.15 <0.05

5 0.38 >0.05 3.48 <0.001 1.67 >0.05 1.31 >0.05 2.27 <0.05

6 1.43 >0.05 0.33 >0.05 1.81 >0.05 1.29 >0.05 1.30 >0.05

7 0.95 >0.05 0.94 >0.05 3.53 <0.001 1.20 >0.05 2.12 <0.05

8 2.24 <0.05 0.59 >0.05 1.10 >0.05 2.30 <0.05 0.28 >0.05

9 1.18 >0.05 0.99 >0.05 3.63 <0.001 3.56 <0.001 4.68 <0.001

10 1.30 >0.05 7.69 <0.001 0.89 >0.05 1.95 >0.05 7.02 <0.001

11 0.03 >0.05 3.60 <0.001 5.69 <0.001 4.59 <0.001 0.97 >0.05

12 0.27 >0.05 0.98 >0.05 2.36 <0.05 1.69 >0.05 0.89 >0.05

13 0.95 >0.05 2.53 <0.05 2.64 <0.05 3.55 <0.001 0.27 >0.05

14 2.47 <0.05 3.42 <0.01 0.11 >0.05 2.88 <0.01 3.25 <0.01

Females

1 1.44 >0.05 3.63 <0.001 3.94 <0.001 4.60 <0.001 0.93 >0.05

2 0.86 >0.05 3.29 <0.01 5.34 <0.001 4.92 <0.001 0.69 >0.05

3 0.21 >0.05 3.79 <0.001 4.81 <0.001 2.43 <0.05 0.09 >0.05

4 1.53 >0.05 1.27 >0.05 0.84 >0.05 1.43 >0.05 1.51 >0.05

5 2.31 <0.05 0.27 >0.05 0.60 >0.05 1.78 >0.05 0.15 >0.05

6 2.05 <0.05 1.88 >0.05 2.52 <0.05 1.71 >0.05 0.24 >0.05

7 1.64 >0.05 1.48 >0.05 2.61 <0.05 2.41 <0.05 0.42 >0.05

8 0.92 >0.05 0.60 >0.05 2.98 <0.01 2.71 <0.01 3.61 <0.001

9 1.68 >0.05 0.04 >0.05 3.29 <0.01 3.54 <0.001 2.62 <0.01

10 2.73 <0.01 6.45 <0.001 0.48 >0.05 1.05 >0.05 6.00 <0.001

11 3.11 <0.01 2.14 <0.05 5.04 <0.001 4.86 <0.001 1.86 >0.05

12 2.24 <0.05 0.30 >0.05 3.24 <0.01 2.86 <0.01 3.37 <0.001

13 0.29 >0.05 0.50 >0.05 0.73 >0.05 1.97 >0.05 0.03 >0.05

14 1.84 >0.05 1.21 >0.05 1.65 >0.05 2.21 <0.05 2.37 <0.05



and Ryazan Oblast’s are distinguished in nine characters,
and differences on five of them have the maximum level of
significance (P < 0.001). The females from these regions
also have morphological differences, though more modest.
The comparison of black type of the common adder with
the “typical” form inhabiting the northwest of Russia and
Bashkorkostan gives just the same results. Well, does Vi-
pera nikolskii really exist? The analysis of the degree of
stability of the characters differentiating the samples under
comparison makes us refrain from a positive answer. The
stable differences between the “black” and “typical” males
in all the three compared groups is noticeable in characters
1, 2, 11, and 13. As for the females from these groups, the
differences here are noticeable in characters 1, 2, 3, and
11. So, both sexes of the two types of the common adder in
all compared groups are distinguished for certain only in
1, 2, and 11 characters. As for the rest characters (4, 5, 6, 7,
8, 9, 10, 12, and 14), they can not be called “working” be-
cause there is no stability in their manifestation. The anal-
ysis of the column of the Table 1 showing the results of the
comparison of the “typical” form of the common adder
from Ryazan Oblast’ and from the northwest of Russia
testifies that the males are distinguished in six, and fe-
males — in five characters. It must be noted that the fe-
males of “black” form from Tambov Oblast’ are distin-
guished from the “typical” females from Ryazan Oblast’
also in five characters. The comparison of samples of
“black” type (from Tambov and Voronezh Oblast’s) has
also revealed the significant differences in some charac-
ters, including the 11 (only the females are distinguished
in this character). Moreover, we compared the black vipers
from Tambov and Kharkov Oblast’s in the character 1
(the number of ventralia). Comparing our data (number
of ventralia in males M ± m = 149.02 ± 0.33, in females
152.76 ± 0.40) with the materials given by Grubant et al.
(1973) we identified that the degree of difference between
the males isn’t significant (t = 1.68), but as for the
females, it exceeds the third level (t = 5.07; P < 0.001).
Vedmederja et al. (1986) gave a bit different information
about the number of ventralia in Vipera nikolskii sp.n., and
it naturally had resulted in the change of the before estab-
lished degree of difference of the character in the samples
of vipers under comparison. In this case the difference had
become significant for males (t = 2.33; P < 0.05) as well
as for females (t = 2.49; P < 0.05).

The question arises: which of the analyzed characters
must be included in the identification of viper’s forms?
The number of ventralia? The number of subcaudalia? The
form of frontale? In spite of the high level of significance
of differences, these characters are highly variable, and
this fact practically deprives them the possibility to be

used while identifying the analyzed types of the common
adder. Besides, the available materials show that many of
the analyzed characters have more or less stable connec-
tion with the latitude of the region. We compared the six
samples of V. berus from the different parts of the specific
range, and the comparison had revealed the high variabil-
ity between populations. If the investigations will be con-
tinued, I believe the results will be almost the same.

To summarize, the common adder in their great spe-
cific range, naturally formed a number of types adequate
to the conditions of the environment of the certain region.
The level of genotypic and phenotypic differences be-
tween such forms is not the same. The problem of separat-
ing of new “races,” “morphs,” “subspecies,” “species” is
not new and will probably be open for discussion for a
long period of time (for certain reasons). According the re-
commendations for the description of new taxons (Shcher-
bak, 1989), the number and degree of significance of dif-
ferences of the mentioned above characters are certainly
not enough for attaching the status of the species to the
black form of Vipera berus. In my opinion, the total com-
bination of these characters allows to separate the black
form of the common adder as a subspecies. It will be
natural to remain the specific name suggested by Ved-
mederja et al. (1986) as a subspecies name — Vipera berus
nikolskii.
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TAXONOMICAL ANALYSIS OF MORPHOLOGICAL VARIETY
OF THE SAND LIZARD (Lacerta agilis) IN UKRAINE

O. A. Tytov,1 V. N. Peskov,1,2 and A. U. Brovko1

Keywords: pholidosis, morphology, variety, Lacerta agilis, Ukraine.

INTRODUCTION

The four subspecies L. agilis agilis, L. a. chersonensis,
L. a. euxinica, and L. a. exigua of the sand lizard occur in
the Ukraine (Darevsky et al., 1976; Scherbak and Scher-
ban, 1980; Kotenko and Taraschuk, 1982, Kalyabina-Hauf
and Ananjeva, 2004). The age and sex composition of
populations and questions in connection with taxonomic
varieties of the sand lizard in Ukraine are still not clearly
understood.

MATERIAL AND METHODS

232 lizards of pure subspecies populations were ana-
lyzed to resolve these questions. We have studied 57 liz-
ards of L. a. agilis from Zakarpatskaya Oblast’, 49 lizards
of L. a. chersonensis from Zhytomir Oblast’, 58 lizards of
L. a. euxinica from Odessa Oblast’, 68 lizards of L. a. exi-
gua from Donetsk Oblast’. From each lizard 17 pholi-
doses, 3 pattern and 18 morphometry features were re-
corded. We used one- and multimeasured methods for sta-
tistical analysis of these data.

The differences were analyzed as integral indices by
the Zarapkin Distances and Squared Mahalanobis Dis-
tances (The Mahalanobis distance is similar to the stan-
dard Euclidean distance measure, except that it takes into
account the correlation between variables). The distance
matrixes were analyzed by klaster, factor and discriminant
analyses.

RESULTS AND DISCUSSION

Young males and females of the sand lizard clearly
differ from matures by body proportions. Nevertheless,
with age body proportions of lizards from subadultus to
senex change gradually. This property is more typical for

L. a. chersonensis and euxinica subspecies in comparison
with L. a. agilis and L. a. exigua. Among these age groups
there are few lizards with intermediate properties of the
same linear dimensions and body proportions. Young liz-
ards have relatively bigger head and eyes and more longer
and wider muzzle in comparison with matures. In body
proportions they almost have no reliable differences. The
reliability to distinguish age groups could be confirmed by
the discriminant analysis. It is known that the sex differ-
ences increase with the age. For example the Squared Ma-
halanobis Distances of L. a. agilis young males and fe-
males is 28.05, while the old males and females of this
subspecies have much more Squared Mahalanobis Dis-
tances — 40.14. Taxonomical differences were registered
in character and degree of sex dimorphism by all features
and by some of them as well. For example the differences
between the old males and females of L. a. exigua are two
times as little as the same differences of L. a. agilis lizards.

According to the results of discriminant analysis of
L. agilis males and females by pholidoses and pattern fea-
tures the maximal differences were registered between
L. a. agilis and L. a. exigua subspecies, and minimal be-
tween L. a. chersonensis and L. a. euxinica subspecies
(Table 1).

The most similar by phenotype L. a. chersonensis and
L. a. euxinica subspecies have reliable difference in ra-
tio combinations of postnasalia and frenale scutums
(P < 0.001) and bilateral combinations of postnasalia
(P < 0.001) and frenale (P < 0.01) scutums. With reliable
level 95% (P < 0.05) these subspecies have reliable differ-
ence by number of subciliaria scutums and scutums which
adjoin the 4th submaxilaria scutum, by ratio of central
white strip and lateral lines morphs. L. a. agilis and
L. a. exigua have reliable difference by 16 (it is 80%) pho-
lidoses features. For other comparison pairs 13 – 16 fea-
tures registered the reliable difference.

The morphometry features have had the same result
for males and females of all four subspecies. The maximal
differences in body proportions were registered between
L. a. agilis and L. a. chersonensis, L. a. agilis and L. a. exi-
gua (Table 2).
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The minimal differences were registered for L. a. cher-
sonensis and L. a. euxinica. L. a. chersonensis occupies a
middle part of all subspecies distribution and by body pro-
portions this subspecies is intermediate form among other
three subspecies. By the all of body proportions L. a. euxi-
nica (which is synonymized with L. a. chersonensis in
1984 (Bischoff, 1984)), is a reduced copy of L. a. cherso-
nensis, that can be explained by means of ecological pecu-
liarity (living on the sand) of subspecies (Kotenko and Ta-
raschuk, 1982). Although L. a. euxinica has shorter, lower
and narrower head, it almost hasn’t differences from
L. a. chersonensis by such head features as width of brain
part, eye and ear-drum diameter, that has shown on some
of mutual pattern adaptations to arid conditions.

Each subspecies can be characterized by the following
features: L. a. euxinica has the most narrow and low head,
short extremities and narrow anal scutum. Females have a
big ear opening. L. a. exigua has the longest extremities,
short frontal and anal scutums, little eye and ear opening.
Females have a wide anal scutum. L. a. agilis has the lon-
gest neck, narrow pileus, and wide distance between nos-
trils and the biggest height of head. Males have long and
wide frontal and anal scutums. Females of L. a. cherso-
nensis have the longest head and the biggest one in com-
parison with the other subspecies female length of frontal,
anal and width of frontal scutums.

The discriminant analysis of young and mature
L. a. agilis and L. a. exigua subspecies lizards has shown,
that Squared Mahalanobis Distances value used to be de-
termined by taxonomical lizard’s attribute, then by sex of
animals and their age. By the results of our work the fol-
lowing conclusions could be made.

1. The age differences of the sand lizard in body pro-
portions can be divided into the two age groups: young (sub-
adultus and adultus 1) and mature (adultus 2 and senex).

2. L. a. euxinica in comparison with L. a. chersonen-
sis has the most variable age groups by morphology. The
increasing of these subspecies differentiation level with
the age has been registered.

3. The sex differences become evident both for the
body proportions and individual morphometry features.
The level of sex differences increases with the age.

4. In pholidoses and body proportions features L. a. agi-
lis and L. a. exigua are the most variable subspecies and
the least variable are L. a. chersonensis and L. a. euxinica.

5. We think that level and degree of L. a. agilis,
L. a. exigua, and L. a. chersonensis divergence confirm
their subspecies status by the all folidoses features and
body proportions. L. a. chersonensis and L. a. euxinica
have a less degree of difference, so we think that they
should be considered as the biotopical forms, which are at
the initial forming stage by morphology divergence level.
The L. a. chersonensis subspecies by both the body pro-
portions and pholidoses features will keep intermediate
status for a long time yet.
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TABLE 1. Squared Mahalanobis Distances in Compare of Four Sand
Lizard Subspecies by the 17 Pholidoses and 3 Pattern Features

Females
Males

agilis chersonensis euxinica exigua

agilis — 19.03 24.07 31.15

chersonensis 23.04 — 8.94 22.45

euxinica 19.63 10.77 — 16.96

exigua 31.81 16.53 16.25 —

TABLE 2. Squared Mahalanobis Distances in Compare of Four Sand
Lizard Subspecies by the 18 Morphometry Features

Females
Males

agilis chersonensis euxinica exigua

agilis — 33.00 15.41 31.75

chersonensis 29.79 — 12.75 28.49

euxinica 23.36 8.22 — 17.89

exigua 24.19 29.73 26.93 —



ARE THERE MORPHOLOGICAL DIFFERENCES BETWEEN TWO GENETICALLY
DIFFERENTIATED CLADES IN THE ADDER Vipera berus berus?

S. Ursenbacher,1 I. Sasu,1 M. Rossi,1 and J.-C. Monney2

The morphologies of 164 adders (Vipera berus berus) were analyzed in order to assess if morphological differences
occur between the Northern and the Italian clades. Pholidosis and some corporal proportions were measured, corre-
sponding to 17 parameters. Several parameters show significant differences between clades (e.g., subcaudals, labials,
sublabials, parietal scales). Moreover, discriminant analyses separate both clades with high degrees of accuracy of a
correct classifying.

Keywords: Vipera berus, morphology, discriminant analysis.

INTRODUCTION

The adder, Vipera berus (Linnaeus, 1758), has the
most widespread terrestrial snake in the world (Saint Gi-
rons, 1978). Despite this large distribution area, only three
sub-species are recognised: V. b. berus, V. b. bosniensis
(Boettger, 1880), V. b. sachalinensis (Zarevsky, 1917).
Moreover, the nominal subspecies is present from France
to middle Russia, with only a low level of morphological
variation over approximately 10,000 km (Saint Girons,
1978). Homogeneity within this subspecies was also con-
firmed by 2 different studies based on genetic markers
(Joger et al., 2003; Ursenbacher et al., submitted), except
adders in Italy, Northern Slovenia, southern Austria and
extreme southeastern Switzerland (the Italian clade).
Given the high degree of genetic differentiation (the split
between the two clades occurred more than 1 Million
years ago), the aim of this short note is to compare the
morphology of these two clades.

MATERIAL AND METHODS

Measurements. We measured 164 Vipera berus berus
deposited in the Natural History Museum of Geneva,
Switzerland (MHNG): 101 (54 females and 47 males)
from the Northern clade and 63 (35 females and 28 males)
from the Italian clade described in Ursenbacher et al. (sub-
mitted) and Joger et al. (2003). Clade was assigned ac-
cording to the location of the collected animal. The num-
ber of ventrals (V), subcaudals (C), apicals (A), parietals
(P) intercanthals scales (I), as well as, on both sides, the

total number of loreals (L), canthals (CA), peri-occulars
(PO), supralabials (SUP), sublabials (SUB) and para-
frontals scales (PA) were counted according to the method
used by Saint Girons (1978).

The number of rows between the peri-occulars and the
supralabials was also counted on both sides (RO). Alto-
gether, 12 parameters describing head scale patterns were
measured. Moreover, the total length (LOT.C), the length
of the tail (LO.Q), the snout-vent length (SVL), and head
length (LO.T) and width (LR.T) were measured; from
these, the proportion of length composed of the tail
(%TAIL = LO.Q�LOT.C) and the head (%HEAD =
LO.T�LOT.C) and the relative width of the head (%W.T =
LR.T�LO.T) were calculated. Only sub-adults and adults,
defined by a total length >300 mm were included in
analyses.

Statistical analyses. All statistical analyses were done
using SPSS 11.0.1 for MacOSX (SPSS Inc.). Analyses
were conducted with data for males and females together,
as well as for each sex separately. First the SVL were com-
pared between clades. Subsequently, comparisons be-
tween clades for all parameters were done using Student’s
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TABLE 1. Probabilities of t-Tests or the Wilcoxon Tests for Parameters
with at Least One Significant Value

Female and male
probability

Female
probability

Male
probability

V 0.020 * 0.062 NS 0.064 NS

C 0.000 *** 0 *** 0 ***

L 0.001 *** 0.029 * 0.009 **

SUP 0.012 * 0.122 NS 0.003 ***

SUB 0.002 *** 0.017 * 0.012 *

I 0.001 *** 0.005 *** 0.089 NS

P 0 *** 0.002 *** 0.013 *

%TAIL 0.119 NS 0.036 * 0.358 NS

NS, P > 0.05; *p = 0.05; **p = 0.01; ***p = 0.005.



t-test, Welch’s t-test and Wilcoxon’s test. Scale pattern
measurements and ratios (%TAIL, %HEAD, %W.T) were
analyzed with discriminant.

RESULTS

Comparison between clades. SVL did not differ be-
tween clades either when males and females were ana-
lyzed together (Z = –0.507, p = 0.612) or when considered
separately (Z = –0.269, p = 0.788 for females, Z = –0.991,
p = 0.321 for males). All significant differences between
the two clades are shown in Table 1. Significant differ-
ences for both sexes both combined and split were ob-
served for the number of subcaudals (C), loreals (L), sub-
labials (SUB) and parietals (P). Only males showed a dif-
ference in supralabials (SUP), while only females differed
in intercanthals scales (I) and the proportion of the tail
(%TAIL). When males and females were combined, the
number of ventral scales (V) differed significantly be-
tween clades although neither males nor females alone
showed a significant difference.

Discriminant analyses. The result of the discriminant
analysis grouping males and females is shown in Fig. 1.
Group membership was predicted correctly in 68.5 to
85.7% of cases. When the same analyses were done on fe-
males and males separately, the predicting accuracy was
83.3 – 88.6% for females and 91.5 – 92.9% for males.

DISCUSSION

The Northern and Italian clades seem to have several
morphological differences as shown above, some of which

might be useful to morphologically determine the clade of
an animal. Adders from the Italian clade have a lower
number of subcaudals (about 3 subcaudals less than the
Northern clade), higher number of loreals and sublabials, a
lower number of intercanthals, and the parietals are less
split (Table 2). The number of ventral scales also seems to
be lower in the Italian clade, but this difference is not sig-
nificant when the analysis is conducted on males and fe-
males separately. Saint Girons (1978) has already ob-
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TABLE 2. Measurements on Females and Males of Each Clade, with the Mean, Standard Deviation, Minimum and Maximum Observed

Group V C L SUP SUB I P

Females

Italian clade
n = 35

Mean 145.77 ± 3.23 27.63 ± 2.13 6.71 ± 2.47 17.63 ± 0.84 20.89 ± 1.37 6.91 ± 2.62 1.97 ± 0.38

Minimum 137 23 2 16 19 2 0

Maximum 153 34 11 19 24 14 3

Northern clade
n = 54

Mean 147.15 ± 3.55 30.50 ± 3.59 5.54 ± 2.40 17.17 ± 1.61 20.00 ± 2.06 8.70 ± 3.26 2.46 ± 0.86

Minimum 139 21 1 12 15 4 2

Maximum 155 39 11 20 25 18 7

Males

Italian clade
n = 28

Mean 142.43 ± 3.73 34.36 ± 2.39 5.89 ± 2.60 17.93 ± 1.15 21.21 ± 2.17 6.82 ± 2.63 2.00 ± 0.27

Minimum 134 29 2 16 15 3 1

Maximum 149 39 12 22 26 12 3

Northern clade
n = 47

Mean 144.11 ± 3.54 36.81 ± 2.71 4.47 ± 1.99 17.11 ± 1.03 19.96 ± 1.77 7.91 ± 2.69 2.47 ± 0.95

Minimum 135 30 0 15 16 2 2

Maximum 152 42 9 19 23 16 6

female, Northern clade
male, Northern clade
female, Italian clade
male, Italian clade
Group centroids

4

2

0

–2

–4
42

Discr. 1

D
is

cr
.2

0–2–4

Fig. 1. Discriminant analysis with all animals (Discr. 1: 77.8% of the
variance; Discr. 2: 20.8% of the variance; Wilks’ ë = 0.1836,
p < 0.0005).



served a lower number of ventrals in adders belonging to

the Italian clade. Scali and Gentilli (1999) also showed a

lower number of ventrals in specimens from the Po plane

(northern Italy).

However, the number of analyzed animals is not very

high and the majority of adders of the Italian clade come

from the Graubunden region (extreme southeastern Swit-

zerland), and might be different from adders from the rest

of the distribution of the Italian clade. Due to a low num-

ber of animals per location, it is not possible to analyze the

present dataset in detail. The number of samples of each

clade, especially animals from Russia, Scandinavia, Italy,

Slovenia and Austria should also be increased for better

resolution of the local morphological differences. Finally,

adding more morphological characters such as dorsal pat-

tern (see Nilson and Andrén, 2001, for V. ursinii group)

might also reveal more differences within V. b. berus.

Nevertheless, these preliminary analyses suggest morpho-

logical differenciation in V. b. berus following genetic

splitting.
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MOLECULAR-GENETIC CHARACTERISTICS
OF LIZARD RIBOSOMAL DNA

A. S. Voronov,1 G. A. Voronova,1

N. S. Kupriyanova,1 and A. P. Ryskov1

Keywords: lizards, ribosomal DNA, internal transcribed spacers.

INTRODUCTION

Remarkable changes in sequence composition of dif-
ferent genome components took place in the process of
transition between cold- and warm-blooded vertebrates.
The possible way to study this transition on the molecular
level today is to compare mammalian or avian DNA se-
quences with homologous sequences in Xenopus, the only
cold-blooded vertebrate having enough sequences in data
banks. Ribosomal DNAs (rDNAs), and particularly inter-
nal transcribing rDNA spacers (ITS-1 and ITS-2), are
commonly used in comparative genomic studies of differ-
ent taxa providing valuable data for phylogenetic and sys-
tematic constructions. Unfortunately, information on se-
quence organization of rDNA in reptiles is also very lim-
ited. Here, we present first data on sequence organization
of rDNA monomers and its ITS-1 and ITS-2 regions for
several lizard species.

MATERIAL AND METHODS

Darevski nairensis, Darevski valentini, Lacerta striga-
ta, and Laudakia caucasia total genomic DNAs were iso-
lated from the lizard blood samples, according to Mathew
(1984). Two oligonucleotide primers 5�-AGTCCCTG-
CCCTTTGTACACA-3� and 5�-GCCGCGTCTGATCT-
GAGGTC-3� were designed and used for PCR amplifica-
tion of the rDNA segment, containing ITS-1 and ITS-2.
The oligonucleotide probes RI, RII, RIII, and RIV used in
blot-hybridization experiments were the same as described
earlier (Kupriyanova et al, 1996). PCR amplification and
blot hybridization were carried out as previously described
(Kupriyanova et al., 1999). Comparison between 3�18S-
ITS-1-5.8S-ITS-2 regions of the L. strigata, Xenopus lae-
vis, and Rattus norvegicus was performed after their align-
ment with the use of “DNA Star” program (Clustal).

RESULTS AND DISCUSSION

Figures 1 and 2 show restriction maps and blot-hy-
bridization patterns obtained for D. nairensis and Lauda-
kia caucasia lizard rDNAs. Hybridizations were carried
out with the use of oligonucletide probes complementary
to the most conservative transcribed regions of rDNA and
different restriction enzymes. The conservative EcoR I
sites characteristic of other vertebrate 18S and 28S rDNAs
are found in all lizards studied. Positions of some other
restriction sites are similar for D. nairensis and D. valenti-
ni rDNA, but differ for rDNA of Laudakia caucasia.
The blot-hybridization data obtained allow to conclude
that rDNA monomers in D. nairensis and D. valentini are
about 15 – 16 kb and rDNA monomers in Laudakia cau-
casia are about 10 kb in length.

To study rDNA regions containing 3� end of 18S
rDNA, ITS-1, 5.8S rDNA, and ITS-2 in different lizard
species, PCR amplification with primers to conservative
18S and 28S rDNA sequences was used. Here, only com-
pleted data for L. strigata are presented. The amplified
2 kb DNA fragment of D. strigata was cloned into T-Easy
vector (Fermentas), sequenced and compared with homol-
ogous segments of Xenopus laevis and Rattus norvegicus
rDNAs (Fig. 3). Our calculations showed that total per-
centage of similarity of 3�-18S, 5.8 rDNA, and ITS-1 +
ITS-2 regions between these organisms is about 89, 94,
and 16.5%, respectively. It is interesting that the great bulk
of the coincident nucleotides in ITS-1 + ITS-2 is “G” and
“C” whereas only 6 coincident ”A” and 4 coincident ”T”
are detected among 302 identical positions in ITS regions.
Surprisingly, but similarity between ITS regions of L. stri-
gata and Rattus norvegicus comprises 45% and this is
much higher than pairwise similarity between ITS regions
of L. strigata�Xenopus laevis and Xenopus laevis�Rattus
norvegicus that comprise 21 and 24% respectively. Of
course, rDNA sequence information for other lizard spe-
cies is necessary to make evolutionary comparisons, and
this work is now in progress.
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Fig. 2. Organization of a 10 kb repeating ribosomal DNA unit of Laudakia caucasia. a: Laudakia caucasia DNA after digestion with EcoRI (1); Bgl II
(2); BamHI (3); Pvu II (4); KpnI (5); HindIII (6) was blot-hybridized with labelled oligonucleotide RII. Identical sizes of the hybridizing fragments on
lanes 2 and 4 – 6 let to conclude that putative length of repeating rDNA unit in Laudakia caucasia lizards approximates to 10 kb. b – e: Digestion of liz-
ard genomic DNA with EcoRI (1); EcoRI + SalGI (2); EcoRI + Pst I (3); EcoRI + AccI (4); EcoRI + Bgl II (5); EcoRI + EcoR V (6); EcoRI + NotI (7);
EcoRI + Xho I (8) and successive blot-hybridization with RI (b), RIII (c), RII (d), or RIV (e). Positions of all these specific oligonucleotide probes are
shown on the rDNA restriction map.
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Fig. 1. Organization of a 15-kb repeating ribosomal DNA unit of rock lizards. Identical results were obtained for D. nairensis and D. valentini lizards.
a: D. nairensis lizard DNA after digestion with HindIII (1); BamHI (2); EcoRI (3); KpnI (4) was blot-hybridized with labelled oligonucleotide RII. Iden-
tical sizes of the hybridizing fragments on lanes 1a – 1n, 2a – 2n, and 4a – 4n let to conclude that putative length of repeating rDNA unit in rock lizards
approximates to 15 kb (shown by the arrow). b – e: Digestion of D. nairensis genomic DNA with EcoRI (1); EcoRI + Pst I (2); EcoRI + SalGI (3);
EcoRI + AccI (4); EcoRI + BglII (5); EcoRI + EcoRV (6), EcoRI + Not I (7); EcoRI + Xho I (8) and successive blot-hybridization with RI (b), RIII (c),
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1270 1280 1290 1300 1310 1320 1330

XAGAGXTC-----AXXXXXCAGA-AXXCGTACGACTCTTAGCGGTGGATCACTC-GGCTCGTGCGTCGAT

CGGAGTTCCGCTCACACCTCAGCTAACCGTACGACTCTTAGCGGTGGATCACTC-GGCTCGTGCGTCGAT

AAAAA--------AAGGACCAGA-ATGCGTACAACTCTTAGCGGTGGATCACTCAGGCTCGTGCGTCGAT

-AGAGCTC----------------------GCGACTCTTAGCGGTGGATCACTC-GGCTCGTGCGTCGAT

Rat 18S-VTS.S1

Str.VTS1-VTS2

X.L.VTS1-VTS2

1340 1350 1360 1370 1380 1390 1400

GAAGAACGCAGCTAGCTGCGAGAATTAATGTGAATTGCAGGACACATTGATCATCGACACTTCGAACGCA

GAAGAACGCAGCTAGCTGCGAGAATTAATGTGAATTGCAGGACACATTGATCATCGACACTTCGAACGCA

GAAGAACGCAGCTAGCTGCGAGAATTAATGTGAATTGCAGGACACATTGATCATCGACCCTTCGAACGCA

GAAGAACGCAGCTAGCTGCGAGAATTAGTGTGAATTGCAGGACACATTGATCATCGACACTTCGAACGCA

Rat 18S-VTS.S1

Str.VTS1-VTS2

X.L.VTS1-VTS2

1410 1420 1430 1440 1450 1460 1470

C-TTGCGGCCCCGGGTTCCTCCCGGGGCTACGCCTGTCTGAGCGTCGCTTGACGATCAATCGCCGCCCCC

C-TTGCGGCCCCGGGTTCCTCCCGGGGCTACGCCTGTCTGAGCGTCGCTTGACGATCAATCGCCGCCCCC

C--TGCGGCCCCGGGTTCCTCCCGGGGCTACGCTTGTCTGAGCGTCGCTTGAAGGTCAATCGCCNGCNGC

CCTTGCGGCCCCGGGTTCCTCCCGGGGCCACGCCTGTCTGAGGGTCGCTC--CGA-CGTCCATCGCCCCC

Rat 18S-VTS.S1

Str.VTS1-VTS2

X.L.VTS1-VTS2

1480 1490 1500 1510 1520 1530 1540

-CXXGCXGXXXXGXCGCXXXGXGXXXXXXCXCGXCXXGCGGCXGGGXGXXTXXTCGXXGG-GXCXGXXXX

-CTTGCGGTTTCGCCGCCGCGGGGGGGATCGCGTCGCGCGGCTGGGAGTCTGCTCGCAGG-GCCCGCTCC

GCGCGCTGCCGNGACGCTCTGAGCCCCCCCTCGCCTGGCGTGGGGGCGGTTTATCGTGGGTGGCGGTCGG

----------------------------------------GCCGGG------------------------

Rat 18S-VTS.S1

Str.VTS1-VTS2

X.L.VTS1-VTS2

1550 1560 1570 1580 1590 1600 1610

XCGXGGXCCXXXGTXTCCCGXXGTXCCGXCGXGGXCGGX-GXCCGGCGTTCGC--XXGCXCCGTGGG-CC

CCGGGGCCCTCCGTCTCCCGAAGTTCCGACGTGGGCGGC-GTCCGGCGTTCGCCCGCGCCCCGTGGGTCC

TCGCGGGCCGGGGTGCAGCTGGGGGAAGCCGGGCCCGGCCGGCCGGCGTTCGC--AGGCTCCGAAA--CC

---------------TCCCG---TCCCGGCGCGGA-GGC-G--CGGC----------------TGGG---

Rat 18S-VTS.S1

Str.VTS1-VTS2

X.L.VTS1-VTS2

1620 1630 1640 1650 1660 1670 1680

GCXCXG--TXGXXCTCCXTXCCCGCCGTCGXXGXXXGGCCGGGCGXCXXXXCTXXCXXCXXCXXCCCCXX

GCGCGGGCTCGTCCTCCCTGCCCGCCGTCGTCGTGCGGCCGGGCGGCCCTCCTCGCGGCTCCTTCCCCGC

GCCCCG00TAGAGCTCCTTCCCCGGTCCCG-GGGAAGGCCGGGCGCCGGAGCTGCCTACGACCCCCCCAA

-----------------------GCCGTCGCAG-------GGGCG-------------------------

Rat 18S-VTS.S1

Str.VTS1-VTS2

X.L.VTS1-VTS2

169 1700 1710 1720 1730 1740 1750

G---TCCGCCGCTCCCGCXCCCGXCXTCGCCCGCXCTCCCCCGXXXTXGXACXCXXCXGCXGGGCCAGTC

GCGCTCCGCCGCTCCCGCTCCCGTCCTCGCCCGCTCTCCCCCGCCGTGGGACGCGTCGGCGGGGCCGGTC

G---TCCAG-ACCCATGCCCCCGGGGCGGCCCGCCCTGGGAAGTGCTCGTACCCTCCCGTCG---CAGTC

------CGCCGCTCCC--------CTTCG-------TCCCCC-----------------CAAGGCCAG--

Rat 18S-VTS.S1

Str.VTS1-VTS2

X.L.VTS1-VTS2

1760 1770 1780 1790 1800 1810 1820

GXG-TXCXXXXCGXXGXGXXXXGXXXGXX-GXCGXG-TCGXXXGXG--GTXCGXXGCACCTCCGGTXGXG

GGG-TGCTGGGCGCGGAGAGGGGGGGGAAAGTCGCG-TCGCCGGGGTCGTTCGCCGCGCCTCCGGTGGGG

GAGCTCCCCTCCGTCGCGCCACGTCCGGG-GCCGTGATCGGTCGAG--GTGCGTTGCATCTCGCATCGCG

---------------------------------------------------------ACCCCCGGC----

Rat 18S-VTS.S1

Str.VTS1-VTS2

X.L.VTS1-VTS2

1830 1840 1850 1860 1870 1880 1890

XGXXGGXCCGG--CCXCGCCCGCXGGGCC--CGCGTCCGCCGXXGXCG-GCGCCCGXCCGGTGXXTGCGG

TGGGGGGCCGGGACCCCGCCCGCGGGGCCGGCGCGTCCGCCGCCGCCGCGCGCCCGCCCGGTGCGTGCGG

CGACGGTCCCG--CCTCGTCTTCTGCGCC--CGCGTC--CCGAAGGCG-GCCGGCGAGGGGTGAAT-CGG

-------CCGG-----CGCCCG---GGCC-------CCG------------GCCCGGCCGGCG---GCGG

Rat 18S-VTS.S1

Str.VTS1-VTS2

X.L.VTS1-VTS2

1900 1910 1920 1930 1940 1950 1960

XGXGXGXXXGXGAGXXXGXXXXXCX-GXGGXXCGT-XCXGXGXGGCTGTXX-XGXXXCCGCGGGGCXGXX

AGAGAGAGAGAGAGAGAGAGACCCGCGAGGGTCGT-TCGGGGGGGCCGTAC-CGCGCCCGCGGGGCCGGT

CGGGGGCCGGGGAGGCGGCCGATCA-GGGGTCCGTGCCCGCGCGGCTGTCTGTGGAGACACAGGGCTGCC

---------------------------------------------CTGT--------CTGTGGA------

Rat 18S-VTS.S1

Str.VTS1-VTS2

X.L.VTS1-VTS2

1970 1980 1990 2000 2010 2020 2030

CXCGC-TXCCXXXXCTCCCCXGCTCCCTXCACCXGGGCCGXCCGCCCCGGCGCCGGCCCGXGG-GCCGX-

CTCGCGTCCCTCTCCTCCCCCGCTCCCTCTACCGGGGCCGACCGCTCCGGCGCCGGCCCGCGGCGCCGCG

CGCGC-TGCCGGATCTCCCCTGCCGGTCGCTCCCGGGCCTTCCGTCC--GCGCTG-CAGGTGG-GCCGT-

-----------------------TCCCTTCAC---GGCTG-CCGCCCCGG--CCGGCCC-----------

Rat 18S-VTS.S1

Str.VTS1-VTS2

X.L.VTS1-VTS2

2040 2050 2060 2070 2080 2090 2100

-CXTCCGXGCGCXG-XG-GXCTTGCCCCCXGGXXXTXGGGCCCGCCGGCGXXGGAGXXGXCG--GXXTCX

GCGTCCGTGCGCCGACGCGACTTGCCCCCGGGATGTGGGGCCGGCCGGCGAAGGAGAGGTCGCGGGCTCC

-CCTCC--CCGCTG-TG-GTCTTCCTCCCCGGGCCTCGTTCTCCCCGGTGGCAGTGCAGC----GATTCG

---CCCGGG--------------GCCCC----------GGCCCGCCGGCG--GGAG----CG--------

Rat 18S-VTS.S1

Str.VTS1-VTS2

X.L.VTS1-VTS2

2110 2120 2130 2140 2150 2160 2170

GGCCXGGCXCCCCXGG-GCCCTXGGGCCGCXGXCCCGTCGXTXXXXCXCTCGCCCXCCTCCCCTCXXCTX

GGCCTGGCTCCCCCGGCGCCCTCGCCCCGTCGTCCCGTCGTTCTCGCTCTCGCTCTCCTCTCCTCTCCTC

GGGGGGGGGCGGTTGG-G--TTGGGGTTGCTGGCC-GTCGGTTCACCCCTCGGCCGGCTTCCTTTCTCTT

GGCCCGGCCCCCC-----CCCCCGGGCCGCGGCCCCG-------------CGCCCCCCCCCCCCC-----

Rat 18S-VTS.S1

Str.VTS1-VTS2

X.L.VTS1-VTS2

2180 2190 2200 2210 2220

TCCTTCCXXCXCCCACGXGXXCCCAXCXXXCCXCXXXCTCX--TCXXXXGGACX

TCCTTCCGTCGCCCGCGCGCGCCCACCTCTCCTCCTTCTCC--TCCTCTGGACC

TCCTTCCCCCCCCCACGGGGTTCCATCCGACCGCGACCTCAGATCAGACGCGGC

------------CCACG---ACTCA-------------------------GA

Rat 18S-VTS.S1

Str.VTS1-VTS2

X.L.VTS1-VTS2

1200 1210 1220 1230 1240 1250 1260

T-GAGCCCCXCCCAXCCCGXXXAGGAXXXGCGACCGX---CGCTTGXXGCXXXXGTCAGCGXXCCGX-XG

--GAAACCCCTTCACCTCG----------GTGACT-----CGTTTGACGCAACGCAGAGCGGACCGC-CG

T--AGCCCTGCCGAGACCGAAAAGGAAAACCGACCGA---CGC-----------GTCGGCG---------

TCGGGCCCCTCCCATCCCGCGCAGGAGGGGCGGGCGGGGGCGCTTGTTGCGGTCGTCAGCACCCCGTGTGRat 18S-VTS.S1

Str.VTS1-VTS2

X.L.VTS1-VTS2

1130 1140 1150 1160 1170 1180 1190

XXTTXAX------XCGXGCGCCGXTTCGGGCCGCGXXGGCCGGXCXGXGGCXGAGCXCCCXCACCGT--G

TTTTTATTTTCTTACGTGTGCCGTTTCGTTTCGCGCTGGCCGGCCTGAGGCGGAGCCCCCTCGCCGTCCGRat 18S-VTS.S1

Str.VTS1-VTS2

X.L.VTS1-VTS2

CCTTCAC------GCGGGCGGGGCTTCGGGCCG----GGCCGGGCCG-GGCCGAGCGCCCGGACGGT---

-----------------GCGCC----CGGGCCGCGACCGCC--TCAGCGGCAG--------CACCG---G

150 160 170 180 190 200 210

CCGAGAAGACGGTCGAACTTGACTATCTAGAGGAAGTAAAAGTCGTAACAAGGTTTCCGTAGGTGAACCT

CTGAGAAGACGGTCGAACTTGACTATCTAGAGGAAGTAAAAGTCGTAACAAGGTTTCCGTAGGTGAACCT

CCGAGAAGACGGTCGAACTTGACTATCTAGAGGAAGTAAAAGTCGTAACAAGGTTTCCGTAGGTGAACCT

CCGAGAAGACGATCAAACTTGACTATCTAGAGGAAGTAAAAGTCGTAACAAGGTTTCCGTAGGTGAACCT

Rat 18S-VTS.S1

Str.VTS1-VTS2

X.L.VTS1-VTS2

220 230 240 250 260 270 280

GCGGAAGGATCATTAACGG---AGXCCG-------TCGXGCXCGXCCCCTCXXXGGCCXG-GXGAGXGTX

GCGGAAGGATCATTAACGGAGAAGXCCGAGGGGGGTCGTGCCCGTCCCCTCTTGGGCCTGTGTGAGTGTT

GCGGAAGGATCATTAACGG------TCG-------TCGCGCACGAGTCACGCCAGGC------GAGGCTC

GCGGAAGGATCATTAACG----AGACC------------------CCCCTC----ACCCG-GAGAGAG--

Rat 18S-VTS.S1

Str.VTS1-VTS2

X.L.VTS1-VTS2

290 300 310 320 330 340 350

CXXCCXXXXXGCCGGGAGGCGCGTXCCCGXGXGXG---CCGXGCCCGGCGTCC--GCC--GXGGCGC---

CCTCCTTCTCGCCGGGAGGCGCGTCCCCGGGTGGGTCCCCGTGTCCGGCGTCCTGGCGTCGTGGCGCGTG

CGACCACGATGCCGTGGATCCCGTTCCCGAGCGAG----CGAGCGAGGCGCC---GCG--GGGGCGC---

-------------GGAAGGCGC----CCG---------CCGCACCC----TCC-----------------

Rat 18S-VTS.S1

Str.VTS1-VTS2

X.L.VTS1-VTS2

360 370 380 390 400 410 420

CCGCGGCCXG--GGCGGAGGGAG---CGXGXC-GGXGXGCGXXGXCAGXGXGXCGXXXCXGXTCXGC-GC

CCGTGGCCGGCCGGCGGAGGGGGTTTCGGGACAGGTGTGCGGTGGCAGGGTGTCGGGTCTGGTCCGCCGC

CAGCAGCCAG--GGCGGTCGGAG---CGAGGC-GGCGCGCGCCGCCCGC-CGCCGCCCCCGATCTGC-GC

CCGCGG---------AGAGAGAG-----------------------AGAG--------------------

Rat 18S-VTS.S1

Str.VTS1-VTS2

X.L.VTS1-VTS2

430 440 450 460 470 480 490

GG-------XCCGTXXXXXCG--------TCGXXGXCX--GTGCGCCCGCCXC-GXCTCCXXCXCT-CCX

GGGACCTCCTCCGTTTTCTCGCTCTTCCCTCGACGCCTCCGTGCGCCCGCCTCCGCCTCCGCCGCTGCCG

GG-------CCCGTAGGGCCG--------TCGGAGACG--GTG-GTCTGCC---GGCTCCCTCCCT-CCN

------------------------------------------ACGCCCGCCCC-----------------

Rat 18S-VTS.S1

Str.VTS1-VTS2

X.L.VTS1-VTS2

500 510 520 530 540 550 560

XXGGXAGCGGGGXCXXTCTGCCCCTCCCCCGXCCGGC-----GXXXXXGTXXGCACXGGGGGXGGXXCGC

TCGGCAGCGAGGGCGTTCTGCCTCTTTCCCGACCGGCTCCGTGATCTCGTGTGCACCGGGGGTGGTACGT

CTGGGGGAGGGCTCTNTCTACTCCTCCTCCGGCCGGC-----GGCGCTGTCCGCCC----GTCGACGCGC

--GG-AGCGGAGAC----CGCCCCCCCCCC------------------------ACGGGGGGGGG---GC

Rat 18S-VTS.S1

Str.VTS1-VTS2

X.L.VTS1-VTS2

570 580 590 600 610 620 630

GXXCXCXCCGGGAGGXXXCCXGGACGCGCTCGCXXXXXXCGAGGXXCC-GCCGC------CCCGCCG-GX

GATCTCTCCGGGCGGTGGCCGGGACGCGCTCGCTCTCCTCGAGGCGCCTGCCGCTCCTCCCCCGCCGCGG

G--------GGGAGGCCTCCCGGGCGCGCTCGCCGGTGGCGAGG-----GCCGC--------CGCCG-GC

GGCCGCCCCGAAAGG-------GACGA------------CGAGGAACC------------CCCA------

Rat 18S-VTS.S1

Str.VTS1-VTS2

X.L.VTS1-VTS2

640 650 660 670 680 690 700

XXCTXCGXXXCXGACGGCGCCGGCGXXTCCGCCGCX-GCX------GGGGGXG---GXGXCGXXGCCCCG

CTCTCCGGCACTGACGGTGCCGGTGGCTCCGCCGCGTGCGGTGGGGGGGGGTGTGTGTGCCGGTGCCGCG

ACCTTCGAAGCCG--GGCGCGGGCCCATCCGCCGCA-GCA--------------------CGACGCCCCT

------------GACGGCCCCGGCGA--------------------GGGGGCG---GCGGCG--GCCCCG

Rat 18S-VTS.S1

Str.VTS1-VTS2

X.L.VTS1-VTS2

710 720 730 740 750 760 770

GGTXXXCXCGCGCGXCCCGCCGCGXCCXXXXGXGCCTCCGTGXCCGCCXCGGGCCXGXCCGGGTACCTX-

GGTGGGCTCGCGCGCCCCGCCGCGTCCTTCTGGGCCTCCGTGTCCGCCCCGCTCCTGTCCGGGTACCTGC

GG-------GCGCG-CCGGCCG-AACGGAGGGAAACTCGGTGGCCAGCAGGGG---G--AGGGTG-----

GGTCCACCC-CG-GGCCCGCC-CGCCC------GCCTCC----CCGCCGCGGGCCCGCCCGGGTACCTA-

Rat 18S-VTS.S1

Str.VTS1-VTS2

X.L.VTS1-VTS2

780 790 800 810 820 830 840

----GCG---CGGCGCGGGGGTXTC----CCXCGGGGGGX---CCCTXCCGXXCCTGGGG-CGCGGGGGC

TCTCGCGTTCCGGCGCGGAGGTTTCGCGACCCCGGGGGGGTCGCCCTACCGTCCCCGGGGTCGGGGGGGC

----GCG----GACGCGGGGGTCTC----CCTCGACGCGT---CCCTTCCGCACGTGGGG-CGCGGCGAC

----GC----CGGGGCCGGGG---------CGCGGGGG----------------CTGG---CGCGGGAGC

Rat 18S-VTS.S1

Str.VTS1-VTS2

X.L.VTS1-VTS2

850 860 870 880 890 900 910

GGXGCGGCCC-XAGGGACGTCGGGCXTCCXCGGXXG---TTXCCGXTCGCCTCCCGCGXCCGGCGCTCCG

GGTGGGGCCCGTAGGGACGTCGGTCGTCCGCGGGAGGGCTTCCCGGTCCCTCCCCGCGTCCGGCGCTCCC

----CGGCC---AAGGACG--GGGC-----CGGTCG---TTTCCG-TTGTCTCTATCGGTCGGGGGTTCG

GGGGCGGCCC-CAGGGCCGTCCGGCCTCCCCG-----------CGTCCGCCTCCCGCGACC--CGCCCCG

Rat 18S-VTS.S1

Str.VTS1-VTS2

X.L.VTS1-VTS2

920 930 940 950 960 970 980

TGCGGTTCAXXGXCGXACCCCTCCGCCG--GGCGX-TCCCGGGXXGGC-GTXCGGGXGGGXGX-TC-CGG

TCAGACTCAGCGGCGCACCCCTCTGCCGCCGGCGCTTCCCGAGGCGGCGGTTCGGGGGGGCGTGTCGCGA

TGCAGTCCA----TGTATCCCTTC------------TCCCAGG------GTCCGGG--------TC-CGG

GGCGGTTCGAAGAC---CCCGCCCGCCG--GGCGG----CGGGAGGGC----CGGGAGGGAGC----CGG

Rat 18S-VTS.S1

Str.VTS1-VTS2

X.L.VTS1-VTS2

990 1000 1010 1020 1030 1040 1050

GXXCCX---GGGCGCCXGAGGGG----CGGXXCGAGXGCXXGGCXXGXCGCGXXCGXXGGCGGGCCGCXG

GCCCCCTCTGGGCGCCCGAGGGGTTCCCGGCCCGAGCGCCTGGCTTGTCCCGCCCGTTGGCGGGCCGCCG

GTACCT----GGCGCCTCCGGGG----CGGTTCAAAGACTCGTTCGGCCTCGTTCGCCAG-GGGACG---

G--------GAGGG---GAGGGG-----GG---GAG-GC--GGC--------------GGCGAGCC-CGG

Rat 18S-VTS.S1

Str.VTS1-VTS2

X.L.VTS1-VTS2

1060 1070 1080 1090 1100 1110 1120

CCGGGCGCCGGXGXCGCGGGGCCCCGCGTCCCX-GCGTCCCGCGCCXCCGXCXCCGACCCGGX----TTX

CCGGGTGCCGGGTTCGTGGCGTCCCGTGTCCCGTGTGTCCCGCCTTTCCGTCTCCGACCCTGTCTTTTTT

--AGGCNNNGGAG--GCGGGGCTCCGC--CTTA-GCCCCCCGTGCCCTCGGTCGCGA---GG-----TTC

CCGGGCGCCGCCGCCGCAGGACCCC-CGTCCC---CGTCCCGCGCCGCCCCCGCCGGCCCGGG-------

Rat 18S-VTS.S1

Str.VTS1-VTS2

X.L.VTS1-VTS2

80 90 100 110 120 130 140

TGGTTTAGTGA---------GGXCCTCGGATCGGCCCCGCCGGGGTCGGCCCACGGCCC-TGGCGGAGCG

TGGTTTAGTGCCGGAGCGTGAGGTCCTGGATCGGCCCCGCCGGGGTCG--CCACGGCCCCTGGCGGAGCG

TGGTTTAGTGC---------GGTCCTCGGATCGGCCCCGCCGGGGTCGGCC-ACGGCCC-TGGCGGAGCG

TGGTTTAGTGA---------GGCCCTCGGATCGGCCCCGCCGGGGTCGGCCCACGGCCT-TGGCGGAGCCRat 18S-VTS.S1

Str.VTS1-VTS2

X.L.VTS1-VTS2

10 20 30 40 50 60 70

CGGGTCATAAGCTCGCGTTGATTAAGTCCCTGCCCTTTGTACACACCGCCCGTCGCTACTACCGATTGGA

CGGGTCATAAGCTTGCGTTGATTAAGTCCCTGCCCTTTGTACACACCGCCCGTCGCTACTACCGATTGGARat 18S-VTS.S1

Str.VTS1-VTS2

X.L.VTS1-VTS2

CGGGTCATAAGCTCGCGTTGATTAAGTCCCTGCCCTTTGTACACACCGCCCGTCGCTACTACCGATTGGA

CGGGTCATAAGCTCGCGTTGATTAAGTCCCTGCCCTTTGTACACACCGCCCGTCGCTACTACCGATTGGA

Fig. 3. Alignment of the rDNA regions containing 3� end of 18S rDNA, ITS-1, 5.8S rDNA, and ITS-2 from Rattus norvegicus (Rat), Lacerta strigata
(Str.), and Xenopus laevis (X.L.) using “DNA Star” program (Clustal). The identical nucleotide positions are shown in dark gray, pairwise homology in
light gray, and absence of homology in black.
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CONTACT ZONE BETWEEN TWO SUBSPECIES OF THE SAND LIZARD:
Lacerta agilis exigua EICHW., 1831 AND Lacerta agilis chersonensis ANDR., 1832
IN THREE REGIONS OF THE LEFT-BANK UKRAINE

O. I. Zinenko,1 P. L. Drabkin,2 O. M. Rudyk3

Keywords: Lacerta agilis, subspecies, zone of intergradation, Ukraine.

INTRODUCTION

The Left-bank Ukraine is known as a territory, where
contact zone of two subspecies of L. agilis exists (Sukhov,
1928; Sukhov, 1948; Tarashchuk, 1959; Szczerbak, 1966;
Darevsky et al., 1976). But in present time only general or
occasional observations were conducted. General direc-
tion of contact zone spread was suggested as “from Kursk
between Kharkov and Poltava to Dnepropetrovsk” (Su-
khov, 1948), “to the west of the line passing through Vo-
rozhba station (Sumy Oblast’) and Dnepropetrovsk” (Ta-
rashchuk, 1959), “in Sumy and Kursk Oblast’s and in
western parts of Kharkov and Poltava Oblast’s...” (Szczer-
bak, 1966); “Kursk – Dnepropetrovsk – Crimean penin-
sula” (Darevsky et al., 1976). Views of different authors
on its width of transition are different and range from com-
pletely negating its existence (Sukhov, 1948), considering
it comparatively narrow (Bischoff, 1988), to believing it to
be very extended (Darevsky et al., 1976).

Populations of both subspecies with mixed character-
istics exist very close to each other in several locations in
Russia and Ukraine (Sukhov, 1928; Pereleshin, 1928;
Szczerbak, 1966; Darevsky et al., 1976; Gavrilenko,
1970). A hybrid specimen with morphology of L. a. cher-
sonensis but sequence of mitochondrial gene cytochrom b
of L. a. exigua was found to the northeast of Tula (Kalya-
bina-Hauf and Ananjeva, 2004).

Drabkin and Bobylev (1989) investigated about 20
populations in the 200 km section of contact zone in Cen-
tral Ukraine and estimated the width of transition as about
40 – 50 km.

MATERIAL AND METHODS

More than 1000 specimens collected from 100 sites in
a section of the contact zone of two subspecies of the sand

lizard — L. a. exigua and L. a. chersonensis with general
extent approximately 300 km in Kharkov, Poltava, and
Dnepropetrovsk Oblast’s were analyzed by external mor-
phology features (Fig. 2).

In addition, collections of Museum of Nature at Khar-
kov University were analyzed. Control samples of
L. a. chersonensis from sites in the vicinities of Lebedin,
Sumy Oblast’ and in the vicinities Nemishaevo, Kiev Ob-
last’ (70 and 300 km away from the contact zone respec-
tively); L. a. exigua from sites in the vicinities of Slatino,
Kharkov, and Balakleya, Kharkov Oblast’ (20, 40, and
120 km from contact zone, respectively), and also from a
site in Rostov Oblast’, Russia (300 km from the contact
zone) were used.

Subspecies in contact zone are clearly distinguished
by the type of dorsal pattern. L. a. exigua has a pronounced
unbroken occipital line and between 14 and 17 scales
(average 15 – 16) between parietal lines in the middle of
the body (a point determined by dividing the total number
of ventral scales rows by 2). Occipital line in L. a. cherso-
nensis is absent or broken; there are between 8 and 12
scales (average 10 – 11) between parietal lines in the mid-
dle of the body. According to these two signs hybrid in-
dexes (HI) for each specimen were calculated.

HI1 = (L.o.n – L.o.ch)�(L.o.ex – L.o.ch) � 100%,

HI2 = (S.l.p.n – S.l.p.ch)�(S.l.p.ex – S.l.p.ch) � 100%,

where L.o.n is presence of occipital line in investigated speci-
men (0, absent; 1, broken; 2, unbroken and well pronounced);
L.o.ch = 0.23529 is presence of occipital line in L. a. cherso-
nensis (the number determined as the mean for the population
from Nemishaevo, Kiev Oblast’, approximately 300 km
from contact zone); L.o.e = 2 is presence of occipital line in
L. a. exigua; S.l.p.n is number of scales between parietal
lines in the middle of the body in investigated specimen;
S.l.p.ch = 10.231 is number of scales between parietal lines in
the middle of the body in L. a. chersonensis (the number de-
termined as the mean for the population from vicinities of
Kolontaev village, left bank of Merla river, Krasnokutsk dis-
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trict, Kharkov Oblast’, site No. 59); and S.l.p.ex = 15.727 is
number of scales between parietal lines in the middle of the
body in L. a. exigua (the number determined as the mean for
the population from vicinities of Chernoglazovka village, Zo-
lokhov district Kharkov Oblast’, site No. 96).

Population’s hybrid indexes were calculated as the
mean of individual HI of specimens. Correlation between
population hybrid indexes HI1 and HI2 calculated on dif-
ferent signs is high (0.92), so we used the mean. Distri-
bution of HI in control samples L. a. chersonensis and
L. a. exigua is shown in Fig. 1. As we have taken the ex-
treme manifestations of signs as typical for subspecies in
order to include slightly deviated populations in the range,
value HI of “pure” populations of L. a. chersonensis ap-
pears slightly bigger then 0% (most frequently 4.5 – 13%),
and in L. a. exigua slightly smaller than 100% (92 – 97%).

We used 10 – 15 specimens from each site. After in-
vestigation the lizards were released in the place of cap-
ture. In several cases, when the capture success was low or
when we used museum collections, the number of investi-
gated specimens per site was somewhat lower.

RESULTS AND DISCUSSION

On the investigated territory the contact zone is situ-
ated on the Dnepr Lowland, Poltava Plane, and southwest
edge of Middle Russian Height and spreads from south-
west to northeast. L. a. chersonensis is distributed to the
west and northwest from the contact zone, L. a. exigua in-
habits the territory to the east and southeast of the contact
zone.

The contact zone begins from the left bank of the
Dnepr River in the Dnepropetrovsk vicinities (to the south

of Dnepropetrovsk the natural border between subspecies
is the Dnepr) and passes to the north, northeast and east
along the Oril’, the Vorskla and the Kolomak rivers. In the
vicinities of Pokrovka village (Kolomak district, Kharkov
Oblast’) and Alekseevka village (Krasnokutsk district,
Kharkov Oblast’) the contact zone turns to the north,
crosses the watershed of the Kolomak and the Merla rivers
and switches from the left to the right side of the Merla
valley in the area of confluence with the Sukhoi Merchik
river. Then, it goes along the Merla – Vorskla watershed
and further in Russia passes through Borisovka (territory
“Wood on the Vorskla” of natural reserve “Belogor’e,” the
Vorskla river valley) (Fig. 2).

In spite of a complete set of specimens with intermedi-
ate characteristics in the contact zone and absence of evi-
dent barriers between subspecies, the zone is very small
and is not more than 20 – 30 km wide. Abrupt replace of
one subspecies by another takes place within the zone
10 to 15 km wide, in some cases even narrower (sites
Nos. 22 – 25, 33 – 36, 47 – 50, 79 – 80) (Fig. 2).

Variability of external morphology patterns seems to
depend on the level of isolation and migration of speci-
mens from neighboring populations. Distribution of hy-
brid index in populations in contact zone is unimodal, but
its range depends on structure of the site, too. Distribution
of HI on site No. 44, the territory connected with neigh-
boring lizard populations, and on site No. 61, the territory
isolated from other populations for quite a long period (at
least 25 years) by landscapes that make an insurmountable
barrier for lizards is displayed on Fig. 3.

It is generally believed that disjunctions of ranges and
subspecies’ differentiation in Europe have taken place un-
der the influence of great climate changes in Pleistocene.
The total range of species have been divided and isolated
in refugia, where populations diverged and gave birth to
new taxa (Hewitt, 1999). According to Darevsky et al.
(1976) ancestors of L. a. chersonensis survived cold peri-
ods in the Balkan refugium, and L. a. exigua stepped back
to Caucasus. Then, after the warming of climate, lizards
dispersed from these two refugia, met and have created a
wide intergradation zone. But the intergradation zone was
found to be not as wide as it was expected. Small width of
intergradation zone may indicate that it is relatively young
or that there is certain isolation between these subspecies.

An extremely interesting fact is the coincidence of the
contact zone with the orographic (relief) borders. The con-
tact zone in the northern part of Kharkov Oblast’ parallels
the southwestern edge of Middle Russian Height. The con-
tact zone in Poltava and Dnepropetrovsk Oblast’s is asso-
ciated with relief, too. Here the transition from L. a. exigua
to L. a. chersonensis often occurs when absolute altitude
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Fig. 1. Distribution of HI in control extracts of L. a. chersonensis and
L. a. exigua.



decreases from 100 – 130 m in water shed to 70 – 100 m
in the Dnepr, the Oril’, and the Vorskla valleys. This de-
pendence could be the result of ecological differences be-
tween subspecies.

The borders of phenetically similar lizard population
groups coincide with elevations — Middle Russian, Do-
netskii Kryazh, etc. (Baranov, 1982); our data corroborates
the same tendency in the subspecies case. Present recon-
structions of ecosystems that existed during the last glacial
maximum (24 – 12 thousand years ago) show that forest
refugia existed on the East European plane and were asso-
ciated with the same elevations (Markova et al., 2002).
Fossil remnants of Lacerta agilis prove that lizards did not
disappear completely in Eastern Europe during the whole
Pleistocene (Ratnikov, 2002).

In accordance with our hypothesis the presence of the
occipital line in the Eurasian green lizards (Lacerta sensu
stricto) is one of the characteristic features of continental
taxa and its absence is common to the members of Lacerta
sensu stricto comparatively more adapted to humid and
warm climate (Rudyk, in preparation). If their ranges
overlap, taxa with pronounced occipital line can occupy
more dry areas and terrains. It follows from the data pub-
lished for Romania (Fuhn and Mertens, 1959), Greece
(Strijbosch, 2001), Turkey (Schmidtler, 2001), and from
our observations in Ukraine.

Thus, during glacial periods L. a. exigua probably
could survive in small refugia in eminent territories, such
as Central Russian Uplands, and after the postglacial soft-
ening of climate recolonize those territories faster then
L. a. chersonensis. A “softer” L. a. chersonensis was step-
ping back to the territories with a milder climate in the
South and in the West. Spreading of L. a. chersonensis af-
ter warming took place mainly along the valleys of big
rivers and flatlands.

A remarkable corroboration of such hypothesis is the
similar distribution in investigated region several taxa of
amphibians and reptiles, which could be split into two
groups:

1) new colonists from the west — Vipera berus Lin-
naeus, 1758, L. a. chersonensis, Lacerta viridis Laurenti,
1768, western form of Pelobates fuscus Laurenti, 1768
(Borkin et al., 2003);

2) taxa that probably survived in refugia in Eastern
Europe — Vipera nikolskii Vedmederya, Grubant et Ruda-
eva, 1986, L. a. exigua, eastern form of P. fuscus (Borkin
et al., 2003).

The distribution of species of the first group is con-
nected with young and homogenous postglacial land-
scapes, while the second one is connected with older land-
scapes of former refugia.

An interesting fact that supports the hypothesis of

similar colonization history of V. nikolskii and L. a. exigua

in Left-Bank Ukraine is the discovery of L. a. chersonen-

sis – L. a. exigua hybrid population (population HI =

= 15.2%, several specimens are well-pronounced hybrids

with HI up to 37.8%) together with V. nikolskii in the vi-

cinities of Lubny, Poltava Oblast’, 122 km to the west of

contact zone. Also in the vicinities of Lubny specimens

with the sign peculiar to L. a. exigua, namely females
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Fig. 2. The contact zone of L. a. chersonensis and L. a. exigua with col-
lecting sites.



with green back (abber. viridicapitilis, Sukhov, 1928) are
common.
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GEOGRAPHICAL COMPARISON AND BODY SIZE DIFFERENTIATION
IN THE EUROPEAN WHIP SNAKE, Hierophis viridiflavus,
FROM CENTRAL AND SOUTHERN ITALY.

M. A. L. Zuffi,1 S. Fornasiero,1 P. Carlino,1 A. Bonacci,2

C. Corti,3 E. Sperone,2 and S. Tripepi2

Significant geographic differences have been found, using standard head and body parameters, between separated
populations of the European whip snakes from central, continental southern Italy and Sicily. Sexual Size Dimorphism
is very marked. Whip snakes of southern continental Italy and Sicily are shorter than those from central Italy, while
head shape did not differ significantly within the studied populations. All the measured southern snakes were me-
lanic. Data set is congruent with the hypothesis of a subspecific differentiatin of the European whip snake southern
populations.

Keywords: Geographic variation, Italy, Hierophis viridiflavus.

INTRODUCTION

The European Whip snake is the most widespread Ital-
ian colubrid species distributed troughout the country.
This snake is also present in northern Spain, central and
southern France, southern Switzerland, and to the northern
Adtriatic coast of the former Yugoslavia (Heimes, 1993).
The different Italian habitats, that range from the alpine,
trough the continental and to insular ones, along a thou-
sand kilometer transect, may have led to the evolution of
different body shapes patterns (Nagy et al., 2002; Scali et
al., 2002). We have preliminarily studied the overall exter-
nal morphology of the whip snakes from one of the most
important Mediterranean “bottle neck” areas, southern It-
aly and Sicily. The latter have been compared with the
snakes of a population of Tuscany (Central Italy). The aim
of our study was to test if body shapes differences are pres-
ent within the Italian peninsular populations (King, 1989;
Scali et al., 2002; Boback, 2003), due to the particularly
long isolation in the different habitats.

MATERIAL AND METHODS

We studied the overall external morphology (snout to
vent length, SVL, total length, ventral and subcaudal
scales, head shape, dorsal and ventral color) of about 200

adult snakes, longer than 500 mm SVL, from southern
peninsular Italy and Sicily. The latter have been compared
with a population of central Italy (Tuscany) (for details,
see Scali et al., 2002). The examined specimens come
from field studies and herpetological collections. Each
variable has been natural log transformed before analysis,
tested for normality and processed using SPSS version
8.0. Two samples t-test for unpaired samples has been per-
formed to verify the degree of sexual dimorphism on the
separate variables. Analysis of Covariance has been then
performed to asses the influence of different factors (sex,
locality, area) and the covariation of independent variables
on selected dependent variable. Post Hoc tests on Ancova
results have been then performed to determine the actual
contribution to differences among the selected samples.

RESULTS

A marked Sexual Size Dimorphism was evident in all
the considered populations, with males larger than females
(SVLmales = 829.7 ± 172.1, n = 144; SVLfemales = 751 ±
102.6, n = 48; t-test = 3.818, df = 190, P < 0.0001) and
with lower number of VS (VSmales = 201.45 ± 5.89,
n = 130; VSfemales = 214.63 ± 6.56, n = 46; t-test = –12.65,
df = 174, P < 0.0001). Southern Italian males (females
have been excluded due to the small sample size of some
localities) were significantly smaller than those of central
Italy and characterised by a significant lower number of
ventral scales (FSVL = 5.568, P = 0.001, df = 3; FVS =
60.559, P < 0.0001, df = 3) (Fig. 1), they also showed a
melanistic pattern at the adult stage (ANCOVAVS,
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P = 0.0001; factorcolor pattern, P < 0.0001; covariateSVL,
P < 0.0001; Fig. 2). Within the considered southern popu-
lations, we did not find any difference between the
Apulian and the Calabrian populations for both the consid-
ered parameters (Lesser Significant Difference, LSD,
post-hoc test, P > 0.05); while we found that the Sicilian
whip snakes were shorter than those of the other southern
Italian populations (LSD post-hoc tests of Sicily vs. Apu-
lia and Calabria, P = 0.028 and P = 0.003 respectively).
Head shape of whip snakes differs on the whole, but not
significantly between all the considered populations
(ANCOVAhead width = 84.770, P < 0.0001, factorarea =
0.522, P = 0.669; covariatehead length = 322.95, P < 0.0001),
suggesting any geographical effect. Body structure of
southern Whip snakes is then particularly differentiated
with respect to the Tuscan population, with no clear evi-
dence of a geographical cline in body shape or body size.
The body shape differences found (i.e., ventral scales,
melanic pattern) in the southern Italian Whip snakes is in
accordance with previous studies (Scali et al., 2002),
that have hypothesised that the southern Italian popu-
lations may likely belong to a different subspecies
(H. v. xanthurus).

DISCUSSION

The homogeneity of the examined parameters within
the different southern Italian populations suggests that
these populations do not show any significant latitudinal
or longitudinal effect (Scali et al., 2002). The morphologi-

cal differences found could likely be due to the effect of a
long term isolation of these snakes in the southern Italian
glacial refugia, that may likely have led to a differentiation
that could support the attribute of subspecific status. Also
the occurrence of the melanic pattern, shared by all the
southern examined snakes, may reveal a common history
of the differentiation patterns. New open questions for fu-
ture researches are the proximate and ultimate causes of
the evolution of the melanic pattern, the reduction of ven-
tral scales, sexual size dimorphism, and the variability of
the head shape in this species.
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ON THE DISTRIBUTION OF Pelodiscus sinensis (WIEGMANN, 1834)
(TESTUDINES: TRIONYCHIDAE) IN THE RUSSIAN FAR EAST

E. V. Adnagulov1 and I. V. Maslova2

Keywords: Pelodiscus sinensis, Russian Far East, distribution.

INTRODUCTION

For the first time the chinese soft-shell turtle, Pelodis-
cus sinensis (Wiegmann, 1834) in the Amur River basin
was noted after the results of R. Maack’s expeditions
(Maack, 1859, 1861). More detailed data appear after
A. T. Buldovsky’s (1936) and M. V. Okhotina’s (1959)
papers.

In 1970 – 1980s some data on the distribution of tur-
tles in the south of the Far East (Tagirova, 1978, 1981;
Khozatsky and Nesov, 1979) were published. A turtles
population in the Bidzhan River (Middle Amur River
area) was discovered in 1998 (Tarasov et al., 1998; Tara-
sov and Adnagulov, 1999). However the knowledge about
this interesting and declining species is still quite poor.

MATERIAL AND METHODS

Study of soft-shell turtle in the Russian Far East was
conducted in 2001 using the analysis of different publica-
tions, as well as results of the field work in Primorskii and
Khabarovsk Krai’s, and Jewish Autonomous Oblast’
(JAO). The turtle records were documented by activity re-
mains and clutches on beaches. Some information was ob-
tained by questioning of local people.

At present the range Pelodiscus sinensis within the
studied area consists in a few populations, and seems to
have more disruptive pattern as compared to the data of
previous publications.

RESULTS AND DISCUSSION

At least seven populations are known and named after
their geographical localization (Fig. 1).

1. Razdol’naya. Razdol’naya River (South of Pri-
morskii Krai). Perhaps, it is the smallest population of
P. sinensis within Russia. Information on turtles is referred

to the vicinity of Pokrovka (about 100 km upstream of
Razdol’naya River mouth). M. V. Okhotina writes “dead
turtles were met on the Amurskii Bay shores after high
floods in some years” (Okhotina, 1959: 142). According
to some interrogated data, soft-shells are breeding in reser-
voirs in the Chinese part of Razdol’naya River (Chinese
name is Suifung He) (V. A. Kostenko, 2001, personal
communication).

2. Khanka. Lake Khanka and lower parts of some of
its tributaries, Ilistaya, Mel’gunovka, Spasovka, Troits-
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kaya, Tur, and an upper part of the Sungacha River. There
are few locations in Lake Khanka mostly noted as the tur-
tle habitats, Sosnovyi Island, Cape Przheval’sky, Luzano-
va Sopka Peninsula, Lakes Gniloi Ugol, and Trostnikovoe.
This is a well known population described by different au-
thors (Przevalsky, 1870; Emelianov, 1923; Buldovsky,
1936; Okhotina, 1959; Khozatsky and Nesov, 1979; Ban-
nikov, 1984; Darevsky and Orlov, 1988; Cherepanov,
1990; Maslova, 2002; etc.).

3. Upper Ussuri. Upper Ussuri River and some of its
tributaries (Arsen’evka and lower Sungacha River). Ac-
cording interrogated data turtles are met in the Arsen’evka
River about 120 km upstream of its mouth. It is the one of
the mostly poorly studied populations.

4. Middle Ussuri. Turtles inhabit Middle Ussuri
River, as well as lower of its tributaries (Bol’shaya Ussur-
ka and Malinovka Rivers). This population seems be one
of the most endangered and declining due to illegal hunt-
ing by Chinese immigrants (Maslova, 2002).

5. Lower Ussuri. Turtles are met in lower Ussuri
River up to its mouth, lower Bikin River and some small
right tributaries. The first descriptions of P. sinensis (as
Trionyx maackii Brandt) within Amur River basin are re-
ferred to this population (Maack, 1859). Information on
the turtles in lower parts of some rivers (e.g., Khor River)
remains doubtful because those rivers do not present opti-
mum habitats (relatively fast stream, up to 1.5 – 1.8 m�sec
and relatively low maximum temperature, up to +15 –
16°C).

6. Lower Amur. Data on this population includes re-
cords of turtles living in the Amur River basin about
400 km downstream of the Ussuri River mouth. The most
known is the Lake Gassi population (Buldovsky, 1936;
Tagirova, 1979, 1981; etc.). Information on the turtles’ dis-
tribution up to the Amur River mouth is doubtful.

7. Middle Amur. Bidzhan River (a left tributary of
Amur River, JAO). This population was discovered a few
years ago (Tarasov and Adnagulov, 1999; Adnagulov et
al., 2001), but there are references in some earlier publica-
tions (Gorobeiko, 1994). Turtles inhabit the middle and
lower Bidzhan River about 160 km upstream of its mouth.
Perhaps the turtles live in other adjacent rivers and in other
parts of the Russian Far East (Zeya and Bureya Rivers,
Amurskaya Oblast’) that should be confirmed by special
surveys.

Recent P. sinensis distribution depends on two main
factors: suitable climatic conditions and alluvial accumu-
lations. Recent turtles’ populations may be divided into
two groups according their hydrological and geomorpho-
logical features as well as their habitat in plain streams
(Nos. 1, 2, 5, 6, and 7) or semi-mountain (Nos. 3 and 4).

In some plain biotopes (e.g., Bidzhan River) up to 7
habitats were discovered, which are of the most serious
importance for P. sinensis in both aquatic (overwintering,
feeding and migrating) and terrestrial (basking and breed-
ing) life history(Adnagulov et al., 2001).

The number of turtles decreases in many areas due to
illegal hunting of adult animals for sale and clutch destruc-
tion. In some locations the nesting sites (sand and gravel
bars) are destroyed by excavation of ground for construc-
tion industry needs.
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Triturus alpestris inexpectatus: NORMAL DEVELOPMENTAL STAGES
MORPHOLOGY AND TEMPERATURE INFLUENCE

A. Bonacci,1 M. T. Rizzuti,1 and S. Tripepi1

Keywords: Triturus alpestris inexpectatus, embryonic development, temperature influence, newt.

INTRODUCTION

Temperature is one of the most important environmen-
tal variables affecting embryonic development of aquatic
species, as fish, amphibians and aquatic insects (Gillooly
et al., 2002; Bermudes and Ritar, 1999). Temperature ap-
pears to be an important adaptive feature for developmen-
tal rate of most amphibians (Giacoma and Balletto, 1988).
Embryonic development can be successful only within a
thermal preferendum in which developmental rate in-
creases as temperature rises (Duellman and Trueb, 1986;
Brown, 1976). Bachmann’s equation better describes am-
phibian adaptation to temperature (Bachmann, 1969).

Alpine newt (Triturus alpestris, Laurenti 1768) in Ca-
labria is represented by T. alpestris inexpectatus (Dubois
and Breuil, 1983), which is an endemic subspecies placed
in only five sites on the Catena Costiera (Cosenza, Italy) to
altitudes ranging from 800 to 1200 m.

The aim of this work is to describe embryogenesis and
passive larval life and determine thermal preferendum of
T. alpestris inexpectatus development (Tripepi et al., 98;
Bonacci et al., 2001).

MATERIAL AND METHODS

All the adult specimens of T. alpestris inexpectatus
come from the same place: San Benedetto Ullano (Cosen-
za, Italy). After spawning, eggs have been collected and
placed in constant-temperature incubators. Data, drawn
from observations at temperatures of 13 and 25°C, have
been used to determine developmental stages. The rela-
tionship between temperature and development was ob-
tained from experimental temperatures of 13, 20, 25, and
27.5°C. Equation is:

ÄD = Ät(T – T0),

where ÄD is a constant and represents the developmental
progress between two prearranged stages: stage 1, first cleav-
age, and stage 20, closure of neural tube (Bachmann, 1969),
°C � h; Ät is the time interval between the two stages; T is the

developmental temperature, °C; and T0 is the temperature
threshold under which the embryo does not develop.

Finally, a linear relationship between developing rate
and temperature has been observed inverting the Bach-
mann’s equation and a linear regression analysis has been
used to describe this relationship.

RESULTS

Morphology. Based on external morphology criteria,
44 developmental stages have been described using com-
parative tables, drawn by employing bibliographic data
(Gallien and Bidaud, 1959; Harrison, 1969; Hepperlein
and Junginger, 1982). Development has been divided in
three phases: cleavage, gastrulation and organogenesis.
The first phase includes stages from 1 (uncleaved egg) to 9
(late blastula). The second phase includes stages from 10
(beginning of gastrulation) to 13 (late gastrula); the stage
12 shows the formation of yolk plug (Fig. 1A). The third
phase consists of neurula, from stage 14 (early neurula) to
stage 23 (completed neurula), tailbud, from 24 to 30, and
organogenesis, which includes stages from 31 to 44. Fig-
ure 1B and C show the formation of neural plate (stage 15)
and the appositions of the neural folds in the spinal cord
region (stage 17). Figure 1D shows the complete forma-
tion of neural tube (stage 20). In Fig. 1E (stage 26) the em-
bryo is still bent on itself and the gill buds and the optic
capsules are visible. In the stage 29 (Fig. 1F) the trunk and
the tailbud go on stretching while a slight pigmentation be-
gins to appear on the embryo dorsal region. In the stage 42
(Fig. 1G) larval pigmentation is more extensive, the gills
are longer and the bifurcation of fingers is evident.
Figure 1H shows the stage 44, in which the fourth finger
bud appears and balancers have disappeared. At this stage
yolk is consumed and the larva goes from passive to active
life.

Temperature influence. Through this study it has
been possible to find the time interval, expressed in hours,
from stage 1, uncleaved egg, to stage 44, four fingers
larva, at 13 and 25°C. At 13°C, the time needed is equal to
1901 h and 46 min; at 25°C, the time of development is
equal to 475 h and 45 min. As it is shown in Fig. 2A, our
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results reveal that different phases have different periods,
even if the general trend is the same for all. In addition, it
is noted that the early two development phases are faster
than the organogenesis. Introducing experimental values
in Bachmann’s equation (Bachmann, 1969), it can allow
us to calculate the value of the specific species constant
ÄD (developmental rate), which results equal to
900.85 (°C � h). The temperature-threshold, T0, is equal to
8.49°C. Being the developmental rate R the reciprocal of
the time interval Ät, there is a linear relationship between
developmental rate and temperature T:

R
t

T T

D
� �

�1 0

� �
.

This relation is the equation of a straight line on the
temperature-developmental rate plane (Fig. 2B). It is char-
acterized by the temperature-threshold, T0, which corre-
sponds to the intercept of the rate-temperature line with
temperature axis, and by 1�ÄD which represents the line
angular factor. The optimum development temperature,
T0 + 10, is 18.49°C. The statistical reliability has been
checked by a linear regression analysis (r, correlation fac-
tor = 0, 99). In addition, Bachmann equation can be shown
as a hyperbolic relationship between temperature and de-
velopment time (Fig. 2C): the development time decreases
as temperature increases.

DISCUSSION

From a morphological point of view the only differ-
ence in embryonic development of T. alpestris inexpecta-
tus compared to T. carnifex (Bonacci et al., 2001), T. ita-
licus (Tripepi et al, 1998) and T. alpestris alpestris (Epper-
lein and Junginger, 1982) is a variation in number of
stages, which strongly depends on the observation criteria
adopted by researcher.

A tight relation between the embryonic developmental
pattern of Urodeles (and Amphibians in general) and envi-
ronmental temperature has been confirmed in our studies.
Temperature variations do not seem to affect the general
developmental pattern and the relationships among the
different stages of development, but simply reduce or ac-
celerate developmental time.

Comparing developmental duration and related pa-
rameters (ÄD, T0, and T0 + 10 values) of T. alpestris inex-
pectatus with those of other newts living in Calabria
(T. italicus and T. carnifex) we have observed evident dif-
ferences (Table 1).

The minor temperature-threshold found in T. alpestris
inexpectatus and T. carnifex is determined by a spreading
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Fig. 1. Schematic drawing of developmental stages of Triturus alpestris
inexpectatus. A, stage 12; B, stage 15; C, stage 17; D, stage 20; E, stage
26; F, stage 29; G, stage 42; H, stage 44.



of these species to higher altitudes if compared to T. itali-
cus. This last species often lives in syntopy with T. alpes-
tris inexpectatus but a high population density was found
at a low altitude (Tripepi et al., 1998). Their differences in
ÄD value are given by their different ecological features.
According to Bachmann’s theory, a warm-adapted species
as T. italicus develops faster in a more variable reproduc-

tive environment, such as tanks or pools whose drainage is
very fast. T. alpestris inexpectatus prefers a bigger and
stable environment situated at higher altitudes such as
mountain ponds which are unlikely to drain during summer.
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C, hyperbolic relationship between temperature and time of develop-
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TABLE 1. Comparison of the Developmental Temperature-Related Pa-
rameters in the Calabrian Newts

Species ÄD, °C � h T0, °C T0 + 10, °C Source of data

Triturus alpestris
inexpectatus

900.85 8.49 18.49 Present paper

Triturus italicus 670.06 10.4 20.4 Tripepi et al.,
1998

Triturus carnifex 1100 8.2 18.2 Bonacci et al.,
2001



CONSERVATION OF RESOURCES OF REPTILES
IN ASTRAKHAN’ OBLAST’ (RUSSIA).
ASTRAKHAN’ OBLAST’ REPTILIAN RESOURCES CONSERVATION
(EXPERIENCE OF REGIONAL REALIZATION)

A. T. Bozhansky1

Keywords: Conservation, Reptilian resources, Astrakhan’ Oblast’.

Reptiles is a group of the vertebrate animals which can
be used as a perfect sensitive indicator of environment
state. Astrakhan’ Oblast’ is the unique region of the south-
eastern European Russia. The territory’s physiographic
characteristics determine high variety of reptilian habitats
and fauna. The region is situated at the border of several
zoogeographic provinces: Kazakhstan deserts of the north-
ern type adjoin the European arid steppes and worm-
wood-gramineous semideserts, true feather-grasses and
gramineous steppes alternate the poplar and gallery forests
along the Volga delta branches and spot oak woods of Vol-
ga – Akhtuba rivers country. Areas of the salt-domic relief
of the Baskunchak Lake and the Bol’shoi Bogdo mountain
outskirts play a significant role for habitat preferences of
reptiles. It is important that State Bogdo-Baskunchak Na-
ture Reserve is functioning within this area. A distinctive
feature of the region is that almost all of its territory lies in
the Caspian lowland (on average 30 – 40 m below the sea
level) with Bol’shoi Bogdo mount dominating over this
lowland at 135 m.

Astrakhan’ Oblast’ is strongly transformed by human
activity. Agricultural holdings (melon plantation and pas-
tures) occupy more than 70% of the territory. In addition,
the transport network is dense in the region because the
branchy inland water routes are easily available even to
the remote places. Finally oil, gas and chemical industry as
Aksarai gaseous condensate complex and Tengiz – Novo-
rossiisk oil-pipe line (the largest in Europe) are function-
ing there.

The variety of landscapes and the southern location of
Astrakhan’ Oblast’ determine the herpetofauna diversity
and its representatives’ abundance. There are 17 species of
reptiles in the region. Tortoises are represented by single
species (Emys orbicularis). One species of geckos (Also-
phylax pipiens) lives here, in its type locality. Other lizards
are represented by the following species Eremias velox,

Eremias arguta, Lacerta agilis, Phrynocephalus mysta-
ceus, Phr. guttata, Phr. helioscopus. Snake fauna of the re-
gion is also quite diverse: Eryx miliaris, Natrix natrix,
N. tessellata, Elaphe sauromates, Elaphe dione, Coluber
caspius, Malpolon monspessulanus, Vipera renardi.

Unique characters of Astrakhan’ Oblast’ having high
reptile species diversity, ecotope variety and originality as
well as very strong economic developing make the prob-
lem of conservation of Astrakhan’ Oblast’ herpetocom-
plexes especially actual and urgent. Obviously, the con-
serving and maintaining the sustainable existing of reptiles
need elaboration of coordinated actions which realization
is possible within the framework of a regional program.

The particularized regional program on reptilian re-
sources conservation has been realized by us in 1991 –
1996 and included three stages.

The first stage means the fauna inventory all over the
region for survey of the species diversity. During this work
records of all species are registered and cadastral maps are
charted. This stage of the regional program resulted in the
model of reptile atlas (Bozhansky and Nikerov, 1993) and
in cadastral evaluation of reptilian resources (Astrakhan’
Oblast’Fauna Cadastre, VNIIpriroda, 1992 [in Russian]).
Data acquired in this stage allow to estimate reptile num-
bers for annotated list of rare and endangered species
(Bozhansky and Poluinova, 1998).

The second stage of the program represents the elabo-
ration of zoning of the territory on the basis of the data on
reptilian fauna and density. We have zoned only sand-
desert sections of the region, steppe and flood-land eco-
topes have not been covered (see Table 1). It resulted in al-
location of richest ecotopes both in the number of individ-
uals and species diversity. We have noted the Berly sands
section, where sand deserts border upon arid steppes, and
both desert and steppe species are present. The desert spe-
cies are the following: Eremias velox, Phrynocephalus
guttata, Phrynocephalus mystaceus; intrazonal species:
Eremias arguta; steppe species: Vipera renardi, Elaphe
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dione, Lacerta agilis. Those places show very high num-

bers of reptiles.

Except Berly sands of great importance for reptilian

diversity conservation are the sands around Malyi Aral

settlement and small steppe ponds in Balkhuni settlement

outskirts in Akhtubinskii Raion where mass accumula-

tions of Bufo viridis and Pelobates fuscus toccur as they

mate and spawn there. In second stage of the program the
high variety and originality of Bogdo-Baskunchak reserve
ecotopes was refined (Bozhansky and Polynova, 1997).

It would be expedient to complete the second stage
with elaboration of documents for particularized regional
reserves’ projection. So, according to our investigations
the Berly Sands reserve was founded in 1998, situated in
Kharabali Raion (500 hectares). The Malyi Aral herpeto-
logical reserve is under development now. Preproject sur-
veys for complex zoological reserve near Balkhuni settle-
ment were also carried out.

The third stage of the program is concerned with the
development of special measures for the territorial protec-
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TABLE 1. Reptile Populations of Desert and Semidesert Landscapes in Astrakhan’ Oblast’ (in specimens/ha)

Species
Landscapes (see Fig. 1)

1 2 2(1) 2(2) 2(3) 3 3(1) 3(2) 4

Eremias arguta 0.77 28.5 16.2 53.1 18.9 56.3 45.5 16.9 68.3

Eremias velox — 0.33 — 7.5 16.2 0.7 4.9 3.2 1.6

Lacerta agilis 43.5 + 5.5 — 5.7 — 6.7 — +

Phrynocephalus guttata — — — 0.5 — 3.7 3.7 0.95 0.5

Phrynocephalus helioscopus — — 1.1 2.6 — + — — —

Phrynocephalus mystaceus — — — 1.25 — 11.1 — + —

Eryx miliaris — — — + — 0.33 + 0.03 —

Elaphe dione + + 0.56 + 0.3 0.63 + + +

Elaphe sauromates + — + — — + — — 0.33

Coluber caspius — — — — + + + 0.97 0.81

Natrix natrix — — — — — — — — 1.44

Vipera renardi 0.66 + 1.93 — + 1.0 2.4 + +

Alsophylax pipiens — — — — — — — — 4.0

Note. —, give a definition; +, give a definition.
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Fig. 1. Landscape and herpetology areas of Astrakhan’ Oblast’: 1, clay
semidesert; 2(1), Sand-clay desert on the left bank of the Akhtuba river;
2(2), sand and sand-clay desert areas; 2(3), sand-clay desert on the right
bank of the Volga river; 3(1), Volga-Ural sand desert; 3(2), Volga sand
desert; 4, Bogdo-Baskunchak area; 5, flood-lands country between river
Volga and Akhtuba; 6, delta; 7, Podstepnye Il’meni.
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tion of individual species and reptile communities, and
also with the improvement of legislative acts and by-laws
supporting these measures. They are: regional Red Data
Book regulations, annotated lists of rare species, “For Re-
gional Herpetological Reserves” standard regulations,
standard passport of a regional herpetological reserve. At
present these standards have been already worked out and
are being considered by regional administration.

Thus, the regional program of reptilian diversity con-
servation foresees:

— intraspecific level of conservation — keeping a
certain diversity inside a species;

— biocenosis level — conservation actions for pre-
venting population declining and preserving the territories
richest in reptile diversity;

— landscape — preserving the places richest in rep-
tile ecotopes diversity.

See Table 1 and Fig. 2 for formalized layout of the re-
gional reptile conservation program.
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CONFLICTS BETWEEN URBAN GROWTH AND SPECIES PROTECTION:
CAN MIDWIFE TOADS (Alytes obstetricans) RESIST THE PRESSURE?

M. J. Castro,1 J. M. Oliveira,2,3 and A. Tari3,4

Urban areas are expanding on a global scale. Thus, conflicts between species protection and urban growth are increas-
ingly common. Biodiversity conservation is traditionally associated with pristine habitats. Nevertheless, urban areas
may show high levels of species diversity, particularly regarding herpetofauna, which should deserve especial atten-
tion. In the city of Coimbra (Portugal) occurs a population of midwife toads (Alytes obstetricans) restricted to the sur-
rounding area of the football field in Santa Cruz Park. This Park became engulfed in the urban area, therefore origi-
nating an isolated population of midwife toads. These amphibians are threatened by habitat destruction due to con-
struction works that will take place in the football field. Species conservation efforts may be especially rewarded in
the particular case of the amphibians because certain populations, such as this particular population of midwife toads,
may require simple protection measures. Our 2.5 year study on this population shows that midwife toads’ habitat re-
quirements are: permanent waterbody, accessibility of refuge areas and vegetation to ensure prey availability. Accord-
ing to these data, midwife toads’ protection and urban development seem compatible. Our study indicates that mid-
wife toads may resist urban growth pressure if: 1) habitat requirements are carefully studied to ensure population sur-
vival; 2) protection measures are designed in accordance to habitat requirements and urban development; 3) interdis-
ciplinary cooperation is promoted among conservation biology, architecture, landscape architecture, engineering;
4) discussion occurs among key actors. Achievement of these principles in urban areas provides, beside conservation
purposes, benefits for local people including recreational and wildlife oriented activities and environmental
education.

Keywords: conservation, biodiversity, urban ecology, Alytes obstetricans, urban growth, amphibians.

INTRODUCTION

Urban areas are increasingly becoming larger. It is ex-
pected that in 2007 about 50% of human population will
live in urban areas (UNPD DESA, 2002). The expansion
of global geographic area of urbanized areas will lead to
increased conflicts between land development and biodi-
versity conservation (Balmford et al., 2001). In spite of the
traditional association of nature conservation to pristine
habitats, urban areas may present important levels of
biodiversity. For example, in only two parks in the city of
Coimbra (Portugal), up to 9 species of amphibians may be
found (representing 53% of Portuguese amphibians) (per-
sonal observations). For groups like amphibians and
reptiles, a positive correlation between human population
density and species richness has been recorded (Araújo,
2003). Thus, biodiversity of urban areas should be consid-
ered, especially regarding herpetofauna and mostly if we
consider urban areas located within the biodiversity hot-

spots, such as the southern part of Portugal (Myers et al.,
2000). Moreover, it may be possible to harmonize species
protection and urban development (Beatley, 1994).

In Coimbra, an isolated population of midwife toads
(Alytes obstetricans) occurs around a football field in a
city park (Castro and Oliveira, 2002). Midwife toads are
present only surrounding the football field and not else-
where in the park. In 2001, this population became threat-
ened by construction works. Therefore, a conservation
plan had to be undertaken to harmonize urban growth and
midwife toads’ survival. This plan coincides with “The
Alytes Project — study and conservation of an endangered
population of midwife toads Alytes obstetricans” (Castro
and Oliveira, 2002; Oliveira and Castro 2002a, 2002b).

THE PLAN

Conservation plan consists of the following phases:
(1) Before construction works: a) study of the species and
its habitat requirements; b) creation of temporary housing
for toads (protected from works impact); c) translocation
of population to temporary housing and d) definition of
architectural friendly adaptations for construction works;
(2) During works: a) monitoring of translocated popula-
tion and b) ecological restoration of the football field area;
(3) After works: population re-translocation to original
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habitat. All phases include actions to raise environmental
awareness: edition of publicizing material and discussion
groups with key actors. According to this conservation
plan, midwife toads’ protection and urban development
seem compatible. We propose the following four items
framework as an approach to deal with emergent conflicts
between urban growth and species protection:

1. Habitat requirements carefully studied to en-
sure population survival. First step to conserving any
species or population is to know their ecology (Jones,
2002). Our 2.5 year study of weekly field work (compris-
ing environmental parameters, population dynamics and
reproductive biology) shows that midwife toads’ habitat
requirements are: permanent water body, accessibility of

refugia and vegetation. Midwife toads use a water line sur-
rounding the football field to breed (Fig. 1) and tadpoles
are present all over the year (Fig. 2). Refuges (and terres-
trial habitat) of toads are located around the football field,
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Fig. 1. Location of main water sources and main surface hydrological flux system used by midwife toads Alytes obstetricans to breed in the football
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Fig. 2. Number of tadpoles of Alytes obstetricans present (April 2001 –
April 2002) in the water line surrounding the football field of Santa Cruz
Park, Coimbra.
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Fig. 3. Main refuge areas (and terrestrial habitat) of midwife toads Alytes obstetricans in the football field of Santa Cruz Park, Coimbra.



in crevices in stony walls and benches (Fig. 3). Vegetation
areas surrounding the football field (Fig. 4) are essential
for maintaining invertebrate population, thus ensuring
prey availability.

2. Protection measures designed in accordance
with habitat requirements and urban development.
The following protection measures to preserve and restore
the ecosystem were defined according to habitat requisites
for this population and the construction project: 2.1. Eco-
system preservation: 2.1.1. Terrestrial habitat: refuges pre-
servation to assure connectivity among different micro-
habitats and toads’ mobility through feeding, breeding and
refugia. 2.1.2. Aquatic habitat: maintenance of water with
adequate bio-physicochemical parameters. 2.2. Ecosystem
restoration: 2.2.1. Terrestrial habitat: vegetation and refu-

gia will be created (Figs. 5 and 6). 2.2.2. Aquatic habitat: a
new water line and superficial water collector will be pro-
vided. A linkage of the water springs to the water line must
be assured. The water line proposed should be opened,
with low water loss and speed, with trapezoidal cross-sec-
tion (30 � 10 cm); margins should have slope less than
45°, made of non-slippery material.

3. Interdisciplinary cooperation promotion among
intervening subjects. Making species protection and ur-
ban development compatible will only be possible with in-
terdisciplinary cooperation and different backgrounds’
knowledge integration (Weddel, 2002). Only through co-
operation may the protection measures be properly
defined (gathering conservation biology, architecture and
landscape architecture) and practical solutions imple-
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Fig. 4. Main vegetation areas of midwife toads Alytes obstetricans in the football field of Santa Cruz Park, Coimbra.
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mented (gathering architecture, civil engineering and

workers).

4. Discussion among key actors. Harmonizing spe-

cies protection and urban development implies the concili-

ation of different, sometimes opposing, interests (Beatley,

1994). This particular case of midwife toads protection

and urban development gathers conservationist (environ-

mentalists and some locals), political (City Hall) and utili-

tarian (Associação Académica de Coimbra — landowner)

points of view. Fulfillment of the whole conservation strat-

egy relies on continuous discussions among the key actors

involved, capable of leading to resolution of emergent

conflicts and to the definition of practical solutions. The

capacity to achieve solutions through discussions may be

the driving force to overtake the drawbacks we face, in-

cluding unnecessary conflicts between conservation and

political issues, lack of cooperation by some key actors

and ignorance with respect to nature conservation issues.
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THE EFFECTS OF DENSITY ON MORTALITY AND DEVELOPMENT
OF THE Bufo bufo EGGS AND TADPOLES

E. Dmitrieva1

Keywords: amphibians, toad, embryogenesis, egg density, mortality, tadpole, Bufo bufo.

INTRODUCTION

Some authors who studied the tadpole effect of density
in different amphibian species have shown that the excret-
ing of substances produced by tadpoles into the water de-
lays tadpole’s growth and development (Brockelman,
1969; Pjastolova and Ivanova, 1981; Rous and Rous,
1964; Schvarts et al., 1976). Other authors supposed that
the effect of density is based on the behavioral mecha-
nisms (Wassersug, 1974). The high density inhibits
growth of tadpoles (Brockelman, 1969; Brady and Grif-
fiths, 2000, Pjastolova and Ivanova, 1981; Reading and
Clarke, 1999; Rous and Rous, 1964; Schvarts et al., 1976;
Wassersug, 1974). Tadpoles developing under the high
density will be smaller at the metamorphosis stage than the
“low density” tadpoles (Brockelman, 1969; Brady and
Griffiths, 2000; Rous and Rous, 1964; Schvarts et al.,
1976). It was shown also that common toad tadpole mor-
tality may be density-dependent (Brady and Griffiths,
2000; Reading and Clarke, 1999).

It is known that density at the tadpole stages influ-
ences not only metamorphosis and post- metamorphosis

stages of amphibians’ development, but their pubescence
as well (Pjastolova and Ivanova, 1981), i.e., “the effect of
memory” of developmental conditions was noted. Some
authors suppose that we can observe indirect effects of
density inhibiting the growth rate and elongating the pe-
riod of larval development (Rous and Rous, 1964) rather
than direct effects of density on the survival of tadpoles.

Unfortunately, information on the influence of am-
phibian egg density on the developmental and growth rate
is not sufficient. Therefore, the purpose of this work was
to study the influence of egg density on the mortality and
development of embryos and on the growth and develop-
ment of tadpoles in the common toad (Bufo bufo).

MATERIAL AND METHODS

The pairs of common toad (Bufo bufo) were collected
during mass oviposition in May 2002. The parents were
placed into separate aquariums for spawning. Right after
the termination of spawning two egg clutches were used in
the following experiments:

Experiment 1. The parts of the clutches of the first
pair were placed into the identical aquariums (diameter of
a bottom was 75 mm, and height of a water column was
30 mm, 0.133 liter of water per aquarium) with different
egg density. The initial egg densities were 30, 60, 120,
240, 480, and 960 eggs per aquarium (Fig. 1).

Experiment 2. Other parts of the same clutches were
placed into the similar aquariums, 480 and 120 eggs per
aquarium. All dead eggs had been removed from aquari-
ums with the help of surgical tools and pipettes. These ma-
nipulations were carried out daily at the same time.

Experiment 3. Eggs from the clutches of the second
pair were placed into the 90 identical aquariums (diameter
of a bottom was 30 mm, and height of a water column was
30 mm, about of 0.02 liter of water), 1 egg per aquarium.
In addition, 480 eggs from the same clutch were placed
into the aquarium with 0.265 liter of water.
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In the 30 aquariums with singly reared embryos (SRE)
a half of water was replaced with the same volume of wa-
ter taken from the aquarium with 480 eggs. Water was re-
placed every 8 h (“Test”).

In the other 30 aquariums with SRE water was mixed
thoroughly every 8 h without any replacement (“Control
1”). The rest part of SRE (30 aquariums) developed with-
out any special influence until the hatching (“Control 2”).

In all these experiments the numbers of dead eggs
were counted, and also the developmental stage of each
embryo had been estimated (Caubar and Gipouloux,
1956). “Development rate index” was introduced for the
estimation of developmental rate of egg group. For each
egg group this index was calculated by the formula:

X t
M t

K i n i t
i

J

( )
( )

[ ( ) ( , )],�
�

	
1

1

where X(t) is the development rate index of egg group at the
time t, M(t) is the number of survive eggs in the group at the
time t, J is the number of developmental stage, n(i, t) is the
number of embryos at the developmental stage i at the time t;
K(i), the correction coefficient for each developmental stage
(for example, cleavage, 0, gastrula, 1, and so one to hatching,
6). t-Test for independent samples (Statistica 6.0 for
Windows) has been used for the comparison of mortality and
development rate indexes in the different egg groups (the
95% confidence intervals).

Experiment 4. This experiment was performed on
tadpoles. The Tadpoles hatched in the experiments 1 and 3
were placed into the same aquariums (height of a water
column was 60 mm) with 0.265 liters of water (2 and 5
tadpoles per aquarium). Other conditions of tadpoles rear-
ing were identical. The experiment was finished on the
25th day of development, after the formation of “trowel-
form” hind-legs (developmental stage, IV7(3)). At the end
of experiment the L, Lh, and La were measured for each
tadpole (Fig. 2). t-Test for independent samples was used
for the comparison of tadpole groups.

The temperature of water in all experiments was
17.6 ± 0.3°C.

RESULTS AND DISCUSSION

The main result of experiment 1: the maximum per-
centage of surviving embryos was observed at the densi-
ties of 30 and 120 eggs per aquarium (Fig. 3). An increase
of mortality rate was observed at the densities higher than
120 eggs per aquarium. This effect also appeared at the in-
termediate density (60 eggs per aquarium). The mass mor-
tality of eggs began at the highest density (480 and 960
eggs) since earlier stages of embryogenesis than at low
densities. The development rate was highest at the densi-
ties less than the 240 eggs per aquarium (Fig. 4). The inhi-
bition of development (development was stopped at the
gastrula stage) was observed at the highest density (960
eggs).

The correlation between the survival of embryos and
initial density in the experiments with removing of dead
eggs is shown in Fig. 5. The mortality at the density of 480
eggs was higher than at the density of 120 eggs. The rate
of development at the density 480 was lower than at the
120 eggs. These results are similar to the results of the ex-
periment 1 (without removing of dead eggs). Therefore, an
influence of manipulations associated with the removing
of dead eggs levels expected positive effect of the absence
of dead embryos and leads to the increase of death rate and
slight delay of development.

In the experiment 3 (development of single eggs) the
maximum mortality was observed in the Test (16.67%),
and the minimum mortality in the Control 2 (3.34%).
Thus, the best conditions were in the aquariums with eggs
developed without any influence. Water mixing without
replacement produced more unfavorable conditions. The
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worst conditions were observed in the experiments with
water replacement. These experimental treatments caused
no appreciable effect on the development rates. The devel-
opment rates of single eggs were higher, than in the clutch
(480 eggs per aquarium). The hatching of single eggs
came much quicker, than in the clutch. The high synchro-
nization of developmental rate of single eggs was ob-
served.

Tadpoles, reared at a density of 2 tadpoles per aquar-
ium, differed significantly (p < 0.05) from the tadpoles,
reared at a density of 5 (experiment 4). The means of Lh
significantly differed in all cases and the same tendency
was observed for La and L. The tadpoles from density 2
had longer body than tadpoles from density 5 (Table 1).
Density had no influence on the developmental rate of tad-
poles. Essential distinctions in tadpole mortality were not
observed also.

“The effect of memory” of embryonic development
was observed at the high density of tadpoles as an effect of

the initial density of eggs (Table 1). The tadpoles reared
under the different initial egg density significantly
(p < 0.05) differ by mean values of La. This tendency was
observed for Lh and L as well, but distinctions were not al-
ways significant because of small number of animals.

The tadpoles reared under the egg density 30 were sig-
nificantly larger compared with tadpoles under egg den-
sity 120 (Table 1). Tadpoles developed from the SRE Test
and the SRE Control 2 differed significantly (p < 0.05)
(Table 1). The best way to show this result is the compari-
son of La means. The tadpoles under the Test had a larger
La, than the tadpoles under the Control 2 (Table 1). This
tendency was observed for Lh and L as well, but the dis-
tinctions were not always significant because of small
sampling size. These differences occurs at the low (2 tad-
poles) and at the high (5 tadpoles) density. Thus, “the ef-
fect of memory” of embryonic development was observed,
the tadpoles passed embryogenesis without any special in-
fluences were larger than the tadpoles that developed from
the eggs reared under the water replacement.

Thus, dependence of mortality and developmental rate
from the egg density has a non-monotone segment. At the
density of 120 eggs the survival and the developmental
rate appeared to be much higher than one could expect,
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TABLE 1. Measured Characteristics of Tadpoles at Different Density

Initial density
of eggs

Density of tadpoles

L Lh La

2 5 2 5 2 5

120 13.37 ± 0.55* 11.66 ± 0.30* 12.94 ± 0.54* 11.24 ± 0.29* 5.89 ± 0.23* 5.37 ± 0.13*

30 13.91 ± 0.10* 12.13 ± 0.16* 13.46 ± 0.10* 11.72 ± 0.16* 6.23 ± 0.06* 5.69 ± 0.09*

SRE Test 13.91 ± 0.18 13.33 ± 0.22 13.46 ± 0.17* 12.84 ± 0.21* 6.31 ± 0.09 6.17 ± 0.11

SRE Control 2 13.55 ± 0.31 12.75 ± 0.12 13.14 ± 0.30* 12.32 ± 0.12* 5.86 ± 0.12 5.71 ± 0.05

SRE, the singly reared embryos from experiment 3.
*, indicates that the distinction is significant at p < 0.05.



and were similar to the survival and developmental rate of
animals at a low density (30 eggs). By contrast, at a den-
sity of 60 eggs the survival appeared to be lower than ex-
pected. This effect was described for the first time. In the
experiments with eggs, the inhibition of development was
observed and mass mortality began since the earliest
stages of embryogenesis at the highest egg density. The
tadpoles under the high initial egg density were smaller
than the tadpoles under the low initial egg density. How-
ever, the density had no effect on the developmental rate of
tadpoles, which is consistent with the data of other authors
(Brady and Griffiths, 20001).
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THE AMPHIBIAN DECLINE IN NORWAY – REASONS AND REMEDY
(CASE: ACIDIC PRECIPITATION)

D. Dolmen1

Earlier studies indicate, but do not prove, that amphibian declines in Scandinavia in part are due to anthropoge-
nic acidification. For instance, amphibians are very rare in the acidified region of Southern Norway. In this study, a
total of 58 lakelets (pH range: <4.4 – 6.9; mean ± S.D.: 5.0 ± 0.5) were investigated in 1996 and 1997. Only a very
few amphibian sites were registered. In early springs 1998 – 2001, liming was then carried out in 4 of the lakelets that
lacked amphibians, but lay within reasonable migration distance. They were all strongly acidified before liming (pH
in spring 1997: 4.7 ± 0.1). The pH values rose (1998: 5.1 ± 0.2, 1999: 5.5 ± 0.8, 2000: 6.1 ± 0.4, and 2001: 6.5 ± 0.6).
All four years, amphibians of all three species for the region (Rana temporaria, Bufo bufo, Triturus vulgaris) started
to show up, and two of them were spawning in increasing numbers. Conclusions: Acidification is the main reason for
an amphibian decline in Southern Norway — and liming of lakes is a remedy.

Keywords: amphibian decline, Rana temporaria, Bufo bufo, Triturus vulgaris, acidification, liming, Norway.

INTRODUCTION

Declining amphibian populations have been observed
world-wide in recent decades (e.g., Phillips, 1990; Houla-
han et al., 2000). This is also the case in Scandinavia. Dol-
men et al. (2004) indicated that acidification due to long-
transported pollution has caused the regional extinction of
amphibians over an area of several hundred km2 of South-
ern Norway, as it has of fish (cf. Rodhe et al., 1995;
Hesthagen et al., 1999).

Unfortunately, the distribution of amphibians was not
studied prior to the anthropogenic acidification, and it may
still be questioned whether the almost total absence of
amphibians from large parts of Southern Norway is really
due to the acidification or to more subtle environmental
factors.

If acidification is the main culprit, we can predict that
a) liming ponds and lakes (which raises the pH level) will
improve the reproductive success where it is poor today,
and b) within migrating distance from amphibian refugia
(ponds and lakes with better water quality), liming will
lead to the (re-)establishment of amphibians at the site. A
project on amphibian distribution and liming of acidified
lakes therefore began in 1996.

METHODS

A total of 58 bog lakelets (small lakes) and pools in
Tovdalen, a valley in the acidified region of Southern Nor-
way, were investigated for amphibians. Only a few am-

phibian refugia were discovered, and these had popula-
tions of Rana temporaria L., 1758, Bufo bufo (L., 1758),
and�or Triturus vulgaris (L., 1758). Four of the many
acidified lakelets were chosen for the liming experiment
(Ogge B, Ogge D, Øynaheia A, and Bås D). They all
lacked amphibians, or amphibian reproduction had failed,
but were within a reasonable migrating distance from a
breeding locality, i.e., 100 – 1500 m away. None had fish.
Another two lakelets (Ogge A and Bås C) were chosen as
reference localities, but they will not be considered much
here.

During 1996 (June, July, September) and 1997 (May,
June, August), the lakelets were thoroughly examined us-
ing two methods: a) z-sweep sampling with a net in the
water at ten potentially suitable amphibian sites near the
shore (Dolmen, 1991), and b) observations from the shore

using polarizing spectacles and spending 
1 h at each lo-
cality; the number of individuals observed was added to
the number taken during the sampling. Any amphibians
caught were then released. Egg clumps of R. temporaria
were always counted in early May. Only the number of
tadpoles (0+) counted in June are considered, i.e., those
which had survived the first few weeks of life. [Adults and
juveniles (>0+) are not considered or quantified here.] For
T. vulgaris, the highest counts of adults or larvae on one
day have been used, regardless of the month.

Lime was spread on the ice in winter or early spring in
1998 – 2001. About 25 – 400 kg of powdered limestone
(85% CaCO3) were used at each locality, most at the larger
ones, and successively more each year. New investigations
were carried out in May, June, and September.
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RESULTS AND DISCUSSION

Before liming, in 1996 and 1997, the lowest pH values
were normally recorded in May and September. After lim-
ing, May usually had the highest pH; after which the val-
ues fell. On average (mean ± S.D.), after liming, the val-
ues in the limed lakelets in May rose from 4.7 ± 0.1 (in
1997) to 5.1 ± 0.2 (1998), 5.5 ± 0.8 (1999), 6.1 ± 0.4
(2000), and 6.5 ± 0.6 (2001) (Fig. 1). The highest value
(pH 7.0) was obtained at Øynaheia A in 2000 and 2001.

Where the liming brought the pH up to 5.0 or more for
some periods, R. temporaria began successful breeding in
the first or second year of liming (Fig. 2). The increase in
the number of egg clumps (1998 – 1999) was statistically
significant (P < 0.001 – 0.01; ÷2 test) at Ogge B, Ogge D
and Bås D. Juvenile (>0+) and adult R. temporaria were
also often seen from 1998 and 1999, especially at Ogge D
(not shown in Fig. 2). In addition, T. vulgaris was ob-
served for the first time in two of the lakelets; breeding
was recorded in 2000 in one of them, and in a third in 2000
and 2001. No further increase of R. temporaria was seen

in 2000, but the reference localities (not shown in Fig. 2)
showed that this was a very unfavorable year for amphib-
ian breeding. However, there was a new, very strong and
significant (P < 0.001 – 0.05) increase in 2001.

A juvenile and an adult B. bufo were observed at
Ogge D (1998) and Bås D (2001), respectively, but repro-
duction was not proved. In 2001, fish Perca fluviatilis
were recorded for the first time at the Bås locality. Al-
though as many as 18 R. temporaria egg clumps were
counted in May, no tadpoles were recorded that year.

The appearance of R. temporaria and the clear in-
crease in the number of egg clumps and tadpoles in all four
limed lakelets show the beneficial effect on amphibians of
raising the pH in acidic water bodies. Although R. tempo-
raria responded most quickly, T. vulgaris also appeared at
three localities and reproduced at two of them; even B. bu-
fo seemed to be attracted by the improved water quality.
The fact that no R. temporaria tadpoles were recorded at
Bås in 2001 is easily explained by the predatory fish which
had invaded the lakelet.
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Under normal circumstances, and as was also seen in
the present study in 1996 – 1997, the lowest pH values are
usually measured in spring. This is first of all due to the
easy-melting acidic components of the snow. The values
then rise through the summer, in part because of the photo-
synthesis effect, and decrease in autumn (cf. Hagen and
Langeland, 1975). However, liming on the ice (1998 –
2001) radically changed the course of the pH curve by ele-
vating the pH in spring (especially) and early summer
(Fig. 1). The pH state thus became more or less ideal for
the most sensitive amphibian development stages, i.e., the
eggs, embryos, and tiny larvae (cf. Clark and LaZerte,
1985).

Dolmen et al. (2004) found that, in acidified districts,
R. temporaria sometimes reproduced when the pH was as
low as approximately 4.6 (May – early June measure-
ments) if the calcium content in the water was high
enough. [The aluminum (Ala) concentration was usually
below 150 ìg�liter.] A somewhat higher pH seemed nec-
essary when the calcium content was very low (0.5 – 1
mg Ca2+�liter). However, although eggs hatch and many
larvae grow up, even a pH level as high as 5.0 (and a high
Ca2+ level) has demonstrably negative effects on egg and
larval viability and fitness (Andrén et al., 1988). Liming
should therefore probably aim at bringing the pH up to 6.0
or more for at least one month. True enough, the pH then
falls again in the course of the summer, because of more
acidified rain and the fact that lime is washed out of the
lakelets (cf. Fig. 1). However, in the most critical period
and also later, the pH may still be high enough for a
healthy development of eggs and larvae.

The time perspective for when amphibians, if ever,
will appear at a newly restored lakelet, depends on the dis-
tance from other amphibian localities, the migration ca-
pacity of the species, individual vagility and other factors.
Over time, in accordance with this investigation, a couple
of kilometers seems to be no big problem for any of the
three species in question.

It is unclear, however, whether the amphibians’ new-
establishment should be explained solely as the statistical
result of the by chance discovery of a new locality, by the
few more or less vagile individuals spread around in the
landscape. A lake of good water quality in an otherwise
relatively inhospitable environment may possibly act as a
“trap” for such “casual passers-by.”

However, the statistical probability of finding a new
lakelet diminishes quickly, at a geometrical rate, with the
distance (see, e.g., Udvardy, 1969) — unless special
senses of orientation are in action. Which senses, if any,
and to which degree, have been debated. Savage (1961)
pointed out that R. temporaria seemed to recognize the

smell of its “home pond” or of certain plants growing
there, and that this could be of help in orientation back for
breeding. Pasanen and Sorjonen (1995) found that R. tem-
poraria, after having been translocated, was able to orien-
tate towards its hibernation pond from a distance of at least
500 m, probably by use of the sense of smell. It seems
therefore possible that the establishment of amphibians in
new localities — or localities that have been made suitable
through liming — is not only by chance.

CONCLUSIONS AND PERSPECTIVES

In the acidified region of Southern Norway, it has been
shown that a) where the reproductive success of amphibi-
ans was poor, liming improved it, and b) within migrating
distance from amphibian refugia, liming led to the (re-)es-
tablishment of amphibians.

The main reason for the absence of amphibians in the
region is therefore the acidification, and one remedy is to
lime ponds and lakes.

POSTSCRIPT

It should be born in mind that liming is not the solution
to “bio-diversity problems” in all acidic lakes, because
many of them are not anthropogenically acidified, but nat-
urally acidic and have a natural, acidophilic fauna, that
should not be limed to extinction. And another important
aspect is, that because of fish predation, liming for fish
can often be worse off for the amphibians than not liming
at all.
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THE EUROPEAN TREE FROG REINTRODUCTION IN LATVIA

I. Dunce1 and J. Zvirgzds1
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INTRODUCTION

Wildlife reintroduction, along with restoration and
protection of the essential habitats is a vital aspect of spe-
cies conservation, as it is stressed by the Rio de Janeiro
Convention of Biodiversity, the Bern Convention on the
Conservation of European Wildlife and Natural Habitats
as well as the World Zoo Conservation Strategy.

The european tree frog (Hyla arborea) is included in
IUCN Red List of Threatened Animals as a near threat-
ened species (LRnt), in Appendix II of the Bern Conven-
tion, in Appendix IV of the European Union’s Habitat and
Bird Directive 92�43�EEC, and in Latvian Red List as 1st
Category species. Hyla arborea is protected in Latvia by
the Law of Protected Species and Biotopes since 16 March
2000.

In 1988, the tree frog was considered extinct in Latvia
already for several decades. Data on its former distribution
are rather incomplete. Several zoologists (Fischer, Seid-
litz, Schweder) have mentioned the species as present in
Latvia in the 18 – 19th centuries. During the 20th century
there were several additional reports, especially in the first
half of the century (Silins and Lamsters, 1934).

We consider that there are no theoretical grounds to
oppose the claim that, in recent past, the northern border of
tree frog’s range included Latvia.

The crucial factor influencing the decline of the tree
frog population in Latvia could have been a rapid deterio-
ration of wetlands, caused by the increasing intensity of
agriculture at the end of the 19th century. This, in turn, led
to destruction of the natural landscape.

The second factor causing the deterioration of wet-
lands was extinction of the beaver (Castor fiber) in Latvia.
According to literature sources, the last Beaver in Latvia
was shot in 1871 (Rupeiks, 1936). In 20th century the bea-
ver population in Latvia was restored. According to our
observations, dikes, canals or trails in dense vegetation of
overgrown ponds as well as the subsequent changes in the
water regime caused by beaver, are providing and main-
taining the habitats suitable for the tree frog.

MATERIAL AND METHODS

The reintroduction was planned with captive-bred tree
frog young in their first year of life. The considerations
were as follows:

1) the translocation of larger amount of adult speci-
mens from other natural populations could place the donor
population at risk, even if the population is considerably
stable;

2) the youngsters would have a considerably higher
ability to adapt to wild conditions than adults, if captive
specimens are to be released into wild.

The adult specimens for captive breeding were caught
in Southern Belarus’ (near the confluence of Goryn’ and
Pripyat’ Rivers). The adults were kept in outdoors terraria
and fed with artificially bred food insects (Musca domesti-
ca, Gryllus sp., Galleria mellonella larvae) as well as Cal-
liphoridae and Sarcophagidae flies collected in the wild.

Breeding was stimulated with hormone injections, us-
ing Surphagon, a synthetic analogue of Luliberin (pro-
duced by Bapex Co., Latvia). During the first year of
breeding effort the hormone treatment was given in the be-
ginning of May, in other years — already in the beginning
of March. In both cases the results were virtually identical.
Two males and one female were usually placed in a 35-li-
ter aquarium with a water level of about 5 cm and several
water plants.

Each female produced 200 – 1000 or even more eggs.
Hatching usually started on the 8 – 10th day of develop-
ment.

The larvae were placed into aquariums with aerated
water. The larvae density never exceeded 2 – 3 larvae per
liter. The natural photoperiod was simulated using lumi-
nescent lamps (40 W). Temperature range was 24 – 27°C
at day, 20 – 23°C at night. Tadpoles were fed ad libitum
with dried and boiled nettles, meat, aquarium fish food
(Tetra) and pollen.

The metamorphosis took 30 – 60 days (in the wild it
usually takes 90 days). Froglets were fed with wild-caught
insects (Diptera) and laboratory-bred food insects (Droso-
phila, Gryllus and, later, also Musca domestica). 2 – 6
weeks after full metamorphosis the froglets were ready to
be taken to the reintroduction site.
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The release site was chosen in SW Latvia (Liepaja
District, ca. 56°30� N 21°42� E), where a protected area
(“Lake Blazgis”) was established with total area of 350 ha.
The area accommodates a large number of natural ponds
and abandoned artificial fish ponds. Beavers have consid-
erably changed most of them.

During 1988 – 1992 a total of 4110 juveniles, progeny
from 14 – 17 breeding pairs, were released. All releases
were conducted in one locality, enabling accurate further
monitoring of population dispersal.

The distribution of the newly created population was
monitored mainly on the basis of the spring mating calls.
All new-recorded localities were registered by GPS and
mapped (the map scale 1:50000).

RESULTS

Under laboratory conditions the breeding can be ef-
fected to happen earlier in the season than in the wild, and,
furthermore, in the laboratory the larvae develop faster,
reaching the metamorphosis in a shorter period of time.
Thus, the released froglets have more time in their first
summer to adapt to natural conditions as well as for feed-
ing and growing. We hypothesize that it could result in a
much higher survival rate during the released froglets’ first
winter as well.

Our data show that the released froglets can mature
and breed successfully in the wild. The first vocalizations
of adult tree frog male were recorded in 1990 — two years
since the start of our reintroduction program. That con-
firms that under particular conditions males can reach sex-
ual maturity in 2 years. The first tadpoles in the wild were
found in 1991, at the release site. Thus, under particular
conditions, females can reach sexual maturity in 3 years.

Our monitoring data show also that tree frogs hiber-
nate well under the climatic conditions of Latvia. The tree
frog population was not affected by several severe winters

when temperature frequently stayed below –20°C for a
longer period, with little snow cover. In all cases the tree
frog population survived and started to increase.

Tree frogs are spreading around the initial release site,
gradually colonizing new breeding localities. The first
calling males outside the release site were recorded in
1993. The further distribution progressed even faster. Up
to 2002 the tree frogs were recorded already in more than
110 localities. The breeding is confirmed in at least 10 dif-
ferent ponds.

14 years after initiating the reintroduction program,
our monitoring data show that the stable and regenerating
population is established, with already 5 – 6 genera-
tions developed naturally. The total area of population dis-
persal covers already ca. 800 – 900 km2. The area extends
ca. 35 km in S – N direction, and ca. 39 km in W – E
direction.

Our successful reintroduction program could serve as
an example of native amphibian population re-establish-
ment through release of captive-bred specimens. Riga
Zoo’s Laboratory of Ecology (named Amphibian Depart-
ment now) continues its work in developing breeding
technologies for native species, as well as for about 20
threatened tropical amphibian species.
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INFLUENCE OF HYDROPERIOD, SUN EXPOSURE AND FISH PRESENCE
ON AMPHIBIAN COMMUNITIES IN A HUMAN DOMINATED LANDSCAPE

G. F. Ficetola1 and F. De Bernardi1
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INTRODUCTION

Many studies outlined the importance of wetland fea-
tures in determining amphibian distributions. However,
habitat features can interact among them or with processes
active in the landscape: in human dominated landscapes,
human activities strongly modify the habitat features, and
relationship between habitat features. These interactions
can therefore influence the distribution of species living in
the landscape, like the amphibians.

For example, water permanence should have at least
partially a positive effect on community richness. Some
amphibian species require long time for larval develop-
ment: the effects of pond drying can be dramatic for these
species, especially if the wetlands dry during the breeding
season: only the species with fast growing tadpoles should
prefer temporary wetlands for breeding (Skelly et al.,
1999). However, many studies recognized the negative ef-
fects of fish presence on amphibians, since they predate
larval stages of many amphibian species, and only few
species can survive in fish inhabited wetlands. As a conse-
quence, wetlands with fish frequently have very poor am-
phibian communities (Hecnar and McClosely, 1997). In
human dominated landscapes, humans frequently intro-
duce fish for sportive fishing also in semi-permanent,
fish-free wetlands. Thus, it is possible that communities
living in temporary wetlands are richer than those living in
the permanent ones, since short-hydroperiod wetlands are
the only ones without fish.

Again, human exploitation of landscape for agricul-
ture can be negative for amphibians, since it decreases the
terrestrial habitat available (Joly et al., 2001). However,
the decrease of canopy cover can improve the sun expo-
sure of wetlands, and therefore it could favor the abun-
dance of thermophile species (Werner and Glenmeier,
1999).

Aim of this study was to investigate how hydroperiod,
fish presence, sun exposure and agricultural use of land-

scape factors influence amphibian communities in a land-
scape strongly modified by humans. To better evaluate the
ecological meaning of the relationship between these fac-
tors and amphibian presence, we focused our attention on
the effects of human activities on these factors and on the
relationship between factors.

STUDY AREA AND METHODS

We investigated a surface area of 520 km2 in the river
Po floodplain, (Lombardy region, Northern Italy). This
area surrounds the city of Milan and is one of the European
areas with the largest agricultural and industrial develop-
ment. The landscape is dominated by the presence of ur-
ban suburbs and agriculture. Only a few little wooded
fragments still exist and the wooded surface is less than
5% of the landscape. We studied amphibian distribution in
84 wetlands (ponds, temporary pools and ditches). Each
wetland was surveyed after dusk at least once every 3
weeks, during late winter, spring and early summer (Feb-
ruary�June 2002). In each survey we detected adult pres-
ence, calling males, tadpoles, and spawn. We deep-netted
each wetland for tadpoles in May, sampling banks and bot-
tom. We recorded sun exposure as the percentage of wet-
land surface directly exposed to the sunshine between
11.00 a.m. and 1.00 p.m. (UTM) in May. We considered a
wetland temporary if it dried up during the amphibian
breeding season (February – June). We recorded fish as
present if we observed them at least once during our sur-
veys. We also recorded percentage of crop surrounding
each wetland in a 250 m array surface on the basis of field
surveys and of 1:10000 technical regional map, using a
Geographic Information System.

Likelihood ratio test of logistic regression was used to
evaluate the relationship between wetland features and the
presence�absence of each species; linear regression and
analysis of variance were used to evaluate the effects of
habitat features on community richness.
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RESULTS

Seven taxa of amphibians live in the study area: the
Italian crested newt Triturus carnifex, the smooth newt
Triturus vulgaris, the common toad Bufo bufo, the green
toad Bufo viridis, the Italian tree frog Hyla intermedia, the
Italian agile frog Rana latastei and the pool frog Rana
synklepton esculenta. Since we observed B. bufo and B. vi-
ridis, respectively, only in one and three wetlands, we ex-
cluded them from some analysis. The average species
richness per wetland is 1.3. The analyzed wetland features
have a strong effect on the composition and richness of
amphibian communities (Table 1). Two species (H. inter-
media and R. s. esculenta) live mainly in sunny wetlands;
newts are associated to temporary wetlands; fish presence
seems to have a negative effect on the distribution of
T. carnifex, T. vulgaris, and H. intermedia; only R. latastei
distribution seems to be negatively affected by the abun-
dance of surrounding crops. The richest communities live
in sunny wetlands, in temporary wetlands and in wetlands
without fish. We did not find a significant relationship be-
tween crop percentage and community richness (Table 1).

However, the relationship between some of these fac-
tors are strong, and they can not be considered independ-
ent. Fish presence is associated with permanent wetlands
(likelihood ratio: �1

2 = 9.830, P = 0.0017); wetlands sur-
rounded by high crop percentage are those with the higher
sun exposure (linear regression: F1,82 = 7.683, P = 0.007).
Therefore, we used the residuals of the relationship be-
tween sun exposure and surrounding crop percentage as an
independent variable and species richness as a dependent
variable. Species richness strongly depend on the residuals
of the relationship crop % — sun exposure (linear regres-
sion: F1,82 = 12.607, P = 0.0006): we found the richest
communities in the wetlands with high sun exposure
but with relatively low percentage of surrounding crops.

The other pairwise relationships (sun exposure�crop %
vs. fish presence�water permanence) are not significant
(P > 0.05).

DISCUSSION

The analyzed wetland features strongly influenced
amphibians communities. However, our results show a
different pattern from studies performed in more natural
landscapes (e.g., Skelly et al., 1999). Newt presence and
community richness are strongly associated with tempo-
rary water. This pattern can be explained by the strong as-
sociation between fish presence and water permanence: al-
most all the wetlands that do not dry annually are occupied
by fish, since in this landscape fish are frequently released
in almost all the wetlands for sportive fishing. The abun-
dance of fish in this landscape is likely one of the causes of
the low average species richness (Hecnar and McCloskey,
1997). Moreover, amphibians have to breed in temporary
wetlands: this habitat is unpredictable, quickly evolving
and frequently not protected by law. The conservation of a
network of ponds with different hydroperiod, and possibly
avoiding fish introduction, should be an important action
for amphibian protection in agricultural landscape (Beja
and Alcazar, 2003).

The most striking result of our study is the lack of rela-
tionship between agricultural exploitation of terrestrial
habitat and amphibian presence: the percentage of sur-
rounding crop seems to have negative effects only on
R. latastei, a red-listed frog living in lowland broadleaf
woods. The positive effect of sun exposure on amphibians
communities can explain this pattern. Sun exposure is pos-
itively related to percentage of crop since woods are cut to
increase the availability of land for agriculture. Higher sun
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TABLE 1. Effects of Sun Exposure, Water Permanence, Fish Presence, and Percentage of Surrounding Cultivated Fields on Amphibian Communities

Sun exposure Water permanence Fish presence % surrounding crop

Effects on the presence�absence of five amphibian species (likelihood-ratio test)
�1

2
P �1

2
P �1

2
P �1

2
P

Triturus carnifex 0.939 0.333 9.994 0.0016 (–) 6.258 0.012 (–) 1.475 0.225

Triturus vulgaris 0.518 0.472 3.765 0.05 (–) 7.211 0.0072 (–) 0.311 0.577

Hyla intermedia 28.988 <0.0001 (+) 2.952 0.086 7.241 0.0071 (–) 1.546 0.214

Rana latastei 2.017 0.155 0.445 0.505 2.017 0.155 5.634 0.018 (–)

Rana synklepton esculenta 17.637 <0.0001 (+) 1.852 0.174 2.588 0.108 0.116 0.733

Effects on the richness of amphibian communities (ANOVA�linear regression)
F1,82 P F1,82 P F1,82 P F1,82 P

Community richness 11.658 0.001 (+) 6.131 0.015 (–) 6.186 0.015 (–) 0.013 0.908

(+), indicate a significant positive association between the variable value and species presence�community richness; (–), indicate a negative association;
in bold, significant results.



exposure causes higher water temperature and more light,
and it can enhance tadpole growth rate: many species are
thus more abundant in sunny wetlands (Skelly et al.,
1999). Therefore, the effect of sun exposure could have
masked the negative effects of loss of terrestrial habitat
caused by agriculture: the negative effects of habitat loss
are evident only after taking into account the strong rela-
tionship between sun exposure and crop presence. How-
ever, the positive effects of sun exposure do not reduce the
concern for amphibian conservation in agricultural land-
scapes: only two species (H. intermedia and R. s. esculen-
ta) benefit from high sun exposure, and these thermophile
species are the most widespread and adaptable. The other
five species, less favored by this factor, are now really rare
in this landscape.

In a human modified landscape, the effects of relation-
ship between the habitat features analyzed (hydroperiod,
fish presence, sun exposure and terrestrial habitat) are ex-
tremely important for a correct interpretation of the distri-
butional pattern of amphibians. In Europe almost all the
landscapes have been strongly modified: the analysis of

relationship between habitat features and processes active
in the landscape can be extremely important to correctly
understand the forces driving the species distribution.
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POSTMETAMORPHIC GROWTH AND MOVEMENTS IN YELLOW-BELLIED TOADS,
Bombina variegata: APPROACHING LIFE-PATH ANALYSIS

G. Gollmann1 and B. Gollmann1

Since spring 1996 we study population ecology of yellow-bellied toads, Bombina variegata, in a near-natural envi-
ronment, the nature reserve Lainzer Tiergarten at the western border of Vienna. Toadlets were individually registered
by photographing their ventral pattern at or shortly after metamorphosis. Their lifetime movement patterns appear to
be strongly influenced by the quality of terrestrial habitats surrounding the breeding sites. Toads emerging from
puddles on a wet meadow were more sedentary than those from a pool on a forest clearing with bare loamy banks.
Several toads born at the latter site returned as adults to their natal pool for short visits, although some of them also
participated in breeding activities in other habitats.

Keywords: Amphibia, Anura, behavior, dispersal, ecology, life history, migration.

INTRODUCTION

The last three decades have brought tremendous prog-
ress in amphibian ecology, with respect to both larval and
adult life stages. For many species, the juvenile phase —
between metamorphosis and maturity — remains the least
known part of their life cycle. As adults often show strong
fidelity to breeding sites, juveniles have been surmised to
be the main stage for dispersal (Gill, 1978), but this role
has been demonstrated only for few species (e.g., Breden,
1987; Berven and Grudzien, 1990; Kneitz, 1998).

In 1996 we started long-term observations on yellow-
bellied toads, Bombina variegata (Linnaeus, 1758), in a
nature reserve at the western border of Vienna (Gollmann
et al., 1999; Gollmann and Gollmann, 2002). Here we
present results on movements and growth of toads regis-
tered soon after metamorphosis during the first three years
of this study, focusing on a comparison between two
breeding areas with different habitat structures. These data
suggest that factors operating early in life may have long-
lasting effects on movement patterns of individuals (cf.
Kenward et al., 2001).

MATERIAL AND METHODS

The investigations were carried out in the northwest-
ern part of Lainzer Tiergarten, a nature reserve in the west
of Vienna, which is covered by deciduous forest inter-
spersed with meadows. In the years 1782 – 1787 it was
surrounded by a wall to keep wild boars inside this hunt-
ing-ground. Current wildlife management still maintains

high densities of game animals, especially wild boars,
mouflon and several species of deer.

We visited a core study area of about 1 km2 weekly
(with some exceptions) during the activity period of B. va-
riegata since 1996. Adjacent parts of the study area have
been searched for toads at bi-weekly to monthly intervals.
At two sites in the core study area metamorphs were regu-
larly produced in the first three study years: a wet meadow
with many small puddles (site A) and a pool with mostly
bare loamy banks in a forest clearing (site C) (site codes
follow Gollmann et al., 1999).

At each capture of a yellow-bellied toad, its snout-vent
length (SVL) was measured with callipers (readings to
0.1 mm, rounded to 1 mm for presentation in this paper).
Toads were individually registered by making color photo-
graphs of their ventral pattern. For identification, live
toads or color photographs were compared to earlier
photographs (metamorphs) or black-and-white copies
(subadults and adults; see Gollmann and Gollmann,
2002: 119).

RESULTS

Dispersal distances recorded through the observation
period (5 to 7 years) have markedly different distributions
for the two study sites: Most (17 of 26) toads first regis-
tered at site A were never caught more than 200 m away
from the point of their first capture, whereas most (20 of
28) toads originating from site C traveled at least 400 m
(median 600 m, maximum 1700 m) (Fig. 1).

Analysis of individual life paths shows that many
toads reached the location most distant from their birth
place in the second or third year after metamorphosis
(Fig. 2). Several toads from site C dispersed to various
parts of the study area, but returned occasionally to their
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birth place. Two males from the 1996 cohort (� 244,
� 280, Fig. 2) moved to site A, but regularly visited site C
in May or June from their third year on; similar migration
patterns were also developed by toads from later cohorts
(data not shown). One male first observed at site A
(� 306) also migrated to site C in several years (Fig. 2);
first registration of this toad was made late in the year
(September 15, 1996) at a fairly large size (SVL 25 mm)
together with a known immigrant (� 280) with a similar
throat pattern.

Postmetamorphic growth trajectories were similar for
both sexes, but showed considerable individual variation
(Fig. 3). In our example, the 1998 cohort from site A, great
differences in size at metamorphosis were present (Fig. 3;
Gollmann and Gollmann, 2002: 75f). Owing to variable
growth, size ranks changed over time, in particular among
males. After five years, these toads had reached SVLs
ranging from 44 to 49 mm.

DISCUSSION

Dissimilar patterns of dispersal from the two breeding
sites (Figs. 1 and 2) were probably caused by differences
in habitat quality. The wet meadow (site A) provides con-
stant moisture and dense vegetation, ensuring shelter and
food supply, whereas the dry open ground surrounding
pool C presents unfavorable conditions for B. variegata.
For toads metamorphosing in a benign environment the
costs of dispersing may outweigh potential benefits of
leaving their birth area, whereas for toads entering their
terrestrial life phase on inhospitable terrain departure is
more clearly advantageous. We suggest that one of the be-
nefits of early dispersal may be gaining knowledge of the
landscape, which enables the toads to use different habi-
tats to optimize growth or reproduction. On another wet
meadow in the study area we observed mainly juveniles
and subadults; some of those toads migrated for breeding
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to sites they had occupied in earlier years (e.g., � 275,
Fig. 2; Gollmann et al., 2000).

Several toads who had dispersed from their birth place
repeatedly returned to their natal pool in later years (Fig. 2).
Similar recurrent migrations have also been observed in
older adult toads (Gollmann and Gollmann, 2002: 80f).
These migration patterns appear to be more regular for
males than for females. As males were on average cap-
tured more often (Gollmann and Gollmann, 2000), this
difference is perhaps more a matter of observation than of
actual fact. Of the toads first registered in the year of meta-
morphosis, only individuals born at site C moved from the
wet meadow (site A) across the forest to that site during
the breeding season (circumstantial evidence presented
above suggests that this may also be true for the only ap-
parent exception, � 306).

It is important to note that toads who returned to their
birthplace also attempted to reproduce at other sites in the
same years (Fig. 2). Reproduction of B. variegata follows
a risk-spreading strategy: females are able to produce sev-
eral clutches within a year, what is regarded as an adapta-
tion to spawning in water bodies with a high risk of desic-
cation (Buschmann, 2002). In their prolonged breeding
period (Gollmann et al., 1999; Gollmann and Gollmann,
2000), at least some yellow-bellied toads in our study area
distributed their reproductive effort not only in time, but
also in space.
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INTRODUCTION

In the context of the long-term study “development of
amphibian habitats in an agricultural landscape” amphib-
ian populations of seven native species in an arable land-
scape near Bonn (Germany) were monitored during eleven
years (1989 – 1995, 2000 – 2003, cf. Schäfer, 1993;
Kneitz, 1997). Data presented here focus on return rates
and minimum ages of long-lived individuals in the field of
two frog and one newt species. These parameters influ-
ence maintenance and stability of amphibian populations
and thus are important concerning ecology and conserva-
tion of species.

STUDY AREA AND METHODS

The study focuses on a pond system with two natural
and three artificial waterbodies. Using permanent drift
fences with pitfall and funnel traps it was possible to catch

and record most of the specimens that reached and quit the
ponds throughout the whole year. One aim was to estimate
minimum survival rates of the species by capture-mark-re-
capture techniques. For the anuran species — agile frog
Rana dalmatina and common frog R. temporaria — two
individual marking methods were applied: implantation of
passive integrated transponders (PIT) and toe-clipping.
The great crested newts Triturus cristatus were registered
by photo identification of the belly pattern. Analyzing data
of individually marked specimens we were able to esti-
mate recapture rates for adults from spawning period 2001
to 2003.

RESULTS

Return Rates

Rana dalmatina — agile frog. In 2001 the population
of the agile frog consisted of 939 adult specimens (340 fe-
males, 599 males). Return rates from one year to the next
were about 50% in both periods (Fig. 1). Return rates of
males ranged from 55 to 58% and were significantly
higher than these of females with 38 to 42% (÷2 = 15.8,
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Return rate 2001 – 2003 6 specimens
(0.6 %)*

1 male
(0.1 %)*

5 females
(0.5 %)*

all: 0.27
males: 0.32
females: 0.17

2001

939 specimens
(100 %)

599 males
(64 %)

340 females
(36 %)

2002

480 specimens
(100 %)

349 males
(73 %)

130 females
(27 %)

2003

245 specimens
(100 %)

191 males
(78 %)

54 females
(22 %)

Return rate
2001 – 2002

0.51

0.58

0.38

Return rate
2002 – 2003

0.51

0.55

0.42

Fig. 1. Return rates of Rana dalmatina males and females 2001 – 2003. * Percentage of recaptured specimens from 2001.



p < 0.001). Consequently sex ratio within our sample in-
creased from 64% males in 2001 up to 78% in 2003.
Nearly all specimens returned to their breeding ponds ev-
ery year; only 0.6% left out the spawning period 2002. At
least 27% of all frogs (males: 32%, females: 17%) took
part in reproduction over all three years.

Rana temporaria — common frog. In 2001 a total of
423 individuals (202 females, 221 males) of R. temporaria
were captured. Return rates ranged from 17 to 30%
(Fig. 2) and were thus much lower than those of the agile
frog (÷2 = 45.7, p < 0.001). Only a minority of the popula-
tion (8%) reproduced all three years. Just six specimens
(1.4%) overleaped the breeding season in 2002, i.e., came
to their spawning site only in 2001 and 2003. Sex ratio was
more balanced than in R. dalmatina populations (Fig. 2).
No significant differences between return rates of males
and females were found (÷2 test).

Triturus cristatus — great crested newt. In 2001 al-
together 170 adult specimens of the great crested newt
(101 females, 69 males) were registered individually. 21%
returned to their breeding pond in the following year and
11% of them were observed again in the last year (Fig. 3).
Differences between return rates in 2002 and 2003 were
not significant. Only 3% (6% males, only 1% females)
took part in the reproduction over all three years. Because
of the small sample size interpretations concerning differ-
ent return rates of the sexes are not possible.

Long-Term Capture Histories

Rana dalmatina — agile frog. Twelve Rana
dalmatina adults (nine males, three females) individually
marked as metamorphs between 1993 and 1995 were cap-
tured again from 2001 to 2003 (Table 1). Minimum ages
range from six to ten years. One male that metamorphosed
in 1993 at least came back in all three seasons from 2001
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Return rate 2001 – 2003 6 specimens
(1.4 %)*

3 males
(0.7 %)*

3 females
(0.7 %)*

all: 0.08
males: 0.09
females: 0.06

2001

423 specimens
(100 %)

221 males
(52 %)

202 females
(48 %)

2002

111 specimens
(100 %)

53 males
(48 %)

58 females
(52 %)

2003

26 specimens
(100 %)

16 males
(62 %)

10 females
(38 %)

Return rate
2001 – 2002

0.26

0.24

0.29

Return rate
2002 – 2003

0.23

0.30

0.17

Fig. 2. Return rates of Rana temporaria males and females 2001 -2003. *, Percentage of recaptured specimens from 2001.

1 male
Return rate 2001 – 2003

all: 0.03
males: 0.06
females: 0.01

2001

170 specimens
(100 %)

69 males
(41 %)

101 females
(59 %)

2002

35 specimens
(100 %)

17 males
(49 %)

18 females
(51 %)

2003

4 specimens
(100 %)

3 males
(75 %)

1 female
(25 %)

Return rate
2001 – 2002

0.21

0.25

0.18

Return rate
2002 – 2003

0.11

0.18

0.06

Fig. 3. Return rates of Triturus cristatus males and females 2001 – 2003.



to 2003 and thus reached an age of ten years. Most of these
old specimens (10 animals) were observed in the same
pond in which they hatched many years ago. Only two in-
dividuals were found in other water bodies within dis-
tances of a few hundred meters from their pond of hatch.

Rana temporaria — common frog. Eight specimens
of the common frog (two males, six females) marked as
metamorphs between 1991 and 1995 could be observed
again between 2001 and 2003 (Table 2). Consequently
ages range 7 – 11 and 6 – 10 years for females and males,
respectively. Four individuals changed between hatching
site and spawning pond.

Triturus cristatus — great crested newt. Two fe-
males and one male of Triturus cristatus first captured be-
tween 1995 and 1997 as adults could be recognized again
in 2001 – 2003 (Table 3). During this period the popula-
tion grew from 40 to 170 individuals. Those two females
belonged to the first great crested newts, which colonized

six respectively eight years after the completion the artifi-
cial ponds as adults. Minimum ages — estimated by indi-
vidual recognition of adults — range between eight and
ten years.

DISCUSSION

Return Rates

Because in all three species only a small minority of
individuals left out the spawning period 2002 (0.6% for
Rana dalmatina and 1.4% for R. temporaria, and only one
individual of Triturus cristatus) one can assume that adult
animals usually return to their spawning site every year.
Additionally, transience between spawning waters — even
over a long time period — seems to be rare and the adult
amphibians reveal a high spawning fidelity (cf. Kneitz,
1997). Taking into account that capture probability with
the applied methods does not reach 100% the true survival
rates are definitely higher than our observed return rates.
In consequence one can equate return rates at least with
minimum survival rates.

Common frog and great crested newt show a similar
return rate of about 20% from one year to another.
Compared to literature these data are extremely low for
both species: especially for Triturus cristatus, which is
considered as a k-strategist, published annual return rates
range between 31 and 100% and thus are at least 10%
higher than in our results (summary in Arntzen and Teunis,
1993; Baker, 1999). Because our population in the same
period was expanding constantly, this indicates a relatively
high recruitment rate but disadvantageous adult survival
conditions. That idea is supported by the remarkable low
body sizes of the adults compared to literature, which sug-
gests an age structure of the population with a high propor-
tion of young animals (Ortmann, unpublished).

Similarly, return rates of Rana temporaria are at the
lower end of published data, for example Ryser (1986) and
Gibbons and McCarthy (1984) with return rates ranging
from 36 to 50%. Otherwise Elmberg (1990) shows similar
average annual return rates of 31% for males (min. 16%,
max. 51%) and 16% for females (min. 5%, max. 33%). It

148 Herpetologia Petropolitana, Ananjeva N. and Tsinenko O. (eds.), pp. 146 – 149

TABLE 1. Recaptured Rana dalmatina from the Period 1993 – 1997

Number
of speci-

mens
Sex

Year
of

marking*

Year(s) of
recapture

Age at last
capture,

years
Recapture place

1 � 1993 2001 – 2003 10 same pond

1 � 1993 2001 – 2002 9 same pond

1 � 1994 2003 9 same pond

3 � 1994 2001 8 same pond

1 � 1994 2002 8 same pond

2 � 1994 2001 7 same pond

1 � 1995 2002 7 other pond
(920 m distance)

1 � 1995 2001 6 other pond
(800 m distance)

1 � 1995 2001 6 same pond

* Marked as metamorph.

TABLE 2. Recaptured Rana temporaria from the Period 1993 – 1997

Number
of speci-

mens
Sex

Year
of

marking*

Year(s) of
recapture

Age at last
capture,

years
Recapture place

2 � 1991 2002 11 same pond

1 � 1991 2001 10 other pond
(825 m distance)

1 � 1991 2001 10 other pond
(925 m distance)

1 � 1995 2001 – 2003 8 other pond
(860 m distance)

1 � 1995 2001, 2002 7 same pond

1 � 1995 2002 7 same pond

1 � 1995 2001 6 other pond
(1275 m distance)

* Marked as metamorph.

TABLE 3. Recaptured Triturus cristatus from the Period 1993 – 1997

Number
of speci-

mens
Sex

First
observation

as adult

Year(s) of
recapture

Age at last
capture,

years
Recapture place

1 � 1995 2001 – 2003 10 same pond

1 � 1997 2001 8 same pond

1 � 1995 2001, 2002 8 same pond



is likely that those data differ from population to popula-
tion depending on climate, structures of spawning and ter-
restrial habitats.

Exceptionally the agile frog shows a high return prob-
ability of about 50%, which was in the years 2000 – 2003
nearly similar to those of the former project phase (Kneitz,
1997). Depending on year, pond and sex Kneitz (1997) ac-
quired rates between 21% and 53% in the same ponds
8 – 10 years earlier. These data indicate good survival con-
ditions for adult agile frogs in our study area.

Only in Rana dalmatina we found statistically signifi-
cant differences between sexes concerning return proba-
bility. Because Kneitz (1997) as well had continuous
lower return rates of females in all ponds and both study
years (1993, 1994) this result seems to be valid for a long
time at least in our pond system. In contrast no differences
between sexes occur for R. temporaria and T. cristatus.
Baker (1999) indicates no sex-specific differences for Tri-
turus cristatus, as well as Gibbons and McCarthy (1984)
and Elmberg (1990) for Rana temporaria. Thus, similar
return rates of both sexes seem to be a frequent phenome-
non for these species.

Long-Term Capture Histories

Individual recognition by transponders, toe-clipping,
and photo identification, applied over a long period, en-
ables us to determine minimum ages of long-lived individ-
uals in the field. Observed ages belong to the highest re-
corded in field studies in Europe. Those old individuals
show that at least a few specimens can reach very high
ages in the field and they are still able to take part in repro-
duction regularly. They also suggest a high pond fidelity
for many years. In most cases hatching pond and spawning
water are identical.

Compared with return rates over three years (Figs. 1 – 3)
mortality of old animals seems to be much lower than that
of younger. This suggests at least two different strategies:
The bigger part of a population spawns only a few times,
but a minority group of few individuals takes part in repro-
duction over many years. Baker (1999) as well demon-
strates for Triturus cristatus, that young individuals expe-
rience significant lower survival than older newts. Elm-
berg (1990) shows for Rana temporaria that return rates

increase with every successful previous hibernation,
which indicates an increasing survival rate with age. Espe-
cially these old specimens might be important for mainte-
nance of populations under temporary bad habitat condi-
tions for reproduction and periods with low recruitment
rates (e.g., pond drying, cf. Baker, 1999).
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INTRODUCTION

Within the project “development of amphibian habi-
tats in an agricultural landscape“ population dynamics of
seven amphibian species in an agricultural landscape near
Bonn (Northrhine-Westphalia, Germany) have been sur-
veyed during eleven years (1989 – 1995, 2000 – 2003).
Here, we present preliminary results on the population dy-
namics of three species at two ponds from 1989 till 2003,
including and continuing the results of Schäfer (1993) and
Kneitz (1998).

Central aims of the project are:
� Monitoring of the amphibian fauna in a typical

middle-European landscape;
� Knowledge on population ecology and population

genetics of native amphibian species (population sizes and
dynamics including sex ratios and reproductive output, re-
turn rates, long-term captures and migration based on ge-
netic data);

� Scientific contributions for species and nature con-
servation in Germany.

Major questions are:
� What do the long-term population dynamics look

like?
� Which conditions have to be met for persisting and

self-maintaining populations?
� Are there clear differences between natural and ar-

tificial ponds?

STUDY SITE AND METHODS

The study area is located 20 km south of Bonn (Ger-
many). It represents a typical middle-European agricul-
tural area with acres, meadows, small forests and villages.
In this landscape five breeding ponds were examined,
which were situated in distances between 300 and 1800 m.
Two of them have a natural origin, three waterbodies (with

waterproofing foil) have been build artificially to support
the amphibian populations in this cultural influenced area.
These five breeding ponds were enclosed by permanent
drift fences with pitfall traps in order to record abundance
and migration of all occurring amphibians throughout the
whole year.

To mark the specimen, we used two different methods:
Either toe-clipping or implantation of passive integrated
transponders (PIT) for the anurans and only toe-clipping
for newts.

RESULTS

Triturus alpestris colonized the new ponds within a
few years and was present in all five study ponds up to the
last study year 2003. In the beginning, the number of adult
individuals in the whole pond system ranged 455 speci-
mens (1989), increased till 1995 up to 3706 individuals
and stagnated in the last three years between 2755 and
4625 animals. In the artificial ponds the population devel-
oped from 14 specimens more or less continuously to 3326
specimens till the year 2001, but stagnated as well in 2002
(1866 individuals) and 2003 (1656 individuals). Figure 1
for example shows the dynamics in pond 1. In the same

150 Herpetologia Petropolitana, Ananjeva N. and Tsinenko O. (eds.), pp. 150 – 152

1 Zoologisches Forschungsinstitut und Museum Alexander Koenig, Sektion
Herpetologie, Adenauerallee 160, D-53113 Bonn, Germany;
E-mail: w.boehme.zfmk@uni-bonn.de; www.amphibien-projekt.de.

0

200

400

600

800

1000

1200

1400

1600

1800

2000

19
89

19
90

19
91

19
92

19
93

19
94

19
95

2 0
00

20
01

2 0
02

20
03

A
bs

ol
ut

e
nu

m
be

r
of

an
im

al
s

N
o

da
ta

Juveniles
Females
Males

Fig. 1. Development of breeding population of Triturus alpestris at pond 1.



period annual reproductive success ranged from 0 up to
8174 (year 1991 in pond 3, see Fig. 2).

Bufo bufo in contrast settled only temporarily in all
waterbodies; in our study area it showed the most irregular
dynamics of all species under concern. The breeding pop-
ulation at pond 3 consisted of 2200 males and 530 females
in 1989 (Fig. 3). Reproduction in that year was very suc-
cessful with 66,000 juveniles. Due to changes in habitat
conditions (pond drying, strong decrease of fish popula-
tion, increasing populations of newts and other potential
predators) there were heavy losses in population size of
the common toad. Currently, also the artificial pond 4 was
regularly used as spawning site with remarkable reproduc-
tion, however its success was irregular (Fig. 4). Mean-
while pond 3, representing the former main breeding site,
had lost importance. Adult numbers decreased extremely
to 15 males and 19 females in 2003. Even in the whole

study area population size of adults during breeding period
in 2003 did not exceed 37 males and 32 females.

Rana dalmatina occurred in all ponds but showed re-
markable fluctuations. After colonization of the artificial
ponds the spawning populations increased within four
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Fig. 2. Development of breeding population of Triturus alpestris at
pond 3.
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years from 4 up to 138 adults in these waterbodies (for ex-
ample pond 2 in Fig. 5). Nevertheless, since the year 2000
only two ponds (pond 2 at the edge of the wood and pond 3
situated in arable land; see Fig. 6) showed higher numbers
of adults (i.e., far more than ten specimens per sex) and
regular reproductive output. In three ponds only single in-
dividuals (25 or less per year) could be observed in the last
three years, but in some years high reproductive output
took place anyway.

In all species no positive correlation between number
of adults and juveniles could be observed.

CONCLUSIONS

Especially for newts the population size in the pond
system grew according to the creation of additional ponds.
In contrast, for Bufo bufo the water system seemed to be
only temporary convenient whereas concurrence between
species (especially newts) and�or predation may be impor-
tant negative factors. Even though Rana dalmatina
adopted only some of the new ponds, its population was
strengthened and enlarged by their creation.

General conclusions for amphibian populations are:
� Species composition, population size and repro-

ductive output can change within a few years.
� Reproductive success and size of the spawning

population are not correlated; a phenomenon, which is
characteristic for animal species with large numbers of
eggs.

� Population dynamics differ between species. Given
the total time of 14 years in our study, the patterns rather
look like an irregular developmental process than periodi-
cal dynamics which can not yet be recognized.

� There are no obvious differences between natural
and artificial ponds with respect to species composition
and reproduction rates.

� Artificial ponds in an agricultural landscape can be
inhabited by amphibians for long time spans. They are
useful to strengthen and interconnect amphibian popula-
tions even throughout intensive arable landscapes.
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GROWTH OF BROWN FROGS OF FAUNA OF RUSSIA:
SOME PROBLEMS OF STUDY OF GROWTH IN AMPHIBIANS

V. G. Ishchenko1

The growth of some brown frogs (Rana temporaria, R. arvalis, R. macrocnemis, R. dalmatina, R. asiatica, R. amu-
rensis, R. dybowskii, R. pirica) was studied using skeletochronological method. Comparison of correlations between
body size and absolute age evaluated as numbers of wintering has revealed different situations. The curves of growth
in the populations of different geographical zones can cross “chaotically,” without any obvious geographical regular-
ity: either they coincide, or the growth curves in a population with the greater life time can be a prolongation of a
growth curve of population with a shorter lifetime. In some cases growth curves can be parallel or congruent. The in-
terpretation of the results in many cases is difficult as the duration of the period of activity in different populations
may differ sharply or, on contrary, may vary and may be overlapped significantly. Therefore, the comparison of
growth curves, based on age in months is preferable and it allows obtaining unusual results. The usage of biocoenotic
data appears to be more interesting. The comparative analysis of species-specific differences in growth, taking into
account geographical and especially various intrapopulation variation is necessary for the assessment of the role of
the different factors determining growth in amphibians.

Keywords: amphibians, frogs, growth, skeletochronology.

INTRODUCTION

It is well-known that a study of the growth is of essen-
tial interest because many other important traits of life cy-
cles are connected with growth (cost of reproduction, rate
of maturity, life-span and, finally, reproductive success of
an individual and a population as a whole). The characters
of growth are, therefore, among the main traits of a popu-
lation (Ebenman and Persson, 1988). At present, it is pos-
sible to postulate some principal propositions related to
population ecology of amphibians on the basis of the study
of their growth. Firstly, a higher growth rate is most pref-
erable because it can determine maturation at larger body
size and, hence, a comparatively higher fecundity. Sec-
ondly, the larger body size provides higher competitive-
ness, because larger individuals have the wider spectrum
of prey.

Till recently, studies of growth and aging of amphibi-
ans were curried out in laboratory conditions (Hota, 1994;
Kara, 1994), and data on longevity were accumulated by
skeletochronological studies. Now there are compara-
tively few data on the growth character of amphibians in
nature, first of all owing to a difficulty of the task itself.
From an available arsenal of tools, two are regarded to be
the most correct, the individual marking and skeletochro-
nological research (Halliday and Verrell, 1988). These are
precisely the methods, which ensure a reliable age deter-

mination at the level of an individual and, hence, a possi-
bility of study of growth. Unfortunately an individual
marking can result in “additional” mortality rate and, even
without that, a low recapture value, owing to migrations
and large mortality, from metamorphosis to maturity and
alder age. Therefore, skeletochronological studies are
more preferable and more widely spread for descriptions
of amphibian growth. However, in many cases researchers
have dealt with one-time series, and problems arise in in-
terpretation of results. This paper discusses some aspects
of the problems.

MATERIAL AND METHODS

This work is based on studying of series the frogs col-
lected in different time. Samples of eight species of brown
frogs of Russia and adjacent territories were studied: Rana
arvalis Nilsson 1842; R. temporaria Linnaeus 1758;
R. dalmatina Bonaparte, 1840; R. macrocnemis Boulen-
ger, 1885; R. asiatica Bedriaga, 1898; R. amurensis Bou-
lenger, 1886; R. dybowskii Günther 1876; and R. pirica
Matsui, 1991. All specimens were fixed in formalin and
kept in formalin or ethanol. The specimens were sexed and
snout-vent length was measured nearest to 0.1 mm. Age of
animals was determined by examination of microscopic
cross-sections of the second phalanx of the fourth toe of
right hind leg. Data on age structure of all series were
published earlier (Ishchenko, 1996). On the basis of data
obtained the relations between mean size and age have
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been compared. Total numbers of specimens under study
counted were 5573 from 41 populations of 8 species. I
used statistical software STATISTICA 6.0 and SPSS 11.5.

RESULTS AND DISCUSSION

The results can be considered at some levels, namely,
species-specific, population, and intrapopulation. Plotting
of the growth curves describing species–specificity in dif-
ferent species of amphibians that can characterize speci-
ficity of species is extremely difficult if possible at all. For
example, my data can be used for characterization (de-
scription) of relations between size and age in some spe-
cies of frogs (Fig. 1). This result has been obtained on the
basis of four samples of R. amurensis, two samples of
R. asiatica and one sample for each of three other species.
Therefore it is very difficult to speak in this case of spe-
cies-specificity. It is possible only to contend that size dif-
ferences between species at the age of three years contrib-
utes of about 10 mm and at the age of five years, 20 mm. It
is necessary to remember that in many cases researchers
measure SVL nearest to 1 mm, especially in case with liv-
ing specimens. Therefore, even significant differences in
the mean size of 1.5 – 2 mm in many cases can not be re-
garded as valid.

Intraspecific comparisons of growth curves are much
more appropriate and informative.

At the present time, the comparisons of such kind are
usual in amphibians and my data permit to suggest various

kinds of geographical variability of growth. The compari-
son of five populations of R. arvalis (Fig. 2) based on the
series from Altai [560 m above sea level (a.s.l.)], for-
est-tundra zone (Yamal peninsula), middle taiga of West-
ern Siberia (Polnovat), and forest-steppe of Middle and
South Urals (Butka and Batali) does not display a regular
(cline) geographical variability in age-size dependencies.
In other cases regular geographical differences in growth
rates were determined (Hemelaar, 1986). According to our
data on age and size in different populations of R. macro-
cnemis, the differences in size-age dependencies can be
observed by comparison of mountain and lowland popula-
tions (Fig. 3). Nevertheless, it is necessary to keep in mind
that conclusions about such differences have some limita-
tions.

It is known, the duration of the period of frog activity
is very important for attaining of certain size (Licht, 1975)
but in some cases this duration is unknown. At least, it is
unknown usually whether the duration of period of activ-
ity of frogs coincides with a duration of period of growth
or not. Therefore, interpretation of observed differences is
often difficult, but in some cases it is quite possible. Com-
parison of populations of R. temporaria can be an example
(Fig. 4). It is known that populations of amphibians inhab-
iting the subarctic zone, in particular, at the Polar Urals,
are active usually during two months and rarely, during 2.5
months (Schwarz and Ishchenko, 1971), and all phenolo-
gical events go on with large intensity. In southern popula-
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tions of the temperate zone duration of the period of activ-
ity and potential growth is not less than 4 months and usu-
ally it is equal to 5 months. It is quite possible to estimate
age of animals in number of months of active life but not
in number of winterings. Results obtained in such way for
R. temporaria (Fig. 5) permit to conclude that northern
common frogs are not characterized by comparatively
larger life-span, but they are characterized by a more in-
tensive growth. The reasons of this phenomenon seem to
be unknown but some explanations can be given. Firstly,
long photoperiod (in summer) in the Subarctic can result
in increasing of growth rate of juvenile specimens (Ri-
chards and Lehman, 1980) and this specificity may be re-
tained at older age. Secondly, according to the data of
Olschwang (1992), total biomasses of aboveground inver-
tebrates produced in summer in Polar Urals and Middle
Urals are almost equal, therefore middle daily abundance
and availability of potential food in northern amphibians
is at least twice as large as that in frogs from southern
populations. Growth of amphibians is often determined by
conditions of feeding (Claussen and Layne, 1983; Seale,
1987).

A similar situation was observed at comparison of
populations of R. macrocnemis living at different altitudes
in various localities of the Caucasus. It is easy to see
(Fig. 3) significant distinctions in growth of frogs from
various populations and they are retained at comparison

when their age is expressed in months. High-mountain
frogs grow more slowly than those from moderate alti-
tudes. However, it is interesting to note, that the frogs in
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Kolkhida lowland (5 m a.s.l.) are characterized by the
slower growth and minimum body size. In spite of the fact
that a period of activity and potential growth in this popu-
lation is maximum (6.5 – 7 months), growth rate is evi-
dently insignificant. The reasons of this can be presumably
biocoenotic. In this site the total biomass of aboveground
invertebrates produced through a season of vegetation is
similar to it in the Polar Urals, however, in each time unit it
is very small. In the habitats of frogs (mainly boggy
small-leafed woods) an abundance of invertebrates is al-
ways lower than anywhere else. Moreover, a plenty of
days with intensive precipitation, typical of humid sub-
tropics zone, make a feeding of frogs complicated, i.e., the
factor of actual availability of food resource takes place. It
is difficult to prove these assumptions, but it is possible to
speculate about them. Moreover, relatively small size of
northern R. arvalis (Fig. 2) does not confirm to this hy-
pothesis. On the other hand one must not exclude an influ-
ence of the size at metamorphosis that can determine size
at maturity and at older age (Camp et al., 2000). Addi-
tionally, there is one other factor, which is almost impossi-
ble to measure comparing populations of frogs. This factor
is a certain “phylogenetic variable” determining evolu-
tionary specificity of populations. Any compared popula-
tions can differ, but the exact reasons of these differences
cannot be comprehended.

There are some more circumstances, which do not per-
mit us to study amphibians’ growth more accurately.

Firstly, it is necessary to remember about replications of
results at sampling of animals for a study. They can be ob-
tained at long-term studies, which results cannot be always
satisfactory. For example, at comparison of dependence of
the body size on age in moor frogs collected in the same
population in different years (Fig. 6) we notice a great
difference.

I have got some explanations. Summer of 1995 was
very dry season, and the most part of frogs lived in a shore
zone of non-dried shallow ponds in conditions of high
density (5 – 7 specimens per 1 m2), thus failing to feed
successfully. Therefore the growth of young individuals
was strongly inhibited. In addition, the differences of such
kind in dependencies between size and age of animals col-
lected in various parts of large spatially structured popula-
tion can be observed, too. Further, zoologists usually dili-
gently overlook that relations between body size and the
age are not growth sensu stricto, because a growth is a
vectorial change of the size or mass of an individual or a
group of individuals of the same time of birth in time con-
tinuum. Usually, when we compare the average body size
in different age groups of the same population, we are
dealing not only with individuals of different age, but also
with individuals of different generations born in different
years and this can be a good reason for differences in size
(Ishchenko, 1989). Differences between generations can
be determined by conditions of larval growth, and geneti-
cally, and by the fact that in different years a population
can be invaded by immigrants from the other neighbor
populations, which can differ in growth (Augert and Joly,
1993). Many of the factors listed above practically were
not defined in descriptions of the growth of amphibians in
nature unless their marking was done. Thus, we usually do
not know an impact of information noise on the results of
our studies. There are ways of studying the growth allow-
ing to avoid some restrictions. Besides of being used for
individual marking, skeletochronological studies can be
highly promising. Similar problems are resolved in den-
drochronology at studying of tree growth. Dendrochrono-
logists do not measure the height of trees for studying
growth, but use diameter and width of annual rings. Am-
phibians appear to be a beneficial object in this aspect be-
cause of an insignificant increase of length can be imper-
ceptible, because of natural errors of measurement; how-
ever studying cross-sections of a bone (and phalanx) per-
mits registering any growth precisely. Moreover, it is well
known the correlations between body size and diameter of
a phalanx are quite often high and the calculation of body
length is available. Thus one can work with this material
and can easily find out an individual variability of growth.
However, this method has some minor restrictions. As a
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matter of fact a line of the first wintering is often resorbed,
and the animals keeping this line can be characterized by
specific growth type, in comparison with individuals with
resorption. Nevertheless, studies on variability of curves
of growth obtained on the basis of analysis of microscope
sections of bones are very promising. It is difficult, how-
ever, to imagine a mathematical tool allowing for, e.g., a
cluster analysis of many hundreds or thousands of curves.
In my opinion, there is one more comprehensible way for
studying of variability of growth. It consists of determin-
ing the variants components of body size.

Analysis of variance of body length has shown that
the most part of variability (63.54%) of 41 populations of
8 species of frogs is determined by age, while species or
population specificity plays a smaller role (13.19 and
3.65%, respectively). The part of “sex” factor is about
4.4% of variance of SVL. Thus, distinctions in character
of growth can be rather insignificant, and observed differ-
ences in it between populations seem to be determined
mainly by distinctions in life-span (in years!). This conclu-
sion does not contradict the plots because in the analysis of
variance all the individuals have been taken into account.
The author use not only average sizes in the plots, but also
the intragroup variance of body size. However such an ap-
proach can only be used in search analysis.

Now, when skeletochronological data are available for
more than 110 species of amphibians (in my database), it
is quite possible to do a comparison of various kind be-
tween the growth curves (more correctly — curves of de-
pendencies of the size on age). Despite of the abundant ev-
idence available, the studies on growth of amphibians in
nature, in my opinion, are only beginning.
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SPERM STORAGE IN TWO SPECIES OF SNAKES:
ASIAN PIT VIPERS Trimeresurus albolabris (GRAY, 1842)
AND Trimeresurus erythrurus (CANTOR, 1839), BRED
AT THE LENINGRAD ZOO TERRARIUM

E. R. Kamelin1 and Yu. A. Lukin1

Keywords: Viperidae, Serpentes, Trimeresurus albolabris, Trimeresurus erythrurus, breeding, sperm storage.

INTRODUCTION

Long term sperm storage in the subfamily Crotalinae
is known in North American temperate genera such as Ag-
kistrodon, Crotalus, and Sistrurus (Schuett, 1992).
Limited data has been published on delayed fertilization in
Asian pit vipers such as Calloselasma and Trimeresurus
(Kudryavtsev and Mamet, 2003). Therefore all new infor-
mation on long term sperm storage is of great interest.

We have documented long-term sperm storage in one
female white-lipped pit viper (Trimeresurus albolabris)
and 3 female red-tailed pit vipers (Trimeresurus eryth-
rurus).

MATERIAL AND METHODS

An adult female Trimeresurus albolabris caught by
Nikolai Orlov in a rocky region of Tam-Dao in Northern
Vietnam was brought into the collection of Leningrad Zoo
in 1997. Two males Trimeresurus albolabris were born in
1998 at the Department of Herpetology in Leningrad Zoo
as a result of breeding the above mentioned female. A
male and 3 females Trimeresurus erythrurus born in 1999
the Moscow Zoo and were received by our department
later that year.

These snakes are kept in glass terrariums measuring
500 � 300 � 500 mm. From spring till the middle of au-
tumn, they receive 12 h of daylight. The temperature was
kept between 27 – 28°C in the warm side of the terrarium;
20 – 25°C in the cold side during the daytime. During the
night time, the temperature was kept between 23 – 25°C in
the warm side, and 19°C in the cold side. Humidity was
kept between 75 – 85%.

Before hibernation, daylight period was gradually re-
duced. Snakes were hibernated at the same terrariums
where they were kept. The duration of hibernation was 1

month. Temperature was kept between 15 – 18°C, with the
average being 16.5°C. In 2002 hibernation began in De-
cember, while in 2003 it began in January. In 2003 the
red-tailed pit viper were not hibernated, however they
were kept at the same laboratory. Therefore there was a
2 – 3°C drop in ambient temperature.

When hibernation was completed, the daylight length
was gradually increased. Males were introduced to fe-
males when daylight reached 12 h.

Methods for keeping Asian pit vipers were discussed
in detail in our previous article (Kamelin and Lukin,
2000).

RESULTS AND DISCUSSION

On August 13, 2002, a female Trimeresurus albolabris
gave birth to 6 newborn snakes, 2 dead neonates and 2 in-
fertile ova. In 2002 this female had not been prepared for
reproduction. This female had given birth annually since
1998, so we decided to give her a year of rest.

On February 2, 2001, a male was introduced to a fe-
male and copulation was noted. Then during a period of
one month, two males were introduced to this female, one
at a time, second copulation was not noted. On 30 July
2001, this female gave birth to 11 newborn snakes, 2 dead
neonates, and laid 1 infertile egg. Later she fed normally,
was hibernated for a month, and continued to feed after hi-
bernation was completed. During this period, males were
never introduced to this female.

From the middle of May 2002, the female went with-
out food for 80 days before delivery. This coincides with a
starvation period in other gravid females (Kamelin and
Lukin, 2000).

On 13 August, delivery took place. This happened 2
months later than the parturition of a different female,
which copulated in 2002 and gave birth on 12 June. The
newborn snakes were normally developed, and their
weight and dimensions (Table 1) were identical to neo-
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nates born at the Department of Herpetology earlier from
other females (Kamelin and Lukin, 2000).

The average duration of gravidity for Trimeresurus
albolabris is 146 days according to data we obtained from
1998 to 2002. This means that fertilization occurred ap-
proximately at the beginning of March 2002. Therefore
sperm was stored in the female for a year.

A Trimeresurus erythrurus male was introduced to
several females in turn from the beginning of February
2002. However, sexual activity was noted only at the end
of May. From June through August, 6 copulations were
noted; two copulations took place with each female
(Table 2). From the second copulation till delivery, the
male was not introduced to the females.

Female No. 1 stopped feeding in November 2002. Be-
fore delivery she fed only two times. Females Nos. 2 and 3
refused to feed in January 2003, and never fed till delivery.
Breeding results are represented in Table 3.

The average duration of gravidity for Trimeresurus
erythrurus is approximately 150 days or 5 months (Ku-
dryavtsev et. al., 2002). In our case, the period from copu-
lation till delivery was significantly longer, 9 – 12 months
(Table 2). Therefore the duration of sperm storage would
never been 4 – 7 months.

All living newborn Trimeresurus erythrurus were nor-
mally developed, and their weight and dimensions
(Table 1) coincided with those of newborn specimens
from Moscow Zoo (Kudryavtsev et al., 2002).

Long-term sperm storage is known from different spe-
cies of the subfamily Crotalinae, who inhabit temperate
climate zones. It has been noted for species copulating
both in spring and autumn (Schuett, 1992).

In his fundamental work concerning this subject,
American herpetologist G. Schuett suggested that long-
term sperm storage could happen in species of Trimeresu-
rus from temperate climate zones. In Tam-Dao, the white-

lipped pit viper inhabits the temperate zone of tropical
mountains. During the winter period from the end of No-
vember till the beginning of March; the night temperature
in Tam-Dao is between + 8 – 12°C, day-time temperature
is +15 – 18°C. In June the night temperature is
+19 – 24°C, while the day-time temperature is from
+26 – 31°C (Orlov, 1997). At the Department of Herpetol-
ogy, white-lipped pit vipers are kept in similar conditions
to those found in nature (Kamelin and Lukin, 2000).
Therefore breeding of white-lipped pit vipers at Leningrad
Zoo as the result of long-term sperm storage provides evi-
dence for sperm storage in temperate species of the genus
Trimeresurus.

Copulation typically occurs 1 to 3 months earlier than
ovulation in the majority of tropical and subtropical spe-
cies which breed in the spring (Kudryavtsev and Mamet,
2003). However, several cases of longer sperm storage are
known (Table 4).

In our case, long-term sperm storage in female Trime-
resurus erythrurus could be related to being kept at a labo-
ratory where other animals were being hibernated. This
may have led to a decrease in ambient temperature in ter-
rariums. Two out three females Trimeresurus erythrurus
refused to feed beginning in January 2003. This coincides
with the beginning of hibernation to other snakes.

According to the data presented, it is reasonable to
conclude that long-term sperm storage in Crotalinae from
tropical and subtropical climate zones is an adaptation
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TABLE 1. Dimensions of Newborn Asian Pit Vipers

Species n
m, g L., mm L.cd, mm

min – max x min – max x min – max x

Trimeresurus erythrurus 27 3.0 – 6.8 5.6 156 – 212 193.5 26 – 59 44.1

Trimeresurus albolabris 6 2.5 – 5.5 4.5 173 – 191 188.6 33 – 41 38.2

n, Number of newborn snakes measured; m, weight of measured newborn snakes; x, average value.

TABLE 2. Chronology of Trimeresurus erythrurus Breeding

Female
number

First copulation Second copulation
Number of days from
copulation till delivery

Number of
starvation days

Date of parturition

1 June 18, 2002 August 7, 2002 324 – 274 164 May 7, 2003

2 June 2, 2002 July 19, 2002 367 – 320 151 June 3, 2003

3 June 15, 2002 July 12, 2002 359 – 332 156 June 8, 2003

TABLE 3. Results of Trimeresurus erythrurus Breeding

Number of females Living neonates Dead neonates Infertile ova

1 7 1 1

2 10 1* 2

3 10 1 1

*, Underdeveloped.



mechanism, which helps to preserve the gene pool under

unfavorable environmental conditions.
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TABLE 4. Data on Sperm Storage in Different Species of Crotalinae

Species Sperm storage duration Sources

Trimeresurus popeiorum 7 months Nickerson, 1974

Trimeresurus trigonocephalus 7 months and 7 days De Silva, 1983

Trimeresurus flavomaculatus 9 – 10 months Kudryavtsev and Mamet, 2003

Trimeresurus erythrurus 6 months Toriba et al., 1990



HABITAT VARIATION IN Rana arvalis OF NORTHEASTERN UKRAINE

I. Kotserzhynska1

Keywords: Rana arvalis, short-legged and long-legged forms, habitat differentiation.

INTRODUCTION

The moor frog, Rana arvalis Nilsson, 1842 is a widely
distributed Eurasian species ranging from eastern France
and the Netherlands in the west to Yakutia in the east, and
from the Polar Circle, southern Yamal Peninsula and
Putoran Plateau in the north to the southern part of the
Pannonian Basin, Altai Mountains, and Transbaikalia in
the south (Borkin, 1998).

Previously, the frogs of the Pannonian lowlands (in-
cluding Transcarpathian Ukraine) were assigned to a sepa-
rate subspecies R. a. wolterstorffi Fejérváry, 1919, while
frogs from the northern area of the Pannonian Basin were
recognized as R. a. arvalis Nilsson, 1842. The former sub-
species is characterized by slender habitat with longer
hind legs and larger body size (Fejérváry, 1919). Accord-
ing to Tarashchuk (1984), the long-legged form inhabits
both Transcarpathia and some central and southern regions
of Ukraine. Other authors, however, questioned the valid-
ity of R. a. wolterstorffi (Shcherbak and Shcherban, 1980;
Babik and Rafiñski, 2000). They suggested that the body
shape differences in this species may be resulted from the
phenotypic plasticity and clinal variation correlating with
local climatic factors. Moreover, genetic divergence be-
tween those groups proved to be relatively low (Rafiñski
and Babik, 2000). Indeed, R. arvalis demonstrated obvi-
ous clinal variation in the leg length (Toporkova, 1965;
Bannikov et al., 1977; Ishchenko, 1978): the southern
frogs have longer legs in comparison with that of the
northern latitudes.

In northeastern Ukraine, both forms of R. arvalis were
found in the same territory but in different habitats.

MATERIAL AND METHODS

The studies of R. arvalis populations were carried out
in 2000 – 2003 in the Desnyansko-Starogutskii National
Nature Park and adjacent territories (Sumy Oblast’, north-
eastern Ukraine, the forest zone, Fig. 1), throughout an

area of about 42 � 16 km. Four kinds of habitats were rec-
ognized: the coniferous forest, the deciduous forest, bogs,
and river meadows. 323 frogs were registered by the
transect sampling method. Among them, 110 individuals,
including males, females, and juveniles, were taken for
morphometric measuring (33 from a pine forest, 35 from
river meadows, 27 from oak-and-birch forests, 8 from a
wooded river bank, and 7 from a marsh). After treatment,
all animals were released to habitats, respectively. For
each frog 24 external measurements (in mm) were taken
with a calliper (with an accuracy of 0.1 mm): L., L.c.,
Lt.c., D.r.n., Sp.n., D.r.o., D.n.o., L.o., L.tym., D.tym.o.,
Sp.oc., Lt.p., Sp.p., L.m., D.p., Lt.m., F., T., C.s., D.p.4,
Lt.c.s., D.p.1, C.int., H.int. Eventually, 15 indices were
calculated: L.�L.c., L.c.�Lt.c., L.c.�Sp.n., L.c.�L.o.,
L.c.�L.tym., L.c.�D.r.o., Sp.oc.�D.r.o., D.p.1�C.int.,
T.�C.int., L.�T., F.�T., D.p.1�D.p.4, D.p.4�C.int.,
L.�(F. + T.), C.int.�H.int. 44 samples (817 specimens)
from Ukraine and 2 samples (46 specimens) from Russia
were analyzed with respect to the hind leg length. Standard
statistical methods (factor and cluster analyses, t-test)
were used. Calculations were performed using
STATISTICA 5.0.
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RESULTS AND DISCUSSION

In northeastern Ukraine, two kinds of R. arvalis were
identified: the short-legged form (ankle joint reaching the
frog’s eye) and the long-legged form (ankle joint reaching
the nostril or the end of snout). In deciduous forests (birch,
alder, and oak) and bogs, all 177 individuals were only
short-legged (100%). The majority of 146 frogs from
meadows and pine forests located along Desna River were
long-legged (78% from meadows and 78.1% from pine
forests), some of them had intermediate leg length (12.2
and 14.1%, respectively), and only few individuals were
with short legs (9.8 and 7.8%). However, these frogs with
short legs (9.8 and 7.8%) differed from short-legged frogs
inhabiting deciduous forests by other proportions, and by
these proportions they belonged to the long-legged form.

110 specimens taken from various habitats of the re-
gion were analyzed morphometrically by cluster and fac-
tor analyses. The analysis procedure has divided frogs into
two groups: the first one included specimens from decidu-

ous forests and bogs (the short-legged form), whereas the
second group contained specimens from pine forests and
meadows along Desna River (the long-legged form;
Figs. 2 and 3). Differentiation by sex and age did not affect
the division. The first group statistically differed from the
second one by shorter legs, shorter breadth of wrestle joint
and shorter breadth of foot. However, the short-legged
frogs had larger head, and eyes, larger distance between
nostril and snout, as well as larger distance between eye
and snout (Table 1).

Our examination of R. arvalis throughout Ukraine (44
samples, 817 specimens) revealed that almost all of Ukrai-
nian territory is occupied by the long-legged form. Only in
the northern part of Chernigov and Sumy Oblast’s (north-
eastern Ukraine, the forest zone), all 10 samples studied
(96 specimens) belonged to the short-legged form. By the
way, 2 samples (46 specimens) from the Russia’s forest
zone, situated far away north-east from Ukraine, contained
the short-legged frogs as well. It should be taken into ac-
count, that the most of Ukrainian territory belongs to the
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TABLE 1. Differentiation of Two Forms of Frogs (t-test p < 0.05)

Indices
“Short-legged” form (N = 52) (deciduous forests, bogs) “Long-legged” form (N = 68) (pine forest, meadows)

mean ± standard error range mean ± standard error range

L.c.�Lt.c. 1.03 ± 0.06 0.95 – 1.22 1.07 ± 0.06 0.93 – 1.2

L.c.�L.o. 2.41 ± 0.17 2.03 – 2.93 2.59 ± 0.19 2.23 – 3.4

L.�T. 1.93 ± 0.07 1.77 – 2.14 1.84 ± 0.06 1.66 – 1.98

L.�(F. + T.) 0.98 ± 0.04 0.91 – 1.08 0.94 ± 0.04 0.85 – 1.05

Parameters (normalized)

Dr.n. 1.05 ± 0.07 0.96 – 1.2 0.98 ± 0.06 0.76 – 1.09

Dr.o. 1.03 ± 0.05 0.93 – 1.13 0.99 ± 0.07 0.85 – 1.02

L.o. 1.07 ± 0.07 0.88 – 1.25 0.97 ± 0.06 0.76 – 1.02

Lt.p. 1.045 ± 0.07 0.93 – 1.2 0.98 ± 0.06 0.85 – 1.13

Lt.m. 0.85 ± 0.09 0.65 – 1.03 1.07 ± 0.08 0.93 – 1.34

Lt.cs. 0.94 ± 0.06 0.79 – 1.08 1.02 ± 0.05 0.86 – 1.15



steppe and forest-steppe zones, and the forest zone covers
the northern and mountain regions only. Our results, there-
fore, can be regarded as an evidence that, as a rule, the
long-legged form of R. arvalis inhabits the steppe and for-
est-steppe zones while the short-legged form occurs in the
forest one.

Thus, in northeastern Ukraine, the both forms of the
moor frog can be found, however, they inhabit different
habitats. It seems likely that the southern long-legged form
spreaded across steppe and disturbed areas (including pine
forests) near large rivers, while the short-legged form in-
vaded from Russia through native deciduous forests. In the
territory under the study, the two forms of Rana arvalis are
sympatric.

So far it is not possible to assert whether these forms
of the moor frog have genetic differences or they are
merely ecological races based on epigenetic phenomenon
(like some fishes). Appropriate genetic studies are going
to be arranged in the nearest future. However, the problem
is that the draught of the last two years caused a significant
decline in local populations of the moor frog. Further re-
search will only be possible if its populations will renew.
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THE RED DATA BOOK OF UL’YANOVSK OBLAST’: AMPHIBIANS AND REPTILES

V. Krivosheev1

Keywords: Red Data Book, biological diversity, amphibians, reptiles.

INTRODUCTION

The protection of biological diversity as a basis of bio-
sphere functioning is one of the most important problems
at present. An ecological-faunistical study of Amphibians
and Reptiles in many regions of Russia is a topical issue
because of insufficient in knowledge and decrease of the
numbers. The Ul’yanovsk Oblast’ is one of such regions. It
is an industrial-agrarian region where natural ecosystems
are strongly influenced. The most effective way to protect
vertebrates is to establish reserves and national parks.
However, there are no such territories in the Ul’yanovsk
Oblast’, but there are 14 protected areas where Amphib-
ians and Reptiles are included (Krivosheev, 2002). To
make recommendations for the conservation of amphibian
and reptilian diversity within the regional area, detailed
explorations of their distribution and ecology are neces-
sary.

MATERIAL AND METHODS

Materials for the Red Data Book are based on field
data collected by the author in 1979 – 1981, 1984 – 2002.
The protection status is determined with two characteris-
tics of a species: rarity and changes of the numbers (Anan-
jeva et al., 2004; Saksonov and Rozenberg, 2000). The
first index (rarity scale) characterizes the rarity of a spe-
cies within the region: 0 — has not been found lately
(5 – 10 years); 1, extremely rare; 2, very rare; 3, quite rare;
4, rare; 5, conditionally rare. The second index shows the
changes of the numbers: 0, unknown; A, quick decline; B,
slow decline C, annual changes of the numbers; D, stable
quantity; E, increase of the numbers.

RESULTS AND DISCUSSION

AMPHIBIANS
Triturus cristatus (Laurenti, 1768).
Order Caudata. Family Salamandridae

Status: Index 4�B. Rare, slow decline of the numbers.
Distribution: Found widely in the Ul’yanovsk Oblast’,

though its number is less than that of Triturus vulgaris. In
the southern raions (Pavlovka, Radishchevo, Staraya Ku-
latka) it is found mainly in forested gullies and ravines,
where it prefers forest habitats. In the northern areas the
species is mainly found in deciduous and pine-deciduous
forests. Biology: In the Ul’yanovsk Oblast’ it starts hiber-
nation at the end of October and it appears at the end of
April – beginning of May, when the air temperature is
+9 – 10°C and that of water is +6°C. Spawning lasts about
2 months; female spawns 80 – 600 eggs, but usually about
100 – 200. Larvae eat crustaceans: Daphnia, Cyclops, and
also larvae of Diptera. Metamorphosis finishes after
80 – 100 days; the larvae lose their tail fins and gills and
leave the water. Number: The number is not large; there is
a decline in the region. In Ul’yanovsk they are found in
Vinnovskaya grove and Victory Park (about 80 pairs were
registered). As a result of the construction of a new bridge
and a connecting road, original habitats were destroyed,
the hydrological regime was changed, and the number of
newts quickly decreased. Limiting factors: Anthropo-
genic changes of original habitats (melioration, pollution,
forest cutting), use of pesticides, collection for trade. Pro-
tection: Establishment of reserve areas, ban on catching,
reduction of anthropogenic influence, purification of wa-
ter and cleaning of water protection zones.

Rana temporaria Linnaeus, 1758.
Order Anura. Family Ranidae

Status: Index 5�D. Conditionally rare species, stable
number. Distribution: In the Ul’yanovsk Oblast’ the frog
is found in all raions in forest and grassland zones. It
prefers wet habitats near streams, wet grassy vegetations,
banks of marshes, rivers and lakes. In settlements it is
found in parks and gardens. Biology: Adults are usually
single but congregate during the breeding period and hi-
bernation. Hibernation starts at the end of September – be-
ginning of October, and takes place in frost-free small
rivers and springs. Appears in the middle of April, when
the water temperature is 7 – 8°C. Spawns 670 – 4000
eggs. The development of tadpoles lasts 49 – 90 days; they
eat algae and other plants. Young frogs eat Diptera, bee-
tles, caterpillars. Number: In the northern raions (Sura,
Inza, Karsun, Staraya Maina) the number of frogs is
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45 – 60 per 100 m of route. Changes of the numbers were
not investigated. In Ul’yanovsk the frog is found in Vic-
tory park, Vinnovskaya grove, Solovei ravine. Limiting
factors: Anthropogenic destruction of original habitats,
drainage, pollution of streams with silt and sewage, road
mortality during spring migration towards reservoirs,
freezing during cold wet winters. Declining as a result of
killing these non-popular animals. Establishment of pro-
tected areas, limitation of anthropogenic influence in set-
tlements. The frog is protected in following “hunting” re-
serves: Sosnovki, Surskii, Bazarnosyzganskii, Novoche-
remshanskii, Sengileevskii, Mainskii, “Surskie holmy,”
landscape reserve “Shilovskaya lesostep’.”

REPTILES
Emys orbicularis (Linnaeus, 1758).
Order Testudines. Family Emididae

Status: Index 2�0. Very rare species, changes of num-
bers unknown. Distribution: In the Ul’yanovsk Oblast’
found in Sura, Karsun, Ul’yanovsk, Terenga, Kuzovatovo,
Nikolaevka, Novospassk, Pavlovka, Melekess raions. Bi-
ology: The habitats are formed by rivers, lakes, ponds with
silt bottoms. Diurnal and crepuscular activity. Feeding: in-
vertebrates (larvae, dragon-flies, beetles, worms), tad-
poles, plants and algae. Hibernates on the bottom from the
end of October. Appears after winter at the end of April –
beginning of May, when the temperature is 5 – 10°C. Fe-
males lay 3 clutches (May, June, July) of 5 – 10 eggs in a
hole of 10 cm. Number: the total population within the
Ul’yanovsk Oblast’ is about 100 – 150 individuals (subpo-
pulations). Limiting factors: Anthropogenic destruction
of original habitats (pollution with sewage, disturbance of
breeding sites). Casualties by netting. Collecting for trade.
Protection: restriction of anthropogenic influence on hab-
itats, establishment of reserves, bans on the use of nets in
their habitats, prohibition of collecting.

Natrix tessellata (Laurenti, 1768).
Order Squamata. Family Colubridae

Status: Index 3�0. Quite rare, number unknown. Dis-
tribution: in the Ul’yanovsk Oblast’ found in Sura, Kar-
sun, Inza, Melekess, Kuzovatovo, Barysh, Sengilei, Cher-
dakly, Staraya Maina raions. Habitats near lakes and other
reservoirs. Prefers ravines, stony slopes of lakes and
rivers. Biology: diurnal activity, with tow peaks in the
morning and evening. Spends the most part of the daytime
in the water, but leaves it for the night. Eats fish, amphibi-
ans and small rodents. Hibernates from September – Octo-
ber not far from the water, single or in group conglomera-
tion (sometimes with Natrix natrix) in rodent holes, deep
clefts, old stumps. Appears at the end of April – beginning

of May. In the breeding period the snakes form groups, up
to ten individuals. Females lay 4 – 15 eggs at the end of
June – beginning of July. Number: data are absent. Limit-
ing factors: Anthropogenic changes of original habitats
(forest cutting, pollution with sewage). Use of electric
rods. Catching and killing (often confused with Vipera
berus). Protection: Restriction of anthropogenic influence
on habitats, establishment of reserve areas to decrease the
pressure from recreation. Bans on collecting. Education
and information booklets for school children and local
people.

Coronella austriaca Laurenti, 1768.
Order Squamata. Family Colubridae

Status: Index 3�0. Quite rare, number unknown.
Distribution: all raions of the Ul’yanovsk Oblast’, more
often in Bazarnyi Syzgan, Barysh, Kuzovatovo, Terenga,
Sengilei, Melekess raions, but the numbers are small ev-
erywhere. Biology: Habitats are pine and pine-deciduous
forests, where they usually prefer edges of forests, clear-
ings on hills, especially on sunny slopes. They use holes of
rodents and lizards, trunks, clefts in the ground as a refuge.
Hibernation at the same places, going to below the
frostline, from the end of September trough the beginning
of October. Appears at the end of March trough the begin-
ning of April. Females give birth to 2 – 15 young in Au-
gust. Number: in some raions (Bazarnyi Syzgan, Barysh,
Sengilei, Melekess) up to 3 snakes per 5 – 7 km of road
can be recorded. In other raions the number of snakes is
normally small. Limiting factors: Anthropogenic de-
struction of original habitats (forest cutting, use of pesti-
cides, disturbance). Death on forest roads. Destruction by
settlers as a result of misinformation and superstition. Pro-
tection: Restriction of anthropogenic influence on original
habitats; establishment of reserve areas; bans on catching;
education and information for local people.

Elaphe dione (Pallas, 1773).
Order Squamata. Family Colubridae

Status: Index 3�0. Quite a rare species, number un-
known. Distribution: in the Ul’yanovsk Oblast’ the spe-
cies is found in the Radishchevo raion. Prefers ravines,
grass slopes. Biology: Hibernates at the end of October in
rodent holes and under stones. Appears at the middle of
April. Females lay 8 – 15 eggs at the end of June – begin-
ning of July. Young of 220 mm length appear at the end of
September. Number: in the Radishchevo raion (Vyazovka
village and its surroundings) 1 – 4 snakes per km can be
found. Limiting factors: Anthropogenic changes of origi-
nal habitats (ploughing of grass slopes, over-grazing by
livestock); catching, killing. Protection: Restriction of
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anthropogenic influence on original habitats; establish-
ment of a landscape reserve in the Radishchevo raion,
4 km south from Vyazovka village for the conservation of
native grasslands. Bans on collecting. Education and in-
formation for local people.

Vipera renardi (Christoph, 1861).
Order Squamata. Family Viperidae

Status: Index 4�B. Rare species, slow decrease of the
numbers. Distribution: In the Ul’yanovsk Oblast’ in Ra-
dishchevo, Staraya Kulatka, Pavlovka, Kuzovatovo, Te-
renga, Sengilei, Melekess, Novaya Malykla, Novospassk,
and Ul’yanovsk raions. Biology: In the Ul’yanovsk Ob-
last’ it inhabits forest-grassland zones, grasslands, dry ra-
vines, slopes. Population density low. Rodent holes, clefts
in the ground, spaces between stones are used as refuges.
Hibernation at the same places, going to below the frost-
line. Appears in March – April. Pregnancy lasts 90 – 130
days. In August females give birth to 5 – 6 young of
120 – 180 mm in length. Number: over the region the
number is decreasing. In some raions (Radishchevo, No-
vospassk) up to 4 snakes per 1 km can be found. Limiting
factors: Anthropogenic destruction of original habitats

(ploughing of grasslands, use of pesticides and fertilizers).
Grazing by livestock. Death on roads during spring and
autumn migration. Destruction by settlers as a result of
misinformation and superstition. Protection: Restriction
of anthropogenic influence on original habitats; establish-
ment of reserve areas (Radishchevo, Novospassk, Staraya
Kulatka, Nikolaevka, Sengilei raions). Bans on catching,
education and information for the local people.
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THE CONTENT OF CHEMICAL ELEMENTS IN THE ORGANISM OF ANURA,
AMPHIBIA, AS AN INDICATOR OF THE ENVIRONMENTAL CONDITIONS

V. N. Kuranova,1 N. V. Baranovskaja,2 and L. P. Rikhvanov2
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INTRODUCTION

The biomonitoring of chemical elements content level
in an ecosystem has a great significance. Western Siberia
is distinguished by geochemical specificity and particular
functioning of industry, which form local zones of pollu-
tion, industrial biogeochemical provinces. The element
composition of biota on such territories have their speci-
ficity (Saet et al., 1990). The role of chemical elements in
living organisms are diverse: they are components of en-
zymes, vitamins and hormones, participants in biochemi-
cal processes, and may cause toxic effects on important or-
ganism functions. The excess or deficit content of differ-
ent chemical elements in living organisms may be caused
by both industrial pollution and the peculiarity of the envi-
ronment’s geochemistry. A study of regional specificity of
accumulation in organs and tissues of biological objects is
an urgent problem. Amphibia are the links of trophic
chains of land and fresh-water ecosystems and play an im-
portant role in the exchange of substance and energy be-
tween ecosystems of different biological cycles that pro-
motes their application as the test-objects in ecological
monitoring of the environment.

MATERIAL AND METHODS

The study of chemical elements content in the organ-
ism of amphibians Bufo bufo and Rana arvalis (Anura,
Amphibia) was carried out in 1992 – 1993 on territories
with different industrial burdens: the central part of Tomsk
(2 stations: University Grove, Yuzhnoe cemetery) and its
northern (6: SCIP, TPW, Kuzovlevo, Malinovka, Ok-
tyabr’skii) and southern (6: Botanical Garden, Radio
Plant, Stepanovka, Predtechensk, Kar’er, Timiryazevo)
suburbs, valleys of the rivers Tom’ and Ob’ (3: Monatka,
Porosino, Kaltai) and Kuznetsk Alatau (2 stations:
Lomachevka, Berikul).

The studied territory is characterized by the presence
of large enterprises: Tomsk Petrochemical Works (TPW),
nuclear fuel cycle enterprises (Siberian Chemical Inte-
grated Plant, SCIP), heat power industry as well as natural
anomalies (deposits of zircon-ilmenit ores in Malinovka,
gold-sulfide ores in Berikul). The contents of elements
was determined by INAA and x-ray micro spectrometry
analysis methods. Totally 289 organs and tissues (liver,
kidney, ovary, testicle, skin) of 112 specimens of B. bufo
and R. arvalis of both sexes and different ages were pro-
cessed. Data processing (correlation and cluster analysis)
was carried out with STATISTICA, Golden Surfer, and
EXCEL programs.

RESULTS AND DISCUSSION

The content of 28 elements (Ca, Zn, Br, Sc, Ce, Na, K,
Cr, Fe, Co, Se, Rb, Hg, Ag, Sb, Ba, La, Sm, Eu, Tb, Yb,
Lu, Hf, Ta, Au, Th, U, Cs), their distribution, Th�U and
La�Yb ratios, ratio of sums of light lanthanides (La, Ce)
to heavy (Yb, Lu) ones was revealed in Rana arvalis
and Bufo bufo specimens. According to Bowen (1966),
scheme 6 elements (Ag, Au, Cr, Hg, Sb, Zn) are very in-
tensive, 3 (Ba, Ca, Fe) are intensive, 5 (Br, Co, K, Na, Rb)
moderate, and 3 (La, Sr, Ta) are weak potential pollutants.

The data obtained show specificity in accumulation of
elements by different organs and species. The R. arvalis
skin reveals high content of Cr, Co, Hg, insignificant ex-
cess of Ba, Se, Br, K; liver — insignificant excess of Na,
Co, Sb, La, Au. The skin of B. bufo accumulates rare –
earth elements, Ag, Hf; kidneys — Zn, Br; liver — Tb
(Fig. 1).

The differences are concerned with details of a diet
and degree of terrestrial mode of life. As a whole, the most
sensitive organs, accumulating trace elements, are the skin
and the liver. The results confirm conclusions about varia-
tions in the element content of Anura amphibians organ-
ism depending on species, sex, age of specimens and the
concentration affinity of tissues and organs (Misyura,
1985; Leontjeva, 1990; Misyura et. al., 2003).
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At the same time, accumulation of chemical elements
corresponds with the geochemical situation of the investi-
gated territory (Rikhvanov, 1997).

The chemical composition of R. arvalis specimens on
the key territories is clearly distinguished by excess accu-
mulation of several elements: in Tomsk — Th, Zn, Rb, Tb,
Yb, Se; its northern suburb — Co, Rb, Sb, Cs, Au, Se, Br,
Eu, Sm; southern suburb — Th, Tb, Yb; river valleys —
Ba. The excess contents of chemical elements in the or-
gans are characteristic for amphibians of the influence
zones of Siberian chemical and Tomsk petrochemical inte-
grated plants (northern suburb), where ratio of the sum of
light lanthanides (La, Ce) to heavy (Yb, Lu) change

1.5 – 2 times, ratio La�Yb — 10 times the comparatively
medium levels on the investigated territory.

High values Th�U are characteristic for R. arvalis
populations in river valleys, low — for the northern sub-
urb of Tomsk. A number of R. arvalis populations (Mali-
novka, Berikul) reveal a wide spectrum of the element
composition, which reflects a natural biogeochemical
specificity of the territories and is confirmed in geochemi-
cal rows of element concentration. Geochemical rows are
constructed by concentration indices relatively klark liv-
ing substance (Sokolov, 1990) and permit the disclosure of
the sources of ingress of elements into the environment
and the amphibian organism (Table 1).

The geochemical specificity of amphibian specimens
from river Tom’ valley (Kaltai) attributed to the substance
transgression from the neighboring territories, what is
confirmed by works of a number of authors (Adam et al.,
1994; Schatilov, 2001). At the same time, accumulation
rows in the Kaltai R. arvalis population coincides with the
same for populations from the territories with natural
anomalies (Malinovka, Berikul). The industrial influence
on the amphibian organism is reflected in schemes of the
element distribution, levels of accumulation, and geo-
chemical associations. The chart of cobalt distribution
shows the primary influence of the Northern industrial
center on amphibian specimens from northern Tomsk sub-
urb (Fig. 2). The halo coincides with the zone of excess
concentrations of Co60 in aerosol and dust fallouts in
building attics of the settlements (Merkulov et al., 1996); a
hair and blood composition of population of the district
(Baranovskaja and Rikhvanov, 2002).

In the R. arvalis populations from the rivers Tom’
(Kaltai, Porosino) and Ob’ (Monatka) valleys elements
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Fig. 1. The contents of chemical elements in different organs of amphibians: abscissa, elements; ordinate, log of concentration, mg�kg.

Fig. 2. The scheme of cobalt distribution of Rana arvalis specimens
through Tomsk suburb zone.



which are characteristic for heat power and nuclear fuel
cycle industry discharges are accumulating (Au, Se, Hg,
Hf, Co, Cr, Na, Ag).

The analysis of the dendrogram correlation matrix of
element composition of amphibian tissues from the stud-
ied territory reveals several associations of chemical ele-
ments: 1 — Sm, Hf, La, Fe, Ce, Cr, Sc, and U, Ag; 2 —
Lu, Na, Zn, Ta, Eu, Tb, K, Sb; 3 — Co, Au, Cs, Rb, Se;
4 — Hg, Yb, Ba (Fig. 3).

The similar element associations are recorded in other
habitats of the region (Rikhvanov, 1997). Existence of the
associations reflects a complex polyelement influence on
the environment, confined to amphibians, of the industry
(TPW, SCIP, etc.) and the natural anomalies.

Thus, use of the biogeochemical examination method
by trace element composition of a biological objects also
amphibians, may be successful for the evaluation of
ecosystem pollution and ecological specification of the
territory.
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TABLE 1. Geochemical Rows of Elements Amassing in R. arvalis Organism (according to Sokolov, 1990)

Points Geochemical specter

SCIP Au227 Se136 Sb82 Hg67 Hf15 Na8 Co6 Br5 Ag4 Cr4 U4 Zn2 Rb1 Ba1 K1 Fe1 Ca0.2 Cs0.1

TPW Au863 Se323 Sb200 Hg60 Co17 Hf10 Na8 Cr8 Br4 Ag4 U4 Zn4 Rb3 Ba2 Fe2 K2 Ca0.6 Cs0.3

Kuzovlevo Au1299 Sb433 Se380 Hg143 Hf22 Na11 Co10 Cr9 Rb5 Zn4 U4 Br4 K2 Fe2 Ba2 Ag1 Ca0.3 Cs0.1

Kopylovo Au800 Se300 Hg33 Co32 Hf10 Na10 Br6 U4 Rb4 Zn3 Fe2 Ag2 K1 Sb1 Ba0.2 Cr0.2 Ca0.2 Cs0.1

Malinovka Au413 Se325 Hf265 Cr225 Ag87 Fe17 U16 Na10 Br8 Co6 Ba3 Zn2 Ca0.5

Oktyabr’skii Au376 Se290 Sb164 Hg124 Br13 Na13 Hf10 Co7 Cr5 Rb4 U4 Zn3 Ag3 K2 Fe1 Ca0.5 Ba0.5 Cs0.1

University Grove Se415 Au100 Sb78 Hg78 Hf29 Na10 Br9 Zn9 Co7 Ag6 U4 Cr2 Rb2 K1 Fe1 Ba1 Ca0.1 Cs0.1

Yuzhnoe cemetery Se120 Sb83 Hg43 Ag19 Hf10 Na9 Br8 Au5 Zn4 U4 Co3 Fe2 Ba2 Rb1 K0.7 Cr0.5 Ca0.1 Cs0.1

Botanical Garden Sb343 Au263 Se118 Hg55 Hf34 Ag8 Na7 Br6 Cr6 Zn4 U4 Co3 Rb2 Ba2 Fe1 K0.4 Ca0.1 Cs0.1

TRTC Hf30 Na20 Br14 Au10 Sb10 Zn10 U8 Hg2 Ag2 K2 Se1 Ba0.3 Rb0.2 Cr0.1 Ca0.02 Cs0.03 Co0.01 Fe0.01

Stepanovka Sb114 Au100 Se74 Hg60 Na9 Br5 U4 Cr4 Zn3 Rb3 Hf3 Ag3 Co2 Ba2 Fe1 K1 Ca0.1 Cs0.1

Predtechensk Au100 Hg68 Sb67 Se30 Na9 Br8 Cr4 U4 Hf3 Zn3 Co2 K2 Ag1 Rb0.6 Ba0.4 Fe0.3 Ca0.1 Cs0.1

Kar’er Au777 Sb234 Se153 Hg63 Hf24 Na7 Br6 Zn5 Ag5 Co4 U4 Rb2 Cr2 Fe1 Ba1 K0.6 Ca0.1 Cs0.1

Timiryazevo Au393 Se127 Hg67 Sb34 Ag29 Hf13 Na13 Br8 U4 Zn3 Rb2 Co2 Ba1 Fe1 Cr1 K0.7 Ca0.3 Cs0.1

Monatka Au563 Se280 Hg182 Sb50 Ag15 Na12 Co12 Hf10 Br5 Zn4 U4 Cr3 Ba3 Rb3 K2 Fe1 Ca0.3 Cs0.2

Porosino Se253 Hg167 Au100 Sb29 Cr8 Co8 Ba7 Br7 Zn4 U4 Na3 Hf3 Fe2 Rb1 Ag1 K0.4 Ca0.1 Cs0.1

Kaltai Se270 Cr224 Hf185 Au115 Br25 Fe13 Na9 Co5 Ag5 U3 Zn2 Ba2 Ca0.5

Lomachevka Au525 Se90 Sb53 Hg45 Br27 Na11 Hf10 Zn4 U4 Rb2 Co2 Ba2 Ag1 K0.6 Fe0.4 Ca0.3 Cs0.1 Cr0.05

Berikul Se245 Hf170 Cr165 Au109 Ag54 Br24 K17 Fe9 Na7 Co6 Ba4 Zn2 Ca0.5

Black, 100 and higher; dark-gray, from 10 to 100; light-gray from 1 to 10; white; 1 and lower.
The rows show the geochemical specifics of environment the animals live in, influenced by natural and technical factors. This, natural anomalies in
Malinovka (the deposit of zircon-ilmenit ore) and Berikul (gold-sulfide deposit) are determined as complexes containing apart from gold such elements
as iron, chrome, hafnium, uranium, brome, and the other elements. The high maintenance of zinc in TRTC is induced by the auto road, antimony in dif-
ferent points of investigation appears as a result of the influence of oil plants and petrol stations.
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Fig. 3. The dendrogram correlation matrix of the geochemical spectrum
of Rana arvalis specimens. (1-Pearson r0.5 = 0.5).
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THE STUDY OF THE ECOLOGICAL NICHE SEGREGATION FOR SYMPATRIC
SPECIES OF LIZARDS Lacerta agilis AND Zootoca vivipara

V. N. Kuranova,1 S. V. Patrakov,1 N. A. Bulakhova,1 and O. A. Krechetova1

Keywords: Lizards, sympatry, ecological niche, home range.

Sand and viviparous lizards, Lacerta agilis and Zooto-
ca vivipara belong to Lacertidae family. Both species are
widely spread in Palearctic zone. Due to the high number
and ability to accumulate a considerable amount of bio-
mass in the forest zone, lizards play an important role in
the substance and energy transformation in biocenoses
(Gasso, 1987). L. agilis and Z. vivipara within the bounds
of their extensive natural habitat, that includes also the
South of Western Siberia are represented both by allopat-
ric and sympatric populations.

The information on the relationship between the sym-
patric species of reptiles, in particular Lacertidae is of
fragmentary character (Strijbosch, 1986; Glandt, 1987).
The analysis of the relationship among sympatriants is
connected with the concept of “ecological niche” (Ananje-
va, 1981; Pianka, 1981; Tuniyev and Beregovaya, 1986;
Shenbrot, 1986). The aim of this work is to study the rela-
tion between the sympatric species, L. agilis and Z. vivi-
para, in South-West Siberian boreal coniferous forest.

MATERIAL AND METHODS

Researches and gathering of the material were carried
out since May up to the end of September 2002 – 2003 in
the environs of Tomsk, on two experimental plots (800 m2

on the swath and 2100 m2 in the pine forest). The first ex-
perimental plot was split into 464 squares, the second one
into 319 squares (2 � 2 m each), respectively. In each
square the numbers of individuals of L. agilis and Z. vi-
vipara were calculated. Capturing of lizards was done by
hands; marking was done by paint from molt to molt and
by amputation of digits (Kuranova et al., 1986). Activity
was determined by the results of marking and recapturing,
chronometry of behavioral acts was also used (Dinesman
and Kaletskaya, 1952; Darevsky, 1987). 69 excursions and
8 daily registrations were held. 171 individuals of both
sexes and different ages were marked. The analysis of diet
ingredients was done on the basis of excrements and using

the method of gastric lavage (Kuranova and Kolbintsev,
1983).

The following indexes were taken for the estimation of
the ecological niche occupied by the species:

1. Width of the ecological niche was calculated with
help of Simpson index:

D
pi

�
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2

,

where pi is a portion of a resource in the general range of re-
sources used by an individual (Shenbrot, 1986).

2. Degree of overlapping of ecological niche was cal-
culated as a probability of interspecific meetings (Pianka
index — Cij):
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where pij and pjh are probabilities of the use of h resource by i
and j species, respectively (Shenbrot, 1986).

3. Nutrition spectrum — set of food objects (%), con-
sumed by an individual or a group of individuals (Darev-
sky, 1987).

Statistical data processing was done according to tra-
ditional methods (Rokitsky, 1967; Lakin, 1980), and using
of application programs (Excel 7.0, STATISTICA 6.0).
The difference between averages was found with the help
of a non-parametric criterion of Mann – Whitney (U-test),
the degree of correlation in its turn was estimated with the
help of Spearman quotient (rsp).

RESULTS AND DISCUSSION

Spatial constituent of the ecological niche. The co-
habiting species of lizards differ in the way they use their
territory. L. agilis has its own home range [an area re-
stricted by the extreme points of the more or less frequent
visits of the given individual — for the animals that have
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permanent or temporary individual ecotope (Reymers,
1990)], which is conditioned by the strongly expressed ter-
ritorial behavior typical for this species. Home ranges of
adults, especially males, are rarely overlapped (Fig. 1A).
Males are more active than females when mating. They
can be more frequently met in the overlapping zone of
their individual territories with the ones of females
(Fig. 1A). These tendencies are marked in the works of dif-
ferent investigators (Dinesman and Kaletskaya, 1952).
The average square of an individual home range of L. agi-
lis adult males is 133.9 ± 19.5 m2 (limit 114.4 – 153.4 m2),
and that of adult females is 56.9 ± 28.5 m2 (limit 36.9 –
76.9 m2), respectively.

The size of home range varies during the whole active
season. By the end of July – the beginning of August the
length of home range [a maximum length between points
of finding the observed individual, which is a relative
characteristic (Nerouchev and Kopoustina, 1983)] of adult
males decreases to 10 – 15 m. The length of home range
of females increases to 3 – 5 m. Females consume much
food after laying eggs. An increasing competition exists

between L. agilis and Z. vivipara. Viviparous lizards com-
pete for food and territory because of their offspring of the
current year.

Viviparous lizard tend to live in groups. That affects
the whole active period: adults have overlapping home
ranges during this period. The size of home range of Z. vi-
vipara is difficult to determine because of the lack of re-
curring marked species. According to the data collected by
Pilorge and Xavier (1981) the average size of a male indi-
vidual home range of Z. vivipara is about 540 m2. Males
are more active in warm days. They can move to 60 m and
more. They are sure to come back by the end of the day
(Buschinger and Verbeek, 1970). Lizards do not stay
within the same home range, the size of which constantly
varies (Buschinger and Verbeek, 1970; Pilorge and Xavier,
1981).

The average length of moving (a distance between the
first and the second point of meeting) of Z. vivipara adult
is 1.5 – 2 times more than that of L. agilis. It decreases
during the active season (Table 1). Decreasing of this aver-
age is more typical of L. agilis because it possesses its in-

172 Herpetologia Petropolitana, Ananjeva N. and Tsinenko O. (eds.), pp. 171 – 175

�� ��
�� ��

A B

Fig. 1. Individual home ranges of males and females of Lacerta agilis (A) and Zootoca vivipara (B) (the environs of Tomsk, 2003).

TABLE 1. The Features of Spatial Dispensation of the Sand and Viviparous Lizards, Lacerta agilis and Zootoca vivipara (the Environs of Tomsk,
2003)

Sex Age group Indexes
Length of home range, m Length of moving, m

L. agilis Z. vivipara L. agilis Z. vivipara

Males Adultus x ± msx 17.4 ± 8.7 33.0 ± 18.7 11.4 ± 3.6 17.0 ± 9.0

limit 8.2 – 26.0 14.3 – 51.7 3.2 – 26.0 1.7 – 51.7

n 5 2 15 10

Females Adultus x ± msx 6.0 ± 3.5 12.5 ± 5.1 5.1 ± 2.5 11.3 ± 5.1

limit 2.0 – 9.0 1.9 – 42.3 2.0 – 9.0 1.9 – 42.3

n 3 8 11 15

Males Subadultus x ± msx 7.5 ± 3.0 8.2 ± 3.7 5.0 ± 1.3 6.1 ± 2.5

limit 4.0 – 11.0 3.0 – 16.0 1.2 – 11.0 1.6 – 16.0

n 6 4 14 14

Females Subadultus x ± msx 4.0 ± 2.8 4.6 ± 0.6 3.2 ± 1.6 4.1 ± 0.7

limit 3.0 – 5.0 4.0 – 5.3 2.0 – 5.0 3.0 – 5.3

n 2 2 7 5

Note. n, sample number; limit, limits of values; x ± msx, average and its bias.



dividual home range and permanent shelters. The differ-
ence between the averages of subadultus of both species is
slight (subadultus males U = 80, p = 0.44; subadultus fe-
males U = 55, p = 0.85).

The spatial constituent of ecological niche of L. agilis
in the year 2002 was 1.3 times higher than that of Z. vi-
vipara, in the year 2003 the constituent is 1.3 times lower,
respectively (Table 2). In 2003 the observations were
made on a different experimental plot (S = 2100 m2) where
microclimatic conditions were better for the viviparous
lizard, because there were a lot of shelters under felled
trees and fallen leaves. This is supported by other authors’
data (Glandt, 1987; Zamolodchikov and Avilova, 1989).

The temporary constituent of ecological niche.
Both lizards are active during day time. The largest num-
ber of L. agilis was noticed on plots under analysis from
May till June. Z. vivipara in its turn was most active from
May till July. The springtime activity is related to the mat-
ing season. The number of Z. vivipara increased sharply
on the experimental plot in 2002 (beginning from July, 17)
and in 2003 the increase was related to appearance of the
youth of the current year (starting from July, 3). The daily
activity of Z. vivipara does not change in June – July and
has two peaks of intensity — 11 a.m. and 4 p.m. (Fig. 2).
Sand lizard has 2 peaks of the most intense activity
(11 a.m and 4 p.m.) in June and only 1 in July which shifts
to 2 p.m. It reduces the competition between the 2 species
as the number of Z. vivipara rises considerably because of
the youth. By the end of the summer a day active time of

both species shortens, August is the month when the off-
spring display the highest activity.

The size of L. agilis is bigger (L = 78.8 – 89.9 mm)
and it gets warm and cools down slower that is the reason
why it becomes active later and remains the same longer.
Z. vivipara is smaller in size (L = 48.8 – 72.4 mm), that is
why it starts and ceases to be active earlier, this fact is also
confirmed by Strijbosch (1986).
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TABLE 2. The Characteristics of Ecological Niche of Lacerta agilis
and Zootoca vivipara (the Environs of Tomsk, 2002 – 2003)

Terms
of observations

Constituents
of ecological

niche

The width of constituent
of ecological niche, D

The overlapping
of constituents,

Cij
Lacerta
agilis

Zootoca
vivipara

2002

Spatial
constituents

41.9 31.2 0.16

2003 47.1 62.9 0.36

June 2003 39.4 25.8 0.21

July 2003 13.5 55.8 0.15

06�20�2002

Temporary
constituents

6.84 8.94 0.85

07�14�2002 3.57 2.67 0.78

07�24�2002 8.40 6.57 0.69

06�25�2003 4.88 4.57 0.59

07�03�2003 1.80 5.35 0.43

08�03�2003 4.48 6.53 0.54

08�24�2003 1.00 6.61 0

2002 Trophic
constituents 7.07 6.78 0.78
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Fig. 2. Chronograms of Lacerta agilis and Zootoca vivipara activity during the summer time (based on daily census data): A, June 20, 2002; B, July 27,
2002.



Temperature of air and soil, cloudiness, humidity, and
wind influence the character and dynamic of seasonal and
daily activity of Lacertidae (Yablokov, 1976; Nuland and
Strijbosch, 1981; Kuranova, 1983; Damm et al., 1987). In
June – July the fluctuations of temperature are slight, that
is why the dependence of lizard activity on the air tem-
perature is minimal. With the cloudiness and humidity ris-
ing the activity of the sand lizard goes down (rsp = –0.65,
p � 0.005; rsp = –0.52, p � 0.005, respectively) and that of
the viviparous lizard goes up (rsp = 0.65, rsp � 0.005;
rsp = 0.52, p � 0.005).

The width (D) of the temporary constituent of ecologi-
cal niche of both species reduces during the activity sea-
son: in June the width of the temporary constituent of the
sand lizard ecological niche is 1.2 – 1.3 times bigger than
that of the viviparous lizard. From July till August the
width of the temporary constituent for Z. vivipara is bigger
than that for L. agilis (Fig. 3). The maximal overlapping of
temporary constituents typical of sympatriants is observed
in June (Table 2), when the peaks of their seasonal and
daily activity concur (Fig. 2A).

The competition for food and territory goes down ow-
ing to the smaller overlapping (Cij) of temporary niche
during the season.

Trophic constituent of ecological niche. The trophic
spectrum of L. agilis is wider judging by the fact that no
representative of Gastropoda class (Mollusca phyum) and
no adult individual of Lepidoptera (Insecta class, Arthro-
poda phillum) were found in the Z. vivipara gaster
(Fig. 4). The viviparous lizard shows a certain selective
type of eating habits. The width of trophic constituent of
ecological niche typical of the sand lizard is not much big-
ger than the one typical of the viviparous lizard. Accord-
ing to Hutchinson’s rule the competition is lessened be-
cause of the smaller size of viviparous lizard jaws (big
alimental objects consumed by sand lizards are not avail-
able) (Giller, 1988).

The maximal overlapping (Cij) 0.85 is equal to the
overlapping of temporary constituents of ecological niche,
0.75 is equal to the overlapping of trophic constituents
(Strijbosch, 1986). The overlapping of spatial constituents
is minimal and is 0.15 to 0.36 (Table 2).
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To sum up all above-mentioned, differences in body
size, strategy of multiplication and territory usage, species
peculiarities of daily and seasonal activity, selectivity in
the size of alimental objects contribute to the coexistence
and less tense competition of sympatriants L. agilis and
Z. vivipara.
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A COMPARATIVE SKELETOCHRONOLOGICAL ANALYSIS
OF DEMOGRAPHY OF FOUR AMPHIBIAN SPECIES (ANURA, RANIDAE)
FROM IVANOVO OBLAST’, EUROPEAN RUSSIA

O. Lazareva1

Keywords: frog, longevity, age of maturity, age structure.

INTRODUCTION

Skeletochronological method of age determination
permits obtaining information on growth rates, age at sex-
ual maturity, duration of life, and ratio of different age
groups in amphibian populations in the temperate zone.
The study of widely distributed species is of particular in-
terest, as the age structures of the populations in different
localities can reflect characters of population dynamics.
Some of the demographic characteristics (longevity, age of
maturity) are effected by the latitude and the climate of the
territory (Hemelaar, 1986).

The aims of the present work were as follows: 1) for
the first time for species from Ivanovo Oblast’ (European
Russia) on vast material to establish the basic demo-
graphic characteristics of the frogs populations by skeleto-
chronology; 2) to compare demographic data on four spe-
cies from the same territory in light of their life strategies.

MATERIAL AND METHODS

The study was conducted in Ivanovo Oblast’ (Euro-
pean Russia), in 1994 – 2000. Femurs from 1233 individu-
als of the frogs were sectioned and examined to estimate
the age of the frog individuals by the methods of Kleinen-
berg and Smirina (Kleinenberg and Smirina, 1969; Smiri-
na, 1972). Sections were examined at least three times us-
ing a light microscope with phase-contrasting appliance
(Shaldybin, 1987). Endosteal resorption was established
by the method of comparison of the LAGs (Lines of Ar-
rested Growth) diameters (Hemelaar, 1986).

Frogs were captured in 15 populations, most of
them — in 10 populations: 234 individuals of Rana lesso-
nae, 384 individuals of R. ridibunda, 569 individuals of
R. temporaria, and 46 individuals of R. arvalis.

RESULTS AND DISCUSSION

The skeletochronological method has been used for
age determination in a great variety of different amphibian
taxa, because it is based on the assumption that layers of

new bone are added annually during the life of the individ-
ual and the resting lines reflect hibernations (Smirina,
1972; Acker et al., 1986). Skeletochronological age deter-
mination has been conducted in Caudata (Hynobiidae, Sa-
lamandridae) and Anura (Discoglossidae, Bufonidae, Hy-
lidae, Leptodactylidae, Ranidae): Hinobius kimurae (Mi-
sawa and Matsui, 1999), Triturus alpestris (Guyetant et
al., 1995), T. marmoratus (Caetano et al., 1985), Mertensi-
ella luschani (Leskovar et al., 1998), Batrachoseps attenu-
atus (Wake and Castanet, 1995), Bombina variegata (Sei-
del, 1992; Guarino et al., 1995), Bufo raddei (Kuzmin and
Ischenko, 1997), B. americanus (Acker et al., 1986; Kalb
and Zug, 1990), B. bufo (Hemelaar and Gelder, 1980; Smi-
rina, 1983; Hemelaar, 1986, 1988), B. gargarizans (Laza-
reva, 1998), Pseudoacris crucifer (Lykens and Forester,
1987), Physalaemus biligonigerus (Martino et al., 1999),
Rana sylvatica (Bastien and Leclair, 1992), R. temporaria
(Smirina, 1972; Ryser, 1988; Esteban, 1990; Guyetant et
al., 1995), R. pipiens (Leclair and Castanet, 1987), R. dal-
matina and R. italica (Guarino et al., 1995), and other spe-
cies. Our research is the attempt to apply this method for
aging and demographic studies of Rana lessonae, R. ridi-
bunda, R. temporaria, and R. arvalis from Ivanovo Oblast’
(European Russia).

Endosteal resorption in femur completely destroys
only LAG1 in 59 – 63% of adults of R. temporaria,
65 – 73% of adults of R. lessonae, 23 – 67% of adults of
R. ridibunda in our study populations. In addition to it
LAG2 is destroyed in 11 – 29% of adults of R. temporaria,
23 – 35% of adults of R. lessonae, 33 – 77% of adults of
R. ridibunda.

The maximum age of the frogs from Ivanovo Oblast’
was found to be 5, 6, 7, 7 years for R. lessonae from differ-
ent localities, 7, 7, 7, 11, 11 (12) years for R. ridibunda, 7,
8, 9, 9 years for R. temporaria, and 9 years for R. arvalis.

Similar data are known for Central Russia. In Moscow
Oblast’ the females of moor frog (R. arvalis) usually are
able to reproduce up to the age of 6 years, sometimes up to
the age of 9 years (Cherdantsev et al., 1997). In the same
region the common frogs (R. temporaria) live up to the
age of 9 years (Kleinenberg and Smirina, 1969). In the
Volga–Kama region the pool frogs (R. lessonae) live up to
the age of 7 years, and only a few of them, up to 8 – 12
years, the lake frogs (R. ridibunda), also up to 7 years,
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sometimes, up to 11 years (Shaldybin, 1976). On the terri-
tory with a milder climate (Leningradskaya Oblast’) pool
frog lives up to the age of 6 years (Borkin and Tikhenko,
1979). In northern and mountain populations frogs live
longer: for example, R. temporaria from Northern Alps
lives up to 15 years (Guyetant et al., 1995).

In the frog populations of Ivanovo Oblast’ longevity of
females is usually more than that of males: 1 – 2 years for
R. lessonae and R. arvalis, 1 (0 – 2) years for R. ridibunda,
0 – 1 years for R. temporaria. In one R. temporaria popu-
lation males are older than females.

Longevity of R. temporaria decreases in abundant
populations or in recreation zones (the town of Ples), or in
populations with very low density (Rusino Village, Yuzha
Raion). Longevity of R. lessonae decreases in urbanized
territories (Ivanovo City). Longevity of R. ridibunda de-
creases in urbanized territories (Ivanovo City), in popula-
tions with low density (Rusino Village, Yuzha Raion), or
under similar conditions with numerous R. lessonae
(Shuya Raion).

Mean age of adults in various populations is variable,
especially in R. ridibunda (distinctions reach to 2.9 years
for males and 3.3 years for females). In the same popula-
tions interannual variations of age structure are more pro-
nounced in R. ridibunda. This is likely to be connected
with the longer length of life of this species on the whole
in comparison with that of the three other species, which
results in larger varieties of the types of the population
structures.

Because of delayed maturity, adult females are on av-
erage older than adult males: in R. lessonae, on 0.7 – 1.0
years, in R. ridibunda, on 0.6 – 1.4 years (except the popu-
lation from Shuya Raion), in R. temporaria, on 0.3 – 1.1
years in different populations. Females are significantly
older than males in 83% of R. ridibunda samples, in 60%
of R. lessonae samples, and only in 33% of R. temporaria
samples.

R. temporaria attains sexual maturity at the age of
2 – 5 years, mainly at 3 – 4 years. In R. temporaria popu-
lations with longevity of 7 years, the frogs reach sexual
maturity earlier (at 3 years) than in the ones with 8 – 9-
year longevity (at 4 years on the average). R. lessonae
reach sexual maturity at 2 – 4 years, mainly at 3 or 3 – 4
years. R. ridibunda matures later — at 3 – 6 years, mainly
at 4 – 5 years.

There were found very variable demography charac-
teristics (especially in R. ridibunda populations): 5 (3 – 6)
years for R. temporaria, 5 – 6 years for R. arvalis, 4 (3 – 5)
years for R. lessonae, and 6 (4 – 8) years for R. ridibunda.
It is determined by different size of the generations.

Summing up the results of our investigation we tried
to compare the demographic characteristics obtained by
the using of the skeletochronology method for four species
of Rana genus of the same area (Fig. 1). The following
characteristics of the life strategies of the species have
been found:

1. Species of genus Rana with the least longevity
(such as Rana lessonae) attain sexual maturity earlier and
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have maximal sexual dimorphism in age demographic
characteristics.

2. Species with the largest longevity (Rana ridibun-
da) is characterized by the largest interpopulation variabil-
ity of age compositions of adult part of populations.

3. Rana temporaria has minimal sexual dimorphism
in attainment of sexual maturity.
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ENVIRONMENT AND BODY TEMPERATURES OF REPTILES
IN VOLGA–URAL REGION

N. Litvinov1 and S. Ganshchuk1

Keywords: body temperature, thermopreferenda, cardiac electrical activity.

INTRODUCTION

A number of studies have been dedicated to the ther-
moregulatory mechanisms of ectotherms (Sergeyev, 1939;
Chernomordikov, 1943; Khozatsky, 1959; Pianka, 1975;
Hutchison, 1976; Hutchison and Maness, 1979; Bartholo-
mew, 1982; Huey, 1982; Cherlin, 1983; Cherlin and Mu-
zychenko, 1988; Cherlin and Chikin, 1991; Hutchison and
Dupre, 1992; Du Wei-Guo et al., 2000; Blumberg et al.,
2002; Sartorius et al., 2002; Franklin and Seebacher, 2003).

The majority of ectotherms, when taken in the same
temperature ranges, warm up more rapidly than cool
down. This so-called thermal hysteresis is usually con-
nected with the changes in bodily thermal conductivity, re-
sulting in blood vessel diameter change (Bartholomew
et al., 1965; Myhre and Hammel, 1969). Some amphibians
and reptiles thermoregulate by evaporation. These thermo-
regulatory reactions, as well as the behavioral ones, are af-
fected both by environment temperatures and brain stem
and core temperature (Crawford and Barber, 1974). The
rate of heat exchange with the environment is under neural
control in reptiles. The rate of the reptile-environment heat
exchange is neurally controlled due to cardiac output
changes and blood redistribution. Thermoregulatory be-
havior helps reptiles to avoid overheating, though under
some circumstances they may be subject to subcritical
temperatures. In such cases the thermal tolerance is lim-
ited by functional capabilities of the cardiovascular system
and its regulatory mechanisms.

We studied the changes of the electric cardial activity
as reaction to extreme temperature influence.

MATERIAL AND METHODS

The environment, body temperatures and their ratios
have been studied for 11 species of snakes and lizards (An-
guis fragilis, Eremias arguta, Lacerta agilis, Zootoca vivi-
para, Natrix natrix, N. tessellata, Elaphe dione, Coronella
austriaca, Vipera berus, V. nikolskii, V. renardi). The tem-

peratures were taken with sensor thermistors at the eight
body spots for lizards: the top and the bottom of a head,
back and belly, the top and the bottom of a tail in the mean
(external temperatures), esophagus and anus (internal tem-
peratures). For snakes the temperatures at the top and the
bottom of a head, back and belly, esophagus and anus were
taken. The topography of body temperatures at different
environment temperatures was studied.

Sometimes we were measuring the heat flux density
(irradiance) (W�m2) of the solar incident radiation and of
that emitted from the surface, rather than the temperature.
The special spiral heat flux sensor was used in the mea-
surements. This particular sensor was selected due to its
favorable operating characteristics such as high sensitivity
and tiny dimensions that made it possible to carry out lo-
calized measurements. Environment temperature mea-
surements have been correlated with the duration of daily
activity. First of all, we should remark that we were term-
ing esophagus temperature as the “body temperature.” For
the vast majority of cases this temperature is somewhat
higher than the anal temperature (Table 1). In this paper
we are using some widely accepted terms as the body and
environment temperature optima, the maximum and mini-
mum voluntary activity temperatures and the temperature
range of activity. The correlation ratio (h) has been derived
in order to reveal the degree of dependence between the
body and the surface temperatures, as well as for the sur-
face air (3 – 5 cm above the surface) temperatures. These
data are summarized for the snakes in Table 1.

Cardiac activity was registered with needle electrode
of a single channel portable cardiograph with heat record-
ing. The grass-snakes were cooled down before recording:
Natrix tessellata (n = 12) down to 6.0°C in esophagus,
Natrix natrix (n = 14) down to –1.0°C; followed by grad-
ual warm-up to 38.0°C in esophagus.

RESULTS AND DISCUSSION

As long as reptiles actively pursue their optimal tem-
peratures throughout the season, we found it possible to
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introduce the “mean body temperature.” For both species
of grass snakes, originating from different locations these
temperatures are surprisingly close. Vipera renardi and
Elaphe dione were found to have the highest mean body
temperature, the fact that can be rationalized by taking into
account their adaptation to relatively high surface temper-
atures, 33.7 and 27.7°C, respectively. V. renardi has the
highest maximum voluntary body temperature. All the
studied snakes have this maximum within 29.7 – 35.8°C.
The minimum voluntary range is almost three times as
wide: from 6.2°C for Vipera berus (bright morph) to
22.1°C for Elaphe dione. The bright morph of Vipera
berus has the widest temperature range of activity, 28.1°C.
The other vipers have substantially narrower values:
17.0°C for V. berus (black morph), 12.1° for V. nikolskii,
and 14.5° for V. renardi. The dependence of body tempera-
tures on environment temperatures (surface and surface
air) is high for all the snakes, but N. natrix of Ural Foot-
hills. Its relatively low correlation is not quite clear.
Eremias arguta is the most thermophilic among the stud-
ied lizards, having its surface temperature optimum within
41.5 – 46.0°C and body temperature optimum within
31.3 – 33.0°C. Lacerta agilis is less thermophilic with sur-
face temperature optimum is 28.4 – 45.3°C and body tem-
perature optimum is 29.6 – 33.9°C. The least thermophilic
are Anguis fragilis and Zootoca vivipara. The surface
temperature optima are 18.1 – 22.5°C for the former and
20.6 – 28.7°C for the latter, while the body optima are
20.6 – 26.7 and 26.4 – 32.5°C, respectively. It is apparent
that body temperature exceeds surface temperature until a
certain point where they become equal, henceforth this ra-
tio becomes reversed. Why? Here the body temperature
regulatory mechanisms come into effect. The body tem-
perature overcoming the optimum, the animal lowers its
temperature escaping to a shady place or a shelter. It is be-
havioral mechanism. If there is a situation, rare (if possi-
ble) in nature, but quite possible in the experiment, when
the animal cannot escape, there comes into effect physio-
logical mechanism, evaporating moisture from the mouth
mucosa. All the animals in our experiment were caught
being out of their shelters. If these described regulatory
mechanisms are not effective enough, then escape into a
shelter follows. Thus for Natrix tessellata (n = 45) of
Middle Volga this point of overheating protection lies
about 27.5°C (ground temperature), for Lacerta agilis
(n = 67), about 32.0°C. Diurnal activity for the lizards in
summer is definitely two-peaked.

As for the aforementioned topography of temperature,
the esophagus temperatures of both snakes and lizards
exceed the anal temperatures. For Natrix natrix (n = 227)
by 3.7°C, for N. tessellata by 2.0°C, for Vipera berus

(bright morph) (n = 86) and V. nikolskii (n = 40) equally
by 2.7°C; for V. berus black morph (n = 23) by 3.0°C;
V. renardi (n = 18) by 2.8°C; Elaphe dione (n = 16) by
1.0°C; Zootoca vivipara (n = 71) by 1.6°C; and for Lacer-
ta agilis (n = 89) by 0.6°C. The topography of body tem-
perature has been most consistently studied for L. agilis of
Middle Volga (n = 82): back, belly and throat region tem-
peratures are equal, 26.4 – 26.5°C. Top-head temperature
is lower by approximately 1.0°C. These temperatures have
been obtained at 26.5 – 31.8°C of environment tempera-
ture, corresponding to the pinnacle of activity. An attempt
to determine the difference in the mean temperatures be-
tween males (n = 19) and females (n = 39) of Ural foot-
hills origin has shown male’s back temperature (30.2°C)
being significantly higher (P < 0.01%), than that for the
females (27.6°C) by 2.6°C during spring-summer season.
Belly temperature for the males (29.8°C) is significantly
higher (P < 0.05%) by 2.1°C than that for the females
(27.7°C). The difference between the temperatures of the
other body spots is statistically insignificant for such a
small sample.

At low body temperature –1.0°C the heartbeat rate re-
duces to 3 bpm, all cardiogram indices being incredibly
extended and elongating. This points to the slow ventri-
cular impulse conduction and its repolarizatory elonga-
tion. It may be assumed that there is an atrioventricular
node impulse delay. As the internal body temperature ap-
proaches its optimum (24.7 – 30.1°C), all cardiogram in-
dices normalize. Heartbeat rate is from 48 – 68 bpm PR
interval 0.20 sec, average QRS duration 0.06 sec, QT
interval 0.43 sec. At high body temperatures (38.0°C),
heartbeat rate increases up to 167 bpm All intervals are
shortened, indicating premature ventricular excitation.
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CONSERVATION AND RECOVERY OF RARE AMPHIBIAN SPECIES
OF EUROPEAN RUSSIA: DEVELOPMENT OF BASIC PRINCIPLES
AND EFFECTIVE PRACTICAL MEASURES

S. M. Lyapkov1

Keywords: population recovery, life-history characteristics, egg and tadpole translocation, Bufo viridis.

INTRODUCTION

A new approach is proposed to increase population
stability and to recover of populations of rare amphibian
species in the central European Russia. The development
of general principles and effective practical measures
should be based on the data of intraspecific (geographical,
inter- and intrapopulation) variation of life-history and
demographic characteristics. Protected areas should be se-
lected for testing the effectiveness of these measures, since
the negative anthropogenic impact is minimal thereand
hence the natural factors (primarily the density) play an
important role in regulation or limitation of population
size.

The selected ponds will be populated with eggs or lar-
vae of rare species. The effectiveness of the proposed
practical measures is dependent of the improvement of
premetamorphic conditions and thereby — “the quality”
of metamorphs leaving the ponds, i.e., an increase in their
body size and a decrease in time of premetamorphic devel-
opment. It is generally accepted that the metamorphs,
characterized by a larger body size and a lower time of
premetamorphic development, can mature at an earlier age
and will therefore substantially increase the net rate of re-
production of a given generation and hence of a whole
population. It is important to consider the geographical
variation: individuals that mature earlier in southern popu-
lations possess the higher reproductive potential that is
also important for population recovery. The use of local
translocations for enhancing of metamorphs’ quality and
net rate of reproduction seems to be quite original (for a re-
view see Seigel and Dodd, 2002; Marsh and Trenham,
2001). My first two years with field experiments on the
translocation of Bufo bufo clutches to create a new local
population was successful (Lyapkov, 2003; unpublished
data). The aim of this study was to confirm the effec-
tiveness of translocations of rare species larvae to natural
ponds.

MATERIAL AND METHODS

1. Translocation of Bufo viridis and Pelobates fus-

cus Tadpoles to a New Pond in the Moscow Oblast’.
The habitat conditions of sympatric and partially syntopic
populations of B. viridis and P. fuscus in the Moscow
Oblast’ (near Zvenigorod Biological Station, about 55 km
westward of Moscow) were substantially deteriorated in
early spring of 2003. The cause was an extensive exploita-
tion of sandpit started on the bank-side of the pond repre-
sented the main breeding site of B. viridis. The pond itself
was not destroyed or polluted, but the access roads to the
sandpit crossed the routes of dispersing metamorphs and
the traffic by trucks was very heavy. For this reason it was
decided to translocate a part of the tadpole population. An
artificial well-warmed (not-shaded) pond was chosen as
a new (experimental) pond. The size of the pond was about
200 � 60 m, i.e., its area was two times smaller than this of
the native pond. The distance between these two ponds
was about 1 km. The anthropogenic impact (non-intensive
grazing only) on the banks of the experimental pond was
substantially weaker. The preliminary survey in May 2003
revealed the presence of only two species, B. bufo and
Rana arvalis, and their total density was about by a factor
of 102 as low as in the native pond. In the native pond,
besides predominating tadpoles of B. viridis, the larvae of
B. bufo, R. temporaria, and R. arvalis were recorded.
From 13 to 23 June, 23,430 B. viridis tadpoles were trans-
located to experimental pond. In addition, 13,400 P. fuscus
tadpoles were translocated to that pond from May 18 to
June 24. These P. fuscus tadpoles populated another pond
(about 60 � 50 m) at the same site. Three samples of B. vi-
ridis tadpoles, three samples of B. viridis metamorphs, and
six samples of P. fuscus tadpoles from the experimental
and native ponds were measured (minimal sample size
50). The stages of larval development were determined ac-
cording to the tables (Dabagyan and Sleptsova, 1975).

2. Study of larval growth and development in B. vi-

ridis and P. fuscus in the Bryansk Oblast’. B. viridis me-
tamorphs were also collected June 12 and 26, 2003, in the
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vicinity of the “Bryanskii Les” State Nature Reserve
(southeast Bryansk Oblast’), on the banks of a relatively
large (about 150 � 350 m) artificial village pond. Data on
P. fuscus tadpole growth and development were obtained
from samples collected from June 7 to July 1, 2003, in five
small and partially drying ponds of the “Bryanskii Les”
Reserve.

For the estimation the variance components of body
length of Pelobates fucsus tadpoles the hierarchical design
of three-way ANOVA was used (“stage” was nested in
“pond” and “pond” was nested in “locality”).

RESULTS AND DISCUSSION

1. Translocation of B. viridis tadpoles. Tadpoles col-
lected in the experimental pond were larger than those in
the native pond (Fig. 1) in 2 samples (including meta-
morphs) and at most larval stages (Fig. 2). The main cause
of these differences is the substantially lower density in
the experimental pond: according to visual surveys, the
proportion of translocated B. viridis tadpoles was at maxi-
mum 5% of their numbers in the native pond, hence tad-
pole density in the native pond was 10 times higher than in
the experimental one (because its area was twice smaller
than this of the native pond). In both ponds the metamor-
phosis began at the same time; the modal time of premeta-
morphic development was 60 days. But metamorphs leav-
ing the experimental pond were significantly larger than
those from the native pond (Fig. 3). From July 13 to July
23, 10,000 B. viridis metamorphs were collected at the
banks of the experimental pond, marked by group-mark
and released. In addition, 5215 metamorphs were col-
lected at the bank of the native pond, also group-marked
and released near the experimental pond. These marks will
enable to determine the origin of these toads in the future,
when breeding adults are found. The tadpole survivorship
until metamorphosis in the experimental pond was at least
43% (10,000�23,430), which represents the maximal
value in comparison with literature data on European Bufo
species (for a review, see Reading and Clarke, 1999).

2. Translocation of P. fuscus tadpoles. According to
a census on May 31, the number of P. fuscus tadpoles of
earlier stages in the native pond was at least 90000 indi-
viduals with a density of 30 tadpoles per 1 m2. In the na-

184 Herpetologia Petropolitana, Ananjeva N. and Tsinenko O. (eds.), pp. 183 – 186

17

16

15

14

13

12

11

10

9

8

7

B
od

y
le

ng
th

,m
m

06 13 2003� � 06 21 2003� � 06 25 2003� � metamorphs

Date (stage)

Native pond
Experimental pond

Fig. 1. Tadpole growth and development in Bufo viridis, Moscow
Oblast’. Tadpoles collected on June 21 and metamorphs from the experi-
mental pond were significantly (p < 0.01) larger than those from the
native pond.
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Fig. 2. Tadpole growth rate in Bufo viridis, Moscow Oblast’.
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Fig. 3. Average body length of Bufo viridis metamorphs.



tive pond, P. fuscus tadpoles grew somewhat faster than in
the experimental pond but at the end of the larval period
tadpole the body lengths of these two groups were equal
(Fig. 4).

3. Geographical variation of metamorph size in
B. viridis. In the Bryansk Oblast’, the premetamorphic de-
velopment completed earlier (modal developmental time
45 days) than in both ponds of the Moscow Oblast’. This
difference was due to warmer climatic conditions in the
Bryansk Oblast’. In addition, the mean metamorph size
was significantly larger (Fig. 3), apparently corresponding
with the lower larval density.

4. Geographical variation of larval growth and de-
velopment in P. fuscus. The data on tadpole growth and
development in P. fuscus in several ponds of “Bryanskii
Les” Nature Reserve were compared with corresponding
data from the Moscow Oblast’ (Fig. 5). The significantly
larger mean values of body length for stages 43 – 48 in
the population from the Moscow Oblast’ (the influence of
“locality” was highly significant according to two-way
ANOVA results: F = 68.0; d.f. = 1; p < 0.00001), despite
of substantially higher density revealed in this population,
were unexpected results. The so-called “capacity factor”
can be a possible explanation: in Moscow Oblast’, both
ponds were substantially larger than small and partially
drying ponds in “Bryanskii Les.”

Our data enabled to estimate the effects of geograph-
ical and within-locality differences on tadpole body length
(Fig. 6). The maximal variance component was due to lar-
val stages; the influence of differences between localities
was higher than the differences between ponds at each lo-
cality. Obviously, the higher inter-locality variation corre-
sponds to the above mentioned differences between pond
conditions.

CONCLUSIONS

1. The application of life history theory enables to de-
velop the basic principles and effective practical measures
of management, conservation and recovery of rare am-
phibian species.

2. The tolerance to high tadpole density was revealed
in the two studied species with different larval characteris-
tics. In B. viridis, the increase of initial density lead to a
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decrease of body size of metamorphs but not of the time of
premetamorphic development (at least in the Moscow
Oblast’). In P. fuscus, the influence of high density on
body length of tadpoles and metamorphs was not so pre-
dictable and could be compensated by a relatively large
size of the pond where tadpoles grew and developed.

3. These characteristics of the species should be con-
sidered in programs including the translocation and recov-
ery of populations in a given amphibian species.
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INTRODUCTION

The comparative studies of life-history traits in Rana
temporaria revealed the large scale of variation between
geographically removed localities (Ishchenko, 1999;
Miaud et al., 1999). The similar studies of reproductive
and demographic characteristics in other brown frog spe-
cies, are scarce (for review see Ishchenko, 1999; Lyapkov
et al., 2002b). In addition, the relative value of intrapopu-
lation variation is mostly underestimated. The intrapopu-
lation variation includes the age-specific changes and the
differences between generations. So, the long-term study
of R. arvalis population allowed to reveal differences in
survival and reproductive characteristics of females of dis-
tinct ages and generations (Lyapkov et al., 2001a, 2001b).
The aim of the present study was to compare the reproduc-
tive and demographic characteristics of the populations of
R. temporaria and R. arvalis, inhabiting two different lo-
calities. For each species it was necessary to compare the
scale of intrapopulation variation with the differences be-
tween two localities of the range, basing on long-term and
simultaneous studies of populations in both localities. For
this purpose the reproducing individuals of these two spe-
cies have been studied in relatively favorable conditions of
their ranges (in Moscow Oblast’) as well as in northern
part of ranges (in Kirov Oblast’).

MATERIAL AND METHODS

For 5 years (1998 – 2002), the amplectant pairs of
both species were collected in breeding ponds during re-
production period in two localities: in Moscow Oblast’ —
near Zvenigorod Biological Station of Moscow State Uni-
versity, 55 km westward of Moscow (55°44� N 36°51� E,
50 m above sea level (a.s.l.); the name of this locality is
abbreviated to “ZBS”), and in Kirov Oblast’ — near Kipe-
nevshchina village, Orlovskii raion, 40 km westward of
Kirov (58°40� N, 49°5� E, 100 m a.s.l., “Kirov”). The body

length and the age were determined in each individual, fe-
cundity and egg diameter (with eyepiece micrometer, ac-
curate to 0.1 mm) — in each female. The fecundity was
estimated by mass of whole clutch taken out of dissected
females (previously weighted accurate to 0.1 g) and by
mass of clutch portion (weighted accurate to 1 mg) in
which all eggs were counted. The relative clutch mass, i.e.,
clutch mass relative to gravid female mass was estimated
also. Age was determined by standard skeletochronologi-
cal method (preparation of cross-sections of tibio-fibula
stained by Ehrlich hematoxiline — Smirina, 1994). The
survivorship of both sexes was estimated as calculated
number of frogs of a given age (based on the percentage of
individuals of this age and the total number of frogs repro-
ducing in a given year) relative to initial number of gener-
ation (i.e., total egg number laid in a given year divided
by 2). To obtain required data the censuses of clutches of
both species in all ponds used by each studied population
were conducted since 1988.

RESULTS AND DISCUSSION

The age distributions of matured R. temporaria differ
substantially between two localities (Fig. 1): the propor-
tion of two-year-olds (both females and males) was higher
in ZBS population whereas the proportion of older ages
was lower than in Kirov population. Contrarily (and sur-
prisingly), ZBS population of R. arvalis (Fig. 2) is charac-
terized by lack of two-year-old females and by very low
proportion of two-year-old males. Thus, in Kirov Oblast’
the females can maturate at age of two years, unlike to
those of Moscow Oblast’. The proportion of 3-year-old fe-
males and males was also higher in Kirov Oblast’. The
only explanation is that in Kirov Oblast’ both species are
largely syntopic and reproduce in the same ponds. Corre-
spondingly, the proportion of older ages was higher in
ZBS population of R. arvalis.

In ZBS population of R. temporaria, the body length
of each age was significantly larger than in Kirov popula-
tion (Fig. 3), both in males and females (for each age from
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2 to 5, p < 0.01, accordingly to results of 1-way ANOVA).
It indicates on lower annual growth rate in Kirov popula-
tion, though males maturated at the same age as in Mos-
cow Oblast’ (after second or third wintering). In ZBS pop-
ulation of R. arvalis, the body length at each given age was

also considerably larger than in Kirov population, both in
males (at the ages from 2 to 5) and females (at the ages
from 3 to 5; p < 0.01, accordingly to results of one-way
ANOVA).

The general trend in populations of both species stud-
ied in both localities was the significant increase of fecun-
dity, egg diameter and relative clutch mass with the age of
females. At the same time, in Kirov females of both spe-
cies the age-specific changes of fecundity and egg diame-
ter occur at lower level that corresponds to smaller body
length at each age (Figs. 4 and 5). It in turn is determined
by stronger restriction of activity season. The number of
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�, R. arvalis males (n = 103).
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days with air temperature above +5°C in Moscow Oblast’
is on an average on 15 higher than in Kirov Oblast’. In
R. arvalis, the differences in relative clutch mass between
two localities within each age were non-significant (with
the exception of 3- and 5-year-old females). In addition,
the mean values of relative clutch mass were significantly
higher in R. arvalis than in R. temporaria in each locality
(Fig. 6) despite of smaller body size in this species.

The survivorship of separate generations differed be-
tween species, localities and sexes. So, in ZBS populations
the survivorship of R. temporaria females was higher than
in the same generations of R. arvalis. Survivorship of
many ZBS generations in R. arvalis females was higher
than in Kirov generations. Survivorship of many ZBS gen-
erations in R. temporaria females was higher than in
males. In R. temporaria, mean annual survivorship (i.e.,
average over all generation in a given year, Table 1) of fe-
males was higher than in males; mean survivorship in ZBS
population was higher than in Kirov population, both in

females and males. In R. arvalis (Table 1), mean survivor-
ship of females was usually higher than in males, but the
differences between two localities were not as distinct as
in R. temporaria.

The rate of population turnover of each species differs
between two localities. As the measures of these differ-
ences we can use the values of R0 (net rate of reproduc-
tion) and T (generation time) calculated according to for-
mulas (Pianka, 1978):

T
xl m

l m

x x
x
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x x
x
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�

	

	

0

0
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; R l mx x
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0
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,

where Tmax is the maximal age, mx is the average female fe-
cundity of age class x, lx is the proportion of individuals that
have survived till age x.
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TABLE 1. Mean Annual Survivorship (%) in Rana temporaria and R. arvalis in Two Localities

Year

Rana temporaria Rana arvalis

Moscow Oblast’ Kirov Oblast’ Moscow Oblast’ Kirov Oblast’

�� �� �� �� �� �� �� ��

1998 0.1704 0.0752 0.0181 0.0071 0.1149 0.1042 0.0376 0.0407

1999 0.0893 0.0576 0.0342 0.0071 0.1165 0.0751 0.0418 0.0403

2000 0.1708 0.0776 0.0690 0.0021 0.0609 0.0620 0.1165 0.0123

2001 0.0546 0.0354 0.0261 0.0279 0.0533 0.0334 0.1944 0.1590

2002 0.0155 0.0094 0.0255 0.0000 0.0146 0.0200 0.0695 0.0000



In R. temporaria, relatively high proportion of youn-
ger ages among breeding adults (Fig. 1) corresponds to
lower value of T in most generations of ZBS population
(in comparison with Kirov one); in R. arvalis, the converse
relationship was revealed (Table 2). The variation of R0

depends not only on age structure and survivorship but on
the fecundity. Therefore, the values of R0 in both localities
did not differ distinctly between two species. The values of
R0 in both species are usually higher in Moscow Oblast’
than in Kirov Oblast’.

CONCLUSIONS

1. In both species, the variation between localities
was comparable with intrapopulation variation that is due
to age and belonging to given generation. Therefore,
long-term studies are necessary for evaluation of interrela-
tion between geographical and local variation.

2. The constraints, associated with unfavorable cli-
matic conditions in northern locality, influence on both
species in the same way.

3. Within each locality, the differences between spe-
cies in fecundity and egg diameter correspond to larger
body length of R. temporaria females. The higher values
of relative clutch mass in R. arvalis females are due to
other reasons.

4. The values of R0 in most generations of both spe-
cies are usually higher in Moscow Oblast’ than in Kirov
Oblast’.
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TABLE 2. Net Rate of Reproduction (R0) and Generation Time (T) in Rana temporaria and R. arvalis

Year
of birth

R0 T

Rana temporaria Rana arvalis Rana temporaria Rana arvalis

Moscow Oblast’ Kirov Oblast’ Moscow Oblast’ Kirov Oblast’ Moscow Oblast’ Kirov Oblast’ Moscow Oblast’ Kirov Oblast’

1994 0.860 2.460 2.978 2.013 4.222 3.687 4.279 3.725

1995 4.401 0.943 5.046 1.406 3.610 4.437 4.048 4.074

1996 2.732 2.797 3.657 1.475 3.616 3.712 4.389 3.811

1997 4.688 3.891 2.460 4.181 3.608 3.836 4.228 3.798
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INTRODUCTION

Russia’s Far East is facing a critical situation con-
nected with mass illegal export of its natural resources,
such as ginseng, paws of Asiatic black bear, skins of tigers
and leopards and many other things, to the countries of
South East Asia. This leads to inconvertible changes in the
ecosystems of the Far East region. The situation is espe-
cially critical in the Primorskii Krai area. Many represen-
tatives of local herpetofauna are among the most exported
bioresources. Chinese and sometimes Koreans catch am-
phibians and reptiles for traditional oriental medicine and
culinary. Over the past 10 years, a comprehensive network
of poachers, co-dealers and Chinese traders was estab-
lished in Primorskii Krai. This illegal network also in-
cludes many Russian people whose present-day living
standard has become particularly low. In this report we
give a general overview of the situation connected with
poaching.

MATERIAL AND METHODS

We have been collecting data over 11 years (from
1993 to 2003). These are the archives’ data of several local
Nature Conservancy committees, the data of the Primor-
skii Krai ecological group “Tiger,” the information from
the border guards and regional customs officials, and also
the materials of the local mass media and police reports.
We also included the information received during the in-
terviews of the residents of 18 districts of Primorskii Krai.

RESULTS AND DISCUSSION

Two species are in greatest danger: Rana dybowskii
and Pelodiscus sinensis. However, according to the reports
of the Far East customs officials, live specimens and parts
of Bombina orientalis, Bufo gargarizans, Hyla japonica,
and Rana nigromaculata are also exported.

Rana dybowskii is a common species in the southern
Far East, and is not listed in the Red Data Book. However,
its population has notably decreased in this region because
of poaching.

Before 1917 the Chinese harvested these species of
frogs in the Suifun River valley (which is now called Raz-
dol’naya River valley). Rana dybowskii is valuable be-
cause of its fat, which is used in oriental medicine. Later,
the main catches of frogs were conducted in the Manchu-
ria area. Beginning from the 1990s the borderline between
China and Russia has become more open. Many Chinese
began to travel to the Primorskii Region, and some of them
purchased Rana dybowskii.

Chinese poachers harvest Rana dybowskii in autumn
and early winter for pharmacological needs, and in spring
for culinary purposes. Poachers use different types of traps
to catch amphibians. These traps may include polyethyl-
ene fences put along the rivers in the mountains, in order
to collect frogs on their way during the autumn migration.

Thus, for example, in October 1994, members of the
Ussuriisk Regional Environmental Committee found a
3-km polyethylene fence near the Komarovka River,
which was installed by Chinese farmers.

Another instrument taking frogs are fishing nets. For
example, (Protocol 13 of 03�24�1999, Ussuriisk Regional
Environmental Committee), near Kondratenovka village
two citizens from China had illegally taken wintering
frogs from the left tributary of the Kamenyushka River.
For their purposes they used nets (length 1.5 m, height
0.8 m). When these Chinese were detained, they had 500
live animal specimens in their bags.

Poachers also used electric fishing rods and traps. This
was recorded from the Pogranichnyi raion.

Poaching has drastically increased since 2002. Mass
poisoning of rivers has started. There was a newspaper re-
port, presenting materials and photographs, which were
handed over by the border guards. The analysis of videos
made by border guards on the Ryazanovka River showed
that the Chinese took motionless frogs and did this for a
long time. They had managed to take 400 specimens of
Rana dybowskii.
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Rangers who took the water from the river, 20 km
downstream from this place, got seriously poisoned.
Members of the Far East branch of WWF inspected the
Ryazanovka River and showed that a lot of water life (fish,
amphibians, water invertebrates) of the river was de-
stroyed. Also a large part of the rivers in the Khasan raion
had been poisoned recently.

Besides the border guards, the Russian Far East cus-
toms officials play an important role in minimizing illegal
trade. Since 1996 they are making attempts to prevent ille-
gal export of amphibians and their parts from Russia. Over
the period 1996 – 2003 the customs officials have pre-
vented attempts of the citizens of China to take out 3720
live frogs, 90 kg of dried frogs, 39 kg of dried frog meat,
55 kg of fatlike frog substance, 74 g of frog brown fat,
3.3 kg of frog eggs.

They also prevented the export of 2.4 kg of fatlike
substance of Hyla japonica and 3 kg of secretor substance
of Bombina orientalis.

Mass illegal collection of soft-shelled turtles has also
begun. In 2001 we conducted expeditions in Primorskii
Krai and studied places with Pelodiscus sinensis habitat.
We found out that at present, out of 13 districts inhabited
by the turtles, there are only two regions with few cases of
poaching. Reptilian sales have existed a long time and
have a mass character. It is perfectly clear that in some
districts turtles are collected by the local fishery inspec-
tion. Lesozavodsk and Dal’nerechensk are the main il-
legal bases for transporting these species to the Chinese
territory.

The population of one of the villages on the Malinov-
ka River lives on the money from the sales of soft-shelled
turtles. According to reliable sources, one of the poachers
bought his car with the money from the turtle trade. It
was estimated that he collected and sold no less than 500
specimens.

Villagers of all the regions report that large turtles
have not been found in these areas. At present the length of
carapax does not exceed 20 – 25 cm. It has been pointed
out that the number of these animals has decreased. There
are lakes and river areas, where these species were met
earlier, but are no longer found at present.

There is the following information about the Far East
customs service. Beginning in the middle 1990s, the Far
East customs inspection reported about numerous attempts
of illegal export of Pelodiscus sinensis to China. The ex-
port is conducted in different ways. For example, in 1999
the Ussuriisk Customs officials detected several turtles

bound by metal wires and attached to the bottom of a rail-
way cargo carriage.

During the last 8 years, the Far East customs inspec-
tors have withdrawn 215 specimens and 40 eggs of Pelo-
discus sinensis from illegal export. However, the amount
of illegal export to China have been significantly in-
creased. There is testimony that the Chinese market is
overflown by Pelodiscus sinensis taken from Russia.

Very recently, police officers from the October District
detained a car, in which they discovered big amounts of
soft-shelled turtles, whose weight totaled 184 kg. Co-deal-
ers purchased these turtles for 70 – 100 rubles from the lo-
cal poachers in order to sell them to China.

Thus, the situation is as follows. The numbers of the
Rana dybowskii in the south of Primorskii Krai (Khasan,
Ussuriisk, and Nadezhdinskii raions) have decreased to a
disastrous extent (V. A. Kostenko, 2003, personal commu-
nication). In the rest of the districts the number of frogs
has drastically decreased. After the winter of 2002 a big
part of the rivers in the Khasan raion have been poisoned.
Pelodiscus sinensis has disappeared in some places, while
elsewhere the numbers have declined.

The problem of illegal collection of amphibians and
reptiles in Primorskii Krai for the purpose of illegal export
needs to be tackled urgently. Mass collection of different
species from the wild has already brought ecosystems to
imbalance. It is necessary to pass effective laws for con-
servation of herpetofauna in the Far East of Russia.
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PRELIMINARY RESULTS ON THE GENETIC CONTROL OF DISPERSAL
IN COMMON FROG Rana temporaria FROGLETS

C. Miaud,1 J. Sérandour,1 R. Martin,1 and N. Pidancier2

Post-metamorphic dispersal in the common frog Rana temporaria (Amphibia, Anura) was studied with a combina-
tion of field (pit-fall traps) and laboratory (arena, artificial crossing) experiments. In the first studied population, the
breeding place was surrounded by lines of fence-pitfall traps allowing capture of dispersing froglets. Dispersal was at
random on the edge of the pond, but oriented in the most favorable terrestrial habitat at 10 m from the edge. Froglets
of this population were then tested in orientation arena built on the University campus, where they also dispersed at
random. The two other studied populations reproduced at each side (north and south) of a lake. Froglets from each
population were tested in similar orientation arena, where they did not dispersed at random but to the north and south
direction respectively. In the laboratory we crossed males and females originated from these two populations. Re-
sulting crossed froglets exhibited variable dispersal patterns, which significantly differed from those observed with
their respective parents. These results argued for an at least partly genetic control of emigration direction in these two
frog populations, that we interpreted as the result of directional selection due to landscape change during the XXth
century.

Keywords: dispersal, juveniles, artificial crossing, orientation, local adaptation, amphibian.

INTRODUCTION

Dispersal is a major behavioral trait of many organ-
isms (Clobert et al., 2001). A wide literature has been de-
voted to orientation in Amphibians, especially during
breeding migration, e.g., between terrestrial and aquatic
sites (Sinsch, 1992). Both Anura and Urodela can use nu-
merous environmental cues, e.g., water odor to migrate
from one place to another (e.g., Sinsch, 1990; Joly and
Miaud, 1992 and references inside). These studies concern
mainly adult stage and information on juvenile dispersal is
particularly scarce.

The aim of this work was to use a combination of field
and laboratory experiments to assess the post-metamor-
phic dispersal in the common frog Rana temporaria (Am-
phibia, Anura).

The first experiment was to study the direction of dis-
persal in post-metamorphic individuals (called froglets in
this paper) from a breeding pond in the field. The second
experiment was to test dispersal direction of the same
froglets in an arena outside the pond environment. We also
tested froglets from two other breeding populations: adults
breed at opposite sides of a small lake and landscape struc-
ture (road, crops) imposed two obligatory migratory
routes for frogs (north and south) in the terrestrial environ-
ment. Our first hypothesis was to test if froglet dispersal

followed direction used by adults. In the case of popula-
tion-specific dispersal, the second hypothesis was to test
the existence of a genetic basis of migratory behavior in
froglets. We thus experimentally produced hybrids of
“north” and “south” frog populations and compared
froglets dispersal direction with those of the two parental
populations.

MATERIAL AND METHODS

Dispersal in the Field

A peat bog pond (30 � 10 m), situated near “St. Fran-
çois de Sales” (Savoie Department, Southeast of France)
at 1350 m a.s.l., is occupied by a large population of com-
mon frog. We placed 3 lines of fence-pitfall traps around
the pond in 2001. Each line was composed of a fence made
of fine plastic meting (1 mm mesh) 3 m long and 50 cm
high. Three pitfall traps (diameter of the hole: 12 cm)
equipped each system (one at each extremity and one in
the middle of the fence). We installed 8 fence-pitfall traps
in a circle around the pond (Fig. 1) at 1, 5, and 50 m from
the edge of the pond. The traps were protected against the
sun by an opaque wooden screen. The traps were visited
from 1 to 3 times a week from the start of metamorphosis
(June 23) until August 5.

Dispersal in Arena

Arenas were circular enclosures (4 m in diameter),
similar to previously described fence-pit fall traps system
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(Fig. 2). The bottom was the natural ground with herba-
ceous coverage. Orientation of the froglets was estimated
from their capture in 12 pitfall traps (diameter of the hole
20 cm) regularly placed along the net. The release site at
the center of each arena consisted of a 30 � 20 � 10-cm
plastic box with 2 cm depth of water. Tadpoles (about 30
at each experiment) were placed in this release site when
the tail started to regress and froglets can leave it and dis-
perse in the arena over the following days. Traps were
controlled twice every 4 days from the beginning of each
experiment. Five arenas were built on the campus of the
University of Savoie, in an isolated piece of fallow land.

Tested froglets came from three populations: the peat
bog pond of “St. François de Sales” where field dispersal

was tested in 2001 and 2 populations spawning on each
edge of Lake Aiguebelette (near the town of Chambéry,
Savoie Department). This lake is about 4 km long and
1 km wide and common frog only breed in two breeding
place on the north and south edges of the lake. Parts of
several spawns were collected in 2002 in each of these
populations and eggs and tadpoles were reared in similar
conditions until orientation experiments started. Two other
pools of froglets were obtained: Adults were caught on
land during the breeding migration in the two lake popula-
tions. Four males and 4 females of each population were
taken to the laboratory and anaesthetized. Ova were
obtained by pressing lightly female abdomen, and were
immediately fertilized with sperm obtained by male dis-
section. Each female of the north population was crossed
with a male of the south population and reciprocally, to ob-
tain two pools of crossed froglets. Eggs and larvae were
reared in similar conditions as those from each parental
population.

Froglet distribution around the arenas was summa-
rized by a mean vector (data were grouped because ani-
mals were caught by trapping: Batschelet, 1981). Ran-
domly distributed captures were tested by Raleigh test.
Orientation towards an expected target was accepted if the
target is included in the limits of the confidence interval of
the mean vector. Circular statistics were from Batschelet
(1981).

RESULTS

Dispersal in the Field

The common frog spawn in April in the studied peat
bog pond of “St. François de Sales” (Savoie Department,
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Southeast of France) at 1350 m a.s.l. The froglets started
to metamorphose at the end of June. Dispersal from the
pond was recorded with fence-pitfall traps. At the edge of
the pond, froglets left the breeding site without a preferred
direction (mean vector length r = 0.082, Raleigh test
P > 0.05, N = 408, Fig. 3a).

At 10 m from the pond edge, froglets were signifi-
cantly oriented toward a preferred direction (mean vector
length r = 0.652, Raleigh test P < 0.001, N = 93, Fig. 3b).

Dispersal in Arena

Froglets of the bog pond were tested in the orientation
arena on the University campus. Dispersal direction did
not differ from random (mean vector length r = 0, 061, Ra-
leigh test P > 0.05, N = 285, Fig. 4a).

Froglets from populations at both north and south
sides of the lake were tested in the arena. Dispersal direc-
tions of froglets originating from the “north” population
significantly differed from random (mean vector length
r = 0.322, Raleigh test P < 0.001, N = 111, Fig. 4b). The

mean vector angle Öm = –11.5 ± 32° (mean ± confidence
interval at á = 0.05) did not differ significantly from the
north (Ö = 0°) direction.
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Fig. 4. Froglet dispersal in the orientation arenas: (a) Froglets originating from the bog pond of “St. François de Sales.” Mean vector length r = 0.061
(N = 285). There is no preferred direction; (b) froglets originating from the north population of the lake. Mean vector length r = 0.322, N = 111. The
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cantly differed from dispersal directions of froglets from parent populations (both north and south).



Dispersal directions of froglets from the “south” popu-
lation significantly differed from random (mean vector
length r = 0.475, Raleigh test P < 0.001, N = 112, Fig. 4c).
The mean vector angle (Öm = 126.7 ± 24°) significantly
differed from the south (Ö = 180°) direction.

Adults from the north and south populations were arti-
ficially crossed in the laboratory and the obtained froglets
were tested in the arena. Froglets [males (north) � females
(south)] did not disperse at random (mean vector length
r = 0.184, Raleigh test P < 0.001, N = 226, Fig. 4d). The
mean vector angle (Öm = 280.1 ± 35°) significantly dif-
fered from dispersal directions of froglets originating from
parent populations (both north and south).

Froglets [males (south) � females (north)] did not dis-
persed at random (mean vector length r = 0.212, Raleigh
test P < 0.001, N = 153, Fig. 4e). The mean vector angle
(Öm = 294.8 ± 35°) significantly differed from dispersal
directions of froglets originating from parent populations
(both north and south).

DISCUSSION

Froglet Dispersal

Following metamorphosis, froglets have to disperse in
the terrestrial habitat surrounding the breeding and larval
development aquatic area. Eggs and tadpoles are exposed
to numerous predators and survival is low (e.g., Biek et al.,
2002) give 0.06 and 0.34 as mean values of tadpole and
metamorphosis survival in Rana temporaria). The post-
metamorphic life is also risky for such small vertebrates
(about 15 mm body length). Froglets left the peat bog
pond of this study without preferred directions. However,
at 10 m from the edge of the pond, they were caught in
only one direction. The pond surroundings are composed
of a small mixed forest and grassland. The preferred direc-
tion is towards the mixed forest habitat (this result is also
obtained with pit-fall traps at 50 and 100 m from the pond,
unpublished data). Froglets tested in the arena far from en-
vironmental cues of the pond surroundings also dispersed
at random. We make the assumption that, at this breeding
site, froglets dispersed at random, and those which sur-
vived were by chance in a favorable habitat. Adults,
equipped over two successive years with transmitters, ex-
hibited strong fidelity to routes in this habitat (Miaud and
Martin, unpublished data). Therefore, it seems that adults
migrated where they were successful as froglets, after a
random emigration at the first breeding place.

Landscape structure is often shaped by human activi-
ties and amphibians are well known to be highly sensitive
to landscape alteration. Agriculture, urbanism and road

network permitted only two obligatory migratory routes
for the common frogs around the small lake of this study.
Froglets from the “north” and “south” populations (tested
in arena) dispersed in two opposite directions that corre-
sponded to adult migratory routes. Distinction between
genetic variation and environmentally induced phenotypic
variation can be made using reciprocal transplant and
common garden experiments (Mousseau et al., 2000). Our
experiments in arena corresponded to this common garden
design. Another approach is to obtain hybrids with indi-
viduals from populations where the studied traits vary. Our
results argue for a genetic basis to froglet dispersal direc-
tion: “north” population froglets dispersed to the north
while those from the “south” population dispersed to the
south in the arena and hybrids exhibited variable dispersal
patterns, mostly different from those observed with their
respective parents. Theses results — which have to be
considered as preliminary — lead to question which selec-
tive pressures act to generate evolutionary change in mi-
gration direction. Genetic determination in migratory di-
rection is documented in arthropods (sandhoppers: Scapini
and Fasinella, 1990), fishes (Salmon and trout: Raleigh,
1971), and birds (European blackcap: Helbig, 1991). In
this last example, evolutionary changes in migratory di-
rection occur relatively rapidly: 7 – 11% of the breeding
population migrated to NW direction in 1990 whereas no
birds were observed in this direction before 1960. The new
NW migratory direction has a genetic basis and must have
evolved through rapid microevolution (Helbig et al.,
1994). We interpreted our results in the common frog as
follow: 1) post-metamorphic dispersal is random and frog-
lets survive in favorable environments. This strategy is
successful because recruitment varies greatly from one
year to another and favorable habitat move spatially in the
landscape matrix. Specific situations can lead to direc-
tional selection which, under extreme conditions tends to
favor local adaptation over plasticity (Piliucci, 2001); 2)
Froglets dispersed on each side of the lake and survived if
they reach the favorable habitat (relict forest patch). Old
maps (beginning of the XXth century) show that the lake
was almost completely surrounded by forest and one can
imagine that frogs bred in numerous places around the
lake. In less than 100 frog generations, landscape changes
greatly and frogs can now reproduce in only two breeding
places. Exchange of migrants between them was inter-
rupted, favoring local adaptation in migratory direction.
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BASIS OF NATIVE POND FIDELITY IN ANURAN AMPHIBIANS:
THE CASE OF CHEMICAL LEARNING

S. V. Ogurtsov1

Keywords: native pond, Anura, chemical learning, sensitive period.

INTRODUCTION

Anuran amphibians come to breed to the native pond
(Blair, 1953; Breden, 1987). Chemical stimuli from the
pond could be among cues that guide them. That these
cues are learnt early in ontogeny is often discussed but
hasn’t been tested yet (Grubb, 1973). Rana lessonae seems
to learn the native pond odor during larval stages and is at-
tracted by it after metamorphosis while keeping near the
pond (Bastakov, 1986). We tried to find out whether other
species possess the same type of reaction and whether sen-
sitive periods to memorize chemical stimuli exist in larval
development.

MATERIAL AND METHODS

Juveniles of 5 species (Rana lessonae, R. ridibunda,
R. temporaria, Bufo viridis, B. bufo) were collected near
the ponds of Moscow Oblast’ (Russia) within 3 days after
metamorphosis. They were tested in a plastic chamber
76 � 12 � 15 cm divided into 5 sections by walls of 5 mm
height (Fig. 1). A transparent glass cover had ventilatory
holes at both ends. A 40-W incandescent lamp put 40 cm
from the middle of one of the longest walls provided low
illumination. A pair of odorants was positioned in Petri
dishes at both ends. After each test the chamber was
washed with tap water. Each experimental group was di-
vided into 2 or 4 subgroups of 6 – 10 individuals. Each
subgroup was tested separately with an altered position of
stimuli. A subgroup was placed in the center of the cham-
ber and left walking freely for 40 min while each 5 min we
counted the number of individuals in sections. Results of
subgroup tests were combined in accordance with the po-
sition of stimuli thus obtaining 8 sequential observations
on the distribution of a group.

To describe frogs distribution in sections with stimuli
we compared sequential observations with random-effect
model using a classical procedure (Gotelli, 2000). We in-

troduced a distribution stability coefficient (S). For each
test we calculated a sequence of 8 differences between the
number of frogs in utmost sections. The differences were
ranked (including “0” differences), and sums of ranks of
“+”, “–”, and “0” differences were computed separately.
The part that sum of ranks of “+” differences constitutes
from the total sum of ranks is the coefficient S for the
section with the stimulus of interest (“–” differences de-
scribe S for the opposite section). S varies from 0 to 1. The
more often individuals are observed in the section of inter-
est and the more is the difference in the number of frogs in
that section than in the opposite one the larger is the S
value for it.

We used program Microsoft Excel 2000 (Microsoft
Corp., 1985 – 1999) to generate a sequence of 8 random
numbers taken with equal probability from –n to +n (n,
group size). It models 8 differences between the number of
frogs in the utmost sections. S value for “+” differences
was then calculated. We chose one-tailed null hypothesis:
experimental S does not exceed critical value. If the value
is too low than S for the opposite section as well as S for
“0” differences could exceed critical level. We used 95%
and 99% percentiles to calculate confidence interval. For
groups of 3 and more individuals and 225,000 iterations
critical values of S come to 0.83 (p = 0.05) and 0.94
(p = 0.01). If experimental S is larger than the critical
value (distribution is stable in time and nonrandom), we
speak about preference of one of the stimuli (Fig. 2A). If it
is lower than the critical value (frogs move at random), we
speak about indifference (Fig. 2B).

To reveal a sensitive period we reared R. lessonae tad-
poles with a natural marker (pond water) during one of the
following stages of larval development (Gosner, 1960): till
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Fig. 1. Scheme of test-chamber (view from above): A, B, Petri dishes
with chemical stimuli; S, starting position of froglets.



hatching on stages 1 – 18 (Group 1), till the beginning of
active feeding on 1 – 21 (Group 2), from the disappear-
ance of external gills till the spade-shape hind limbs on
25 – 31 (Group 3), from the later one till the complete for-
mation of hind limbs on 31 – 41 (Group 4). Group 4 re-
ceived boiled nettle as a foodstuff during exposure. The
water was changed once in 1 – 2 days. For the tests of
Group 1 and 2 we used one pair of ponds (“native” vs.
strange), and Group 5 that had passed the whole larval de-
velopment in the native pond served as a control. For
Group 3 and 4 we used another pair of ponds. Their “Con-
trol” group had no contact with pond water. Ponds treated
in tests as “native” and strange were located within
0.7 – 1 km from each other.

RESULTS AND DISCUSSION

A long-lasting group test models the situation when
juveniles keep near the pond before dispersal: they move
back and forth from the native pond and keep their neigh-
bors in view. According to our observations this period oc-
cupies from 3 – 7 days in terrestrial species (R. tempora-

ria, B. viridis) to 1 – 1.5 months in semiaquatic (R. lesso-
nae). Juveniles of 4 species (R. lessonae, R. ridibunda,
R. temporaria, B. viridis) caught near the native pond soon
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TABLE 1. Influence of the Period of Exposure at Larval Stages on the Reaction of R. lessonae Froglets to the Native Pond Water

Group
Stages

of exposure
Stimulus treated as “native”

Distribution between sections
with stimulus, median (min – max) Binomial p S

Random
model p

n
native strange

Control not exposed pond water 6 (3 – 9) 5 (2 – 6) N.S. 0.70 N.S. 12

Group 1 1 – 18 pond water 6 (1 – 8) 6 (3 – 9) N.S. 0.39 N.S. 17

Group 2 1 – 21 pond water 17 (5 – 24) 9 (6 – 14) <0.05 0.94 <0.05 37

Group 3 25 – 31 pond water 8 (6 – 10) 8 (5 – 9) N.S. 0.68 N.S. 17

Group 4 31 – 41 pond water 6 (3 – 7) 6 (3 – 8) N.S. 0.41 N.S. 12

boiled nettle 5 (1 – 7) 4 (4 – 7) N.S. 0.41 N.S. 12

pond water + boiled nettle 9 (6 – 10) 2 (1 – 6) <0.05 0.97 <0.01 12

Group 5 1 – 46 pond water 14 (11 – 18) 6 (4 – 7) <0.05 1.00 <0.01 25

Note. n, Group size. S is given for section with “native” stimulus. Water from an unfamiliar pond was used as a strange stimulus, except for the test with
boiled nettle where we used dechlorinized tap water.



after metamorphosis demonstrated preference to the native
pond water. But B. bufo showed indifference to the same
stimulus (Fig. 3). For R. lessonae our group tests gave the
same results as individual tests (Bastakov, 1986).

R. lessonae tadpoles exposed to pond water on stages
1 – 21 (8 days) revealed preference to the “native” pond
water as did Group 5 of natural froglets. As Group 1 did
not form preference on stages 1 – 18, we consider learning
to occur on stages 18 – 21 (4 days). Group 3 (exposed for
20 days) and Group 4 (48 days) showed no preference as
did the Control group. But in Group 4 it appeared that only
a complex stimulus actually used for exposure – a mixture
of “native” pond water and boiled nettle (1 leaf stayed for
30 min in 200 ml of water), but not single components
alone caused preference (Table 1, Fig. 2A). Video analysis
of tests showed that movements of R. lessonae froglets
were independent (they did not move in groups or follow
each other). Thus we tried binomial test for time averaged
(median) distribution, that gave us the same results
(Table 1). They speak for the existence of 2 sensitive peri-
ods of chemical learning during larval development. We
obtained the same results with artificial chemical markers:
morpholine and â-phenylethanol (Ogurtsov and Bastakov,
2001).

REFERENCES

Bastakov V. A. (1986), “Preference by youngs-of-the-year of
the edible frog (Rana esculenta complex) for their own reser-
voir ground smell,” Zool. Zh., 65(12), 1864 – 1868 [In Rus-
sian with an English abstract].

Blair W. F. (1953), “Growth, dispersal and age at sexual matu-
rity of the Mexican toad (Bufo valliceps Wiegmann),”
Copeia, 1953(4), 208 – 212.

Breden F. (1987), “The effect of post-metamorphic dispersal on
the population genetic structure of Fowler’s toad, Bufo
woodhousei fowleri,” Copeia, 1987, 386 – 394.

Gosner K. L. (1960), “A simplified table for staging anuran em-
bryos and larvae with notes on identification,” Herpetologi-
ca, 16(2), 183 – 190.

Gotelli N. J. (2,000), “Null model analysis of species co-occur-
rence patterns,” Ecology, 81(9), 2606 – 2621.

Grubb J. C. (1973), “Olfactory orientation in the breeding
Mexican toad, Bufo valliceps,” Copeia, 3, 490 – 497.

Ogurtsov S. V. and Bastakov V. A. (2001). “Imprinting on na-
tive pond odor in the pool frog, Rana lessonae Cam.,” in:
Marchlewska-Koj A., Lepri J. J., and Müller-Schwarze D.
(eds.), Chemical Signals in Vertebrates. 9, Kluwer Acade-
mic�Plenum Press, New York, pp. 433 – 441.

200 Herpetologia Petropolitana, Ananjeva N. and Tsinenko O. (eds.), pp. 198 – 200



SOME ASPECTS OF REPRODUCTIVE BIOLOGY OF Zootoca vivipara (JACQUIN, 1787)
IN THE ASIAN PART OF ITS AREA

V. F. Orlova,1 V. N. Kuranova,2 and N. A. Bulakhova2

Keywords: Zootoca vivipara, fecundity, body size, variability.

INTRODUCTION

Zootoca vivipara is the lacertid lizard with a large area
in the northern part of Eurasia. This species is the only
lacertid that has both oviparous and viviparous popula-
tions. Oviparous allopatric populations were found in the
extreme south-western part of the species area, in the Pyr-
enean mountains, in Aquitaine in southwest France, and in
northwest Spain (Lantz, 1927; Brana and Bea, 1987;
Heulin, 1988). Recently the same populations were de-
scribed from Slovenia, Lower Austria (Carinthia), and It-
aly (Böhme et al., 1999; Heulin et al., 2000; Mayer et al.,
2000). Ovoviviparous populations have a vast distribution
from Central France, the British Isles to the North Cape in
Scandinavia, eastwards as far as eastern Siberia, Sakhalin
Island and Hokkaido Island, Japan (Ananjeva et al., 1998).
Thus, most part of the area is on territory of the former
USSR, where there occur only ovoviviparous populations.
In spite of this the biology of viviparous lizards, including
reproductive characteristics, is insufficiently studied, es-
pecially in the eastern part of the area (Orlova, 1975; Seda-
lishchev and Belimov, 1978; Kuranova, 1983, 1998; Ko-
rotkov and Levinskaja, 1978; Korotkov, 1985; Tagirova,
1997; Dujsebaeva and Orlova, 2002). In the western part
of the area, the biology of Z. vivipara is known in detail
(see references in: Dely and Böhme, 1984; Heulin, 1985,
1988; Khodadoost et al., 1987; Pilorge, 1987; etc.).

MATERIAL AND METHODS

The reproduction of viviparous lizard was studied in
the Perm’ Oblast’, on the West Siberian plain (Tomsk Ob-
last’) and in the Kuznetskii Alatau mountains, North and
North-East Altai [up to about 1200 m above the sea level
(a.s.l.)]. In addition, we used the materials of the Zoologi-
cal Museum of the Moscow State University, collected in
Southern Altai (Markakolskaya Depression, 1500 – 1600 m

a.s.l.; foothills of Kuruchumskii Ridge up to 800 m a.s.l.),
Novgorod Oblast’, and the Southern Urals. A total of 375
females from 13 populations, with eggs in oviducts at dif-
ferent stages of development including the last ones, were
used to estimate the fecundity. The maturity was deter-
mined by the gonad status of females in spring, and by the
presence of mature spermatozoa in testicles and epididy-
mes of males. Skeletochronological technique was used
for age determination of sexual maturity (Smirina, 1974).
The statistical processing of material was conducted with
the spreadsheets MS Excel 7.0 and the statistical package
STATISTICA 6.0. Differences of means were estimated by
criterion of Mann – Whitney (U-test), degree correlation
of indexes was estimated with help of rank correlation of
Sperman (rs).

RESULTS AND DISCUSSION

The earliest appearing of lizards after the hibernation
was noted in the second – third decades of April. Females
appear in 6 – 9 days to 2 – 3 weeks after males, depending
on physical and climatic environmental parameters. After
the hibernation, there were mature spermatozoa in large
testicles of males. The minimum body length of sexually
matured males was 44 – 46.0 mm. The active spermatoge-
nesis lasts until the beginning of June, when the size and
weight of testicles are the highest. The degradation of tes-
ticles starts after the breeding season. By the end of Au-
gust, testicles increase in size again (up to 3.8 � 1.8 mm),
which is connected with the preparation for the next sea-
son of reproduction.

The gonad development in the females also starts at
the end of the hibernation, because 7 – 13 large (2.3 – 4.2 mm)
yellow oocytes were contained in ovaries at the very first
days of activity. The right ovary functions more inten-
sively than the left one. In the end of May – middle of June
mature oocytes 6 – 7.5 mm in diameter enter the oviduct.
The egg size in June increases to (12 – 14) � (9 – 10) mm,
and in July they contain well-formed embryos 15 – 21 mm
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in length. After the birth of young animals (during July)
the ovaries contain follicles 0.7 – 1.3 mm in diameter.

Reproductive parameters. The results obtained by
the method of skeletochronology revealed that females
have survived not less than 2 – 3 hibernations to partici-
pate in reproduction (Kuranova, 1998). Their body length
was 45.6 – 77.3 mm (59.3 ± 0.49; n = 227), and the fecun-
dity was 2 – 14 (6.1 ± 0.14) with mean values 3.6–8.6 em-
bryos or youngs per 1 female in different populations. Pro-
genies of 41.5% females consisted of 4 – 6 youngs, those
in 25.5% — of 7 (Fig. 1). The most variable brood size

was observed in populations of the southern taiga plains
(Tomsk) while less variable — in Chudnoe Lake popula-
tion. A positive correlation was observed between fecun-
dity and female size (rs = 0.68; df = 239, p < 0.001). It was
shown for oviparous and viviparous populations of the vi-
viparous lizard from different parts of its range. Pregnant
females have significantly more embryos in the right ovi-
duct, than in the left one (n = 100; U-test, p � 0.05).

The average fecundity in Tomsk population was
5.6 – 7.1 (6.3 ± 0.21; n = 106) in different years. In two lo-
calities of Northeast Altai (Artybash and Kebezen) a simi-
lar situation was recorded (Table 1). It was demonstrated,
that all females had survived three hibernations in Arty-
bash population, i.e., had been born in 1997. It is likely,
that small size of females and their low fecundity were
caused by the drought during the second half of summer in
1998, which induced dramatic fall of water level in low-
mountain rivers and, consequently, reduction food re-
sources. Females from Markakolskaya depression were
smaller than others and demonstrated the most variable
body length. Their fecundity was less than the total mean.
Their fecundity was less than the total mean, while the
females from Kuruchum Mountains foothills was the larg-
est. Different situation was observed in Kuznetskii Alatau
Mountains, where the largest females with the maximal fe-
cundity occurred in middle mountains (Chudnoe Lake,
1170 m a.s.l.). The lizards from the low mountains of
Kuznetskii Alatau have smaller size and their fecundity is
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Fig. 1. Number of females (%) of viviparous lizard, Zootoca vivipara
with the different brood size (n = 106, Tomsk area).

TABLE 1. Populational Variability of Body Size and Fecundity of Females of Zootoca vivipara in Asian Part of Area

No. Investigated regions Years
Body length, mm

Number of embryos or youngs
for one female

n x ± mx limits n x ± mx limits

1 South Altai, Markakolskaya depression, Uspenka,
1500 – 1550 m a.s.l. 1988 28 54.3 ± 0.94 46.0 – 68.0 28 4.7 ± 0.21 2 – 7

2 South Altai, Markakolskaya depression, Urunhaika,
1500 – 1600 m a.s.l. 1988 11 54.7 ± 1.12 50.0 – 60.5 11 5.2 ± 0.40 4 – 8

3 South Altai, foothills of Kuruchumskii ridge,
up to 800 m a.s.l. 1988 5 62.1 ± 1.03 59.5 – 64.5 5 8.2 ± 0.38 7 – 9

4 North Altai, 900 – 1100 m a.s.l. 2001 9 59.6 ± 1.80 46.8 – 64.8 9 7.7 ± 1.00 3 – 13

5 Nort-East Altai, Pryteletskii region, Artybash,
450 – 500 m a.s.l. 2000 7 55.9 ± 0.80 53.4 – 59.8 7 3.6 ± 0.30 3 – 5

6 North-East Altai, Kebezen, 450 – 550 m a.s.l. 2002 4 58.7 ± 1.74 55.3 – 63.4 4 5.8 ± 0.63 4 – 7

7 Kuznetskii Alatau, Gavrilovka, 550 – 600 m a.s.l. 1978 24 61.4 ± 0.70 52.0 – 67.6 24 6.0 ± 0.32 3 – 10

8 Kuznetskii Alatau, Chudnoe lake, 1170 m a.s.l. 2001 11 73.2 ± 1.08 64.6 – 77.3 11 8.6 ± 0.31 7 – 10

9 Tomsk Oblast’, Prichulym’e, Teguldet, 350 m a.s.l. 2000 7 59.5 ± 1.11 55.4 – 63.2 7 5.1 ± 0.99 2 – 10

10 Suburbs of Tomsk, 90 — 160 m a.s.l. 1978 – 1989 58 58.9 ± 0.81 45.6 – 70.2 27 7.1 ± 0.41 4 – 11

2001 15 60.5 ± 1.25 51.8 – 71.5 15 5.6 ± 0.77 2 – 14

2002 64 59.9 ± 0.61 46.2 – 71.1 64 6.1 ± 0.23 2 – 10

11 Perm Oblast’ 1962 25 61.4 ± 0.97 52.0 – 73.0 22 5.4 ± 0.31 3 – 9

12 Novgorod Oblast’ 1977 8 57.6 ± 1.24 53.2 – 63.2 8 4.9 ± 0.52 4 – 8

13 South Urals 1938, 1982 5 62.8 ± 1.87 57.1 – 67.7 8 6.6 ± 0.68 5 – 9



by 1.4 times lower (Table 1). Thus our data did not show
any clear correlation between the number of offsprings
and the position of the population in respect to the sea
level. But in two lizards (Darevskia valentini and D. cau-
casica) the body length in females and the size of clutch
increased in populations from high altitudes (Darevsky,
1967). While the fecundity of Lacerta strigata is two
times lower in high mountain population in comparison to
plain population (Melkumyan, 1983). Additional investi-
gations on representative samples are necessary to solve
this question.

The comparison of obtained results with earlier pub-
lished data did not reveal the connection between the size
of the offspring and the climate. However, some authors
(Terentjev and Chernov, 1949; Lazareva, 1999) indicate
that the number of newborns decreases northward and
eastward. According to our data, the average population
and individual fecundity in the north is not lower than in
southern populations as marginal populations of the Mar-
kakolskaya depression, where the average fecundity is
4.9 ± 0.25 (2 – 8). The fecundity values of the viviparous
lizard in Yakutia do not differ from those in the females
from the Western Siberia and Ural region, but higher, than
in the populations from Novgorod and Perm’ Oblast’s (Se-
dalishchev and Belimov, 1978). In the north and east of the
Asian part of the area, the values of individual fecundity
range within the same limits as in the European part of the
area.

Our data correspond well to the results obtained on the
mountain population of viviparous lizard (Pilorge and
Xavier, 1981), as well as to the population-ecological pa-
rameters of European Lacertidae (Bauwens, 1999). In
these studies the inter-year variations result from fluctua-
tions in weather and amount of food. Thus, the main repro-
ductive characteristics (female size and fecundity, etc.)
seem to be affected by ecological factors in habitats.
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CONSERVATION OF THE AGILE FROG — THE RAREST AMPHIBIAN
IN THE BRITISH ISLES?

L. Racca1

In Jersey, the agile frog (Rana dalmatina) has declined to a single small population that is displaying erratic breeding
success. Survival of eggs from hatching to metamorphosis can vary from 0 to 20% per year. This gives rise to pulses
in recruitment which are reflected in the age structures of adult frogs. Variations in recruitment — and the resulting
population fluctuations — may be related to the predatory invertebrates in the breeding pools, which in turn are re-
lated to hydroperiod. Microsatellite DNA analyses were employed to evaluate genetic problems within the Jersey
population of frogs. Samples collected from frog populations from mainland Europe were also been used, to compare
the DNA profiles of frogs from Jersey and France. An indication of the level of population management that is likely
to be needed in the future emerged from the genetic analyses and the analysis of field data. Captive breeding will have
an essential role in the long term conservation of Rana dalmatina in Jersey.

Keywords: Agile frog, conservation, ecology, Jersey, microsatellite DNA, population dynamics, Rana dalmatina.

INTRODUCTION

The largest of the Channel Islands, Jersey (117 km2),
situated in the Bay of Mont St. Michel, is little more than
20 km from the northwest coast of Normandy (France)
and 128 km from the English coast. Lacerta bilineata
(green lizard), Podarcis muralis (wall lizard, not found in
the UK), Natrix natrix (grass snake) and Anguis fragilis
(slow worm) are reptiles that can be found in Jersey,
whereas the only amphibian species are Bufo bufo (com-
mon toad), Triturus helveticus (palmate newt) and, finally,
the agile frog, Rana dalmatina (States of Jersey, 2003).
Apart from Jersey, the agile frog is not found anywhere
else in the British Isles (Grossenbacher, 1997). The Jersey
population of agile frogs has been declining in both range
and numbers since the early 1900s (Gibson and Freeman,
1997). In the 1970s, the frog could be found only in seven
localities, and by the 1980s this had dropped to only two
sites (Tonge, 1986). In 1987, a spill of agricultural pesti-
cide in one of the sites caused the loss of one of the two
remaining populations of frogs (Gibson and Freeman,
1997). Therefore, at the present, there is only one site in
the island, a developing coastal heathland, which supports
a wild population of Rana dalmatina. It is a nature reserve
called Ouaisné Common. It presents a variety of habitats,
such as wetland areas, blocks of gorse (Ulex spp.), dwarf
shrub heath, grassland and areas of open sand. The agile
frogs mainly breed in two ponds called North and South
Slack. These, and the area around them, were intensely
surveyed for three consecutive Rana dalmatina breeding
seasons, from 2001 to 2003. The main aim of the study

was to shed light on the dynamics that regulate the last re-
maining wild population of agile frogs in Jersey, as such
knowledge is essential in creating any long term plan for
the management of a habitat and the conservation of the
species living in it (Caughley and Gunn, 1996).

MATERIAL AND METHODS

Surveys were carried out, each year, from the end of
January until the end of August. During each survey, the
following variables were recorded: air temperature at time
of visit, weather conditions, maximum, minimum, and
current water temperature at about 20 cm depth and soil
temperature at 20 cm depth. Rana dalmatina adults were
caught, at night, when they returned to the water to breed
and were marked using Trovan PIT tags (Heyer et al.,
1994). In 2002 and 2003, each animal was also toe-clipped
(Heyer et al., 1994) and the toes individually preserved in
methylated spirit to be later used to age the frogs with the
skeletochronology technique (Castanet and Smirina,
1990). Once the anurans started to lay eggs, day surveys
were regularly carried out. Every time a new clump of
eggs was found, approximately one tenth of the eggs in it
were counted, and the total number of eggs was estimated
by multiplying by ten. The percentage of live eggs was
also recorded. In 2002 and 2003, all the frog eggs were en-
closed in “bags” made with 1-mm gauge mesh that pre-
vented newt predation. During each survey, the stage of
the embryos (Gosner, 1960) and the date when hatching
started were recorded. After hatching, the tadpole devel-
opment was monitored and the start of metamorphs’ emer-
gence noted. Drift fences and pitfall traps (Heyer et al.,
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1994) were used to try to catch froglets as soon as they
started leaving the water. They were made with 1.5 m high
plastic sheets supported by wooden poles. On the side fac-
ing the edges of the ponds, pitfall traps were placed, ap-
proximately one every 2 m. They were 25 cm high plastic
shrub tubs, positioned in holes dug in the ground, covered
by lids which had just a small circular opening, in order to
stop the froglets from jumping out. In 2001, the fences en-
circled the ponds only partially, whereas in the two next
years both water bodies were completely enclosed by
them. The pitfall traps were checked every morning. In
2001, all the froglets caught in the traps or found walking
along the fences were marked with waterproof ink
scratched with the needle of a microfine syringe (1 ml,
0.33 � 13 mm) on the skin of one of their back legs or of
their throat. In 2002 and 2003 marking was not necessary,
as all the metamorphs captured in the traps and along the
side of the fence facing the water were released on the
other side of the fence, and therefore never caught again.

During a four month study carried out at Ouaisné
(Racca, 2000), before starting the first year’s fieldwork,
the potential aquatic predators of Rana dalmatina tadpoles
were identified as being palmate newts (Triturus helveti-
cus) and various species of macroinvertebrates, such as
water beetles, backswimmers, Odonata nymphs and water
spiders. Therefore, during all three years of fieldwork,
data about their presence and relative abundance were col-
lected in both slacks at Ouaisné. Adult palmate newts were
caught in the water, as they regularly came back to the
ponds towards the end of the winter to breed, using funnel
traps (Griffiths and Inns, 1998). Monthly standardized net-

ting sessions were performed in order to catch and identify
macroinvertebrates. Also, as grass snakes (Natrix natrix),
ducks and cats are terrestrial predators of agile frogs at
Ouaisné, they were always recorded if seen.

Finally, microsatellite DNA loci, used as molecular
markers (e.g., Zane et al., 2002), were employed to try to
compare the level of genetic variation between the Jersey
frog population and populations from France, Germany
and Italy (Table 1). Microsatellite loci isolated in Rana
temporaria [Rtempì1, Rtempì5, and Rtempì1, see (Rowe
and Beebee, 2001a)] and Rana latastei [RlatCa17, see
(Garner and Tomio, 2001)] were used in the analyses, as
they showed polymorphism in Rana dalmatina.

RESULTS

Data about the frog spawn development are summa-
rized in Table 2.

Newt were significantly more abundant in 2002 and
2003 than in 2001 (ANOVA, p < 0.001) (Fig. 1). More-
over, in 2001 dragonfly and damselfly nymphs and
backswimmers were more abundant than in the two
following years (ANOVA, p = 0.006, p = 0.008, and
p < 0.001, respectively), whereas damselfly nymphs
were present in significantly lower numbers (ANOVA,
p = 0.008) (Fig. 2). The results of the skeletochronology
are reported in Fig. 3, which shows the percentage of 1, 2,
3, and 4 year old frogs breeding at the site in 2002 and
2003.

Finally, the results of the genetic tests showed that just
1 locus was polymorphic in the Jersey population, 2 in the
Italian population and 3 in the animals from France. In the
German population, 3 loci were polymorphic at Brühl and
all 4 at Dieburg.

CONCLUSIONS

On the whole, a picture of Ouaisné as an adequate,
sometime exceptionally successful, Rana dalmatina
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TABLE 1. Details of Rana dalmatina Sampling

Population N Collected by Date Location

Jersey 40 L. Racca 2002 Ouaisné Common

France 40 L. Racca 2002 Bois d’Ardennes (Avranches)

Italy 39 Dr. E. Marzona 2003 Airasca (Torino)

Germany 30 Dr. A. Kupfer 2003 Brühl

10 Dr. T. Bobbe Dieburg

Note. N, number of samples collected at each location.

TABLE 2. Summary of Data about Rana dalmatina Spawn Development

Parameter
North Slack South Slack

2001 2002 2003 2001 2002 2003

Number of clutches 4 6 12 2 3 4

Estimated number of live eggs 1750 4120 6500 750 1600 2500

Minimum embryonic developmental time, days 36 42 35 27 34 27

Minimum tadpole developmental time, days 66 56 55 78 59 58

Total number of froglets caught 42 553 484 26 427 195

Min percentage survival from egg to metamorphosis 2.4 13.4 7.4 3.5 26.7 7.8



breeding site emerged from the results of the analyses of
the data collected in 2001 – 2003. Low rates of embryonic
and tadpole mortality were recorded during all three years
of surveys and this resulted in at least 2.4% of the tadpoles
completing their development successfully in 2001
(Table 1). This is a good percentage, when compared to
the expected 1 – 2% (Beebee, 1985) for wild anuran popu-
lations. In 2002 and 2003, the situation improved even fur-
ther, with an increased number of clumps laid, reflecting
higher numbers of females breeding at Ouaisné, and an
exceptionally high — 17.1 and 7.5%, respectively — re-
cruitment of froglets (Table 1). Finally, once the meta-
morphs — the most vulnerable phase of a frog’ life —
emerged from the water and dispersed in the surrounding
area, they most likely did not suffer from heavy predation,
since grass snakes, their most dangerous predators, pres-
ently populate Ouaisné Common in extremely low num-
bers (McMillan, personal communication). However, in
the past, the situation has not always been so successful, as
data collected during the ten years preceding the start of
the present research report years when no frog breeding
occurred (Racca, 2002). Moreover, the results of the skele-
tochronology analysis showed that most of the frogs cur-
rently breeding at Ouaisné are young individuals, rarely
older than 2 or 3 years old (Fig. 2). These results therefore
suggest erratic recruitment of metamorphs at Ouaisné.

A much higher proportion of tadpoles successfully
completed their development in 2002 and 2003 than in
2001 (Table 1), even though no apparent changes seemed
to have occurred at the breeding site. The cause of such a
difference may be found by analyzing the mechanisms that
regulate the relationships between the various components
of the ecosystem to which the agile frogs belong. From all
the observations made during three years of surveys, the
main factors influencing the frog aquatic phase are 1) wa-
ter quality, 2) disturbance at the site, 3) competition,
4) predation, and 5) hydroperiod. As the four first factors
did not vary significantly between years, the last two may

be responsible for the differences in recruitment observed.
Each year’s hydroperiod seems to have had a prominent
role in regulating the composition of the frog tadpole pred-
ators’ population. The fact that, due to an exceptionally
dry winter, both Rana dalmatina breeding ponds did not
hold any water from October 2001 to the following Janu-
ary was certainly the cause of the significant variations in
abundances of some of the macroinvertebrates species
(Loman, 2002). Moreover, protection of the spawn in 2002
and 2003 lowered the level of newt predation upon the
eggs. Thus, protection of the spawn is a conservation mea-
sure that, as it does not require much effort, in terms of
time and costs involved, should be adopted at Ouaisné
every year. Moreover, the risk associated with the popula-
tion inhabiting just a small area and mainly breeding in
two ponds next to each other is another aspect to be taken
into account when planning conservation actions. A single
catastrophic event, such a spill of pollutants into the water
during the reproductive season, could kill most of the pop-
ulation and make the habitat unsuitable for the frogs for a
very long time, as was the case at Noirmont, historically a
Rana dalmatina breeding site in Jersey (Racca, 2002).
Furthermore, the results of genetic analyses have sug-
gested that the Rana dalmatina population living at
Ouaisné had low levels of genetic variation, possibly due
to drift and inbreeding, when compared to agile frog popu-
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lations from mainland Europe. Although this has not
always been proved true (e.g., Rowe and Beebee, 2001b),
low level of fitness may be correlated with low levels
of genetic variation (Frankham, 1998; McAlpine, 1993;
Newman and Pilson, 1997; Ralls et al., 1988; Saccheri et
al., 1998). Therefore, more genetic analyses, accompanied
by experimental tests, should be carried out in Jersey to
measure the fitness of the frogs. Finally, whatever the rea-
son for the low genetic variability detected in the frog pop-
ulation breeding at Ouaisné, either a result of their life his-
tory, or a consequence of being on an island (Frankham,
1998), any plans for its conservation have to aim to ulti-
mately increase, or at least maintain, the current level of
population genetic variation. First of all, the distribution
range of the agile frogs in Jersey should be expanded, per-
haps by creating a metapopulation at Ouaisné, through
translocations. Finally, Rana dalmatina individuals from
the captive sites (for details about the Rana dalmatina cap-
tive breeding program in Jersey, see: Partridge, 1995; Rac-
ca, 2002) should be introduced in new suitable sites across
the island.
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THE ROLE OF THE NATIVE POND ODOR IN ORIENTATION
OF THE GREEN TOAD (Bufo viridis LAUR.) YOUNGS-OF-THE-YEAR

V. V. Shakhparonov1 and S. V. Ogurtsov1

Keywords: toadlets, orientation, native pond odor, buffer zone, periods of learning.

INTRODUCTION

It is known that froglets of the pool frog Rana lesso-
nae keep near the native pond for 1 – 1.5 months after me-
tamorphosis and this pattern of behavior is, at least partly,
based on the preference for native pond odor that is learnt
during larval development on stages 18 – 21 and 32 – 43
(stages are given by Gosner, 1960). Preference gradually
changes to indifference or rejection with the onset of dis-
persal (Bastakov, 1986; Ogurtsov and Bastakov, 2001).
Unlike the pool frog that belongs to a semiaquatic ecologi-
cal group of Anura representatives of terrestrial ecological
group, e.g., Bufo viridis, start to disperse from the native
pond much earlier — within a few days. Does the dynam-
ics of the reaction to the native pond odor in terrestrial spe-
cies resemble that in R. lessonae? Does learning of the
native pond odor in toads occur as a two-staged process as
it is in the pool frog?

MATERIAL AND METHODS

The subject of our study was the green toad B. viridis
obtained from the pond (
600 m2) that was located 60 km
west from Moscow. Each day from the onset of meta-
morphosis in the pond we calculated the average density
(mean calculated from minimum and maximum number of
individuals per 1 m2 observed at the place of the largest
emergence of toadlets, total area of 10 m2) of tadpoles,
toadlets near the water edge and toadlets at a distance of
5 – 8 m from the native pond in vegetation. The day when
toadlets moved further than 50 m away from the pond was
regarded as the start of dispersal (explanations in the text).
To reveal the reaction of wild individuals (ind.) to native
pond water we caught 10 groups 5 – 8 m away from the
pond (5 groups, 179 ind., before and 5 groups, 148 ind. af-
ter the start of dispersal) and 5 groups (138 ind.) 50 –
500 m from the pond in the open field.

Juveniles were tested under pair choice conditions in a
plastic chamber 76 � 12 � 15 cm divided into 5 sections.
Tests were conducted under low illumination conditions.
A pair of odorants (for natural toadlets - native pond water
vs strange pond water, for artificially reared toadlets - tap
water solution of chemical marker vs. tap water) was posi-
tioned in Petri dishes at the corners of the chamber. Each
experimental group was divided into 2 or 4 subgroups of
6 – 10 individuals. Each subgroup was tested separately
with an altered position of stimuli. At the start of a test a
subgroup was placed in the center of chamber. For 40 min
toadlets were left walking freely in a chamber and every
5 min we counted the number of individuals in sections.
Then results of subgroups’ tests were combined in accor-
dance to the position of the familiar stimulus thus obtain-
ing 8 consecutive observations on the distribution of a
group as a whole. To analyze the repeated observations we
compared our results with the model of random process
using a distribution stability coefficient (S). It changes
from 0 to 1. The more often toads locate themselves in a
section with a native odor, the higher is the difference be-
tween the number of toads in the opposite sections the
larger is the S for the section with the native odor (“+S”). If
S obtained in a test is larger than 0.83 the distribution of
toads is regarded as stable with p < 0.05. For “+S” distri-
bution is interpreted as “preference” (Fig. 1A), for “–S” as
“rejection.” If neither “+S,” nor “–S” exceed critical value
of 0.83 the distribution is regarded as “indifference”
(Fig. 1B) (for details of the method see Ogurtsov, 2005). In
addition we used Wilcoxon matched pairs test to compare
the number of individuals visiting the opposite sections
during the test. From each group we obtained a pair of
numbers, average numbers of toads that visited the oppo-
site sections with native and strange stimuli during a test.

To reveal the learning period in larval development we
reared tadpoles in the presence of a chemical marker
(Table 1). After metamorphosis toads were tested with a
chemical marker compared to dechlorinated tap water. For
the tests we used morpholine in concentrations 10–8, 10–7,
10–6 mole�liter.

Herpetologia Petropolitana, Ananjeva N. and Tsinenko O. (eds.), pp. 209 – 212 209

1 Department of Vertebrate Zoology, Faculty of Biology, Lomonosov Mos-
cow State University, Leninskie Gory 1�12, 119992 Moscow, Russia;
E-mail: wshakh@yandex.ru, sk-ogurtsov@mtu-net.ru



RESULTS AND DISCUSSION

When moving from water to land, metamorphosing in-
dividuals did not stay long near the water edge, rather they
all moved 5 – 8 m away to vegetation and formed a large
aggregation there (Fig. 2). We called the zone of large ag-
gregation a “buffer” zone as the density of aggregation
there remains stable for a long time due to income of tailed
toadlets and outcome of dispersing individuals. Zone with
moist soil and plenty of shelters seems to be favorable for

toadlets to complete their physiological changes associ-
ated with metamorphosis. When toadlets start to leave the
“buffer” zone we talk about the beginning of dispersal. Af-
ter a week from the beginning of dispersal the majority of
toadlets were found 500 m away from the pond.

Individuals from the “buffer” zone prefer the native
pond water during a week before the beginning of dis-
persal (as described by a distribution stability coefficient
S; Fig. 3). Soon after the start of dispersal some groups of
toads caught in the “buffer” zone could still demonstrate
preference to the native pond water, while others show in-
difference or rejection. The latter are, probably, individu-
als ready for dispersal. At the same time some groups of
toads caught 50 m away from pond could also reveal pref-
erence to the native pond water. These could be individu-
als that make their first exploratory routes but have not de-
cided to leave the pond yet. Later toadlets caught at far
larger distances from the pond demonstrate indifference to
the native pond water. Wilcoxon’s matched pairs test re-
veals significant differences between the number of indi-
viduals visiting native and strange stimuli only for toadlets
caught in the “buffer” zone before dispersal (Fig. 4).

In the current study we investigate only temporal but
not causal relations between toads behavior near the pond
and behaviour in laboratory. Could toadlets simply forget
the native pond odor with time thus revealing indifference
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TABLE 1. Groups of Tadpoles Reared in Different Chemical Markers

Group
Exposition

period, stages
Period characteristics

Marker
(10–7 mole�liter)

1 19 – 21
(first

sensitive
period)

From hatching till the
beginning of active
feeding

Morpholine

2 31 – 41
(second
sensitive
period)

From formation of knee
joint till appearance of
forelimbs

Morpholine

3 31 – 41
(second
sensitive
period)

From formation of knee
joint till appearance of
forelimbs

Phenylethanol
+ isoamyl acetate
+ geraniol

Control 1 – 46 No marker

Native water Strange water
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Fig. 1. Types of reaction to familiar water: A, preference (caught before start of disperse); B, indifference (caught after start of disperse).

TABLE 2. Results of Tests with Chemical Markers

Group N
Marker concen-

tration, mole�liter
Distribution between sections with stimulus, median (min – max) S for sections with stimulus Random

model pnative strange native strange

Control 19 A10–8 8 (7 – 11) 8 (6 – 10) 0.55 0.39 N.S.

32 B10–8 14 (6 – 18) 13 (10 – 19) 0.44 0.56 N.S.

1 18 A10–8 12 (9 – 14) 5 (2 – 8) 1.00 0.00 <0.01

2 20 A10–8 6 (3 – 7) 4 (3 – 6) 0.96 0.04 <0.01

20 A10–6 4 (0 – 6) 6 (4 – 7) 0.03 0.97 <0.01

3 20 B10–8 5 (1 – 11) 2 (1 – 3) 0.94 0.06 <0.05

Note. A, morpholine; B, phenylethanol + isoamyl acetate + geraniol.



to it during dispersal? A special study showed that the
main parameters determining the type of reaction to the
native pond odor in B. viridis and R. temporaria are the
age of juveniles (but not the time spent on land after meta-
morphosis) and, probably, temperature and moisture con-
ditions that determine the onset of dispersal (Arhipova et
al., in press). Thus groups of wild toads hold in laboratory
for 9 – 14 days still preffered the odour whereas newly
caught individuals from natural conditions started to dis-
perse and were indifferent to the same stimulus (unpub-
lished data). So it seems that toads could switch the reac-
tion off rather than forget it.

Toadlets that were reared in a chemical marker at first
(Group 1) and at second exposition period (Groups 2, 3)
showed preference to it (Table 2). Concentration of the
marker more than that used during exposition caused re-
jection. One could assume that toadlets interpret high con-
centration of familiar odor as excessive proximity to na-
tive pond and try to keep some distance away from the
odorant, as probably do wild toads from the “buffer” zone.
Control group reacted indifferently to all chemical mark-
ers offered.

Like semiaquatic species, such as R. lessonae, B. viri-
dis toadlets stay for a certain period near the native pond
and prefer its odor. After the onset of dispersal they be-
come indifferent or reject this odor. But unlike randomly
distributed froglets of R. lessonae, green toads form dense
aggregation in a “buffer” zone where they undergo physio-
logical maturation. Like R. lessonae the green toad seems
to have two periods of learning of chemical stimuli mark-
ing the native environment during larval development.
The type of reaction to native chemical marker could de-
pend on its concentration, the fact also known for the pool
frog (Ogurtsov and Bastakov, 2001). Thus, representatives

of two ecological groups of Anura (R. lessonae and B. vi-
ridis) have much in common concerning the periods of
learning and dynamics of reaction to the native pond odor.
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NEW DATA ON REPRODUCTIVE BIOLOGY
OF CAUCASIAN SPECIES OF THE GENUS Vipera

K. A. Shiryaev1

Keywords: Vipera, Caucasian species, captive breeding, reproductive biology, comparative analysis.

INTRODUCTION

Numerous investigations on taxonomy, geographical
distribution, ecology and phylogeny of Caucasian repre-
sentatives of the genus Vipera Laurenti, 1768 were carried
out for more than 100 years (for details see Nikolsky,
1913; Orlov and Tuniyev, 1986; Nilson et al., 1995). Mod-
ern investigations include the use of enzyme electrophore-
sis (Nilson et al., 1995) and sequencing of the mitochon-
drial cytochrome b gene (Joger, in press). At the same
time, fragmentary data on the reproductive biology of
Caucasian Vipera species were cited only for such taxa as
Vipera kaznakovi, V. dinniki, V. renardi, V. ammodytes
transcaucasiana, and V. r. raddei (Bozhansky, 1984; Orlov
and Tuniyev, 1986; Darevsky and Orlov, 1988; Nilson
et al., 1995; Trutnau, 1998). This may be due to the fact
that the authors were not working with captive breeding
groups of vipers, and field investigations were not in-
volved with accumulating quantitative data on the biology
of certain species.

An acute deficiency of data has not permitted a com-
parative analysis of various aspects of the reproductive bi-
ology of Caucasian vipers, or to reveal specific, subspeci-
fic and population differences. However, the results of

such analyses, especially involving research in hybridiza-
tion, can be used to reveal the mechanisms of reproductive
isolation, and also for solving controversial questions of
the taxonomy of Vipera genus. On the other hand, working
out methods for breeding reptiles under terrarium condi-
tions is a necessary part of zoo activity focusing on nature
conservation.

Some preliminary results of research on the breeding
biology of V. lotievi, V. eriwanensis, V. renardi, and
V. a. transcaucasiana have been published earlier (Shirya-
ev, 2002, 2003). This paper is the first attempt to compare
some characteristic aspects of the reproductive biology of
Caucasian representatives of the genus Vipera.

MATERIAL AND METHODS

Investigations were carried out in 1999 – 2003 at the
Tula Exotarium with breeding groups (from 6 to 22 speci-
mens in each group) of 9 taxa. The origin of all animals is
given in Table 1. Detailed methods of keeping vipers of
the genus Vipera at the Tula Exotarium have been de-
scribed previously (Shiryaev, 2002). Annual simultaneous
taking out in March from the hibernation the temperature
of which was +2 – 12°C, the separate keeping of males
and females, using in March – April as factors stimulating
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TABLE 1. Origin of the Specimens Used in the Investigations of Reproductive Biology

Taxon Sample locality Altitude, m

Vipera orlovi Russia, Krasnodar Krai: Praskoveevka, Mikhailovskii and Papaiskii passes, Aderbievka 70 – 360

V. kaznakovi Russia, Krasnodar Krai, Adler �50

Russia, Krasnodar Krai, Krasnaya Skala 400

V. dinniki Russia, Krasnodar Krai, Achishkho Mountain 1200 – 1800

Russia, Krasnodar Krai, Kardyvach Lake 1850 – 2000

V. darevskii Armenia, Legli Mountain 2600 – 2800

V. renardi Russia, Krasnodar Krai: Verkhnebakanskii, Goryachii Klyuch 150 – 250

Russia, Volgograd Oblast’, Kamyshevka <200

V. lotievi Russia, North Ossetia, Karmadon 1200 – 2000

V. eriwanensis Armenia, Ara-Iler Mountain 1800 – 2300

V. ammodytes transcaucasiana Georgia, 15 km to the west from Tbilisi 1100 – 1500

V. r. raddei Armenia, Yerevan – Sevan region >1500



breeding of every-day seances of ultraviolet radiation and
gradual increasing of light day in the laboratory were nec-
essary conditions of our work.

Introductions of males and females were initiated on
the 7th day following the end of hibernation; introductions
were repeated every day until all signs of sexual activity
ceased in males. We noted the dates of matings for each
specimen, the duration of copulations, dates of giving
birth and the number of neonates for each female. Dates of
giving birth for several females which were already gravid
when caught were registered separately. The method of
hybridization was used since 2002.

RESULTS AND DISCUSSION

Mating period. The main temporal characteristics
(the maximum interval between the end of hibernation and
the first mating, the interval between the first and last cop-
ulations during the spring, the duration of matings and the
interval between copulations for males which mated re-
peatedly during the spring) noticeably vary in specimens
within each taxon. But, between the taxa, there are clearly
marked differences in these characteristics (Table 2). The
ability of male vipers to mate with several females during
one breeding season has already been noted for V. r. raddei
(Trutnau, 1998), and was confirmed by our investigations
for six Caucasian species. The following example is dem-
onstrative. One male of V. lotievi during an 8-days period
(from March 29 to April 6, 2002) mated in turn with four

females which gave birth in July to 60 viable neonates. Fe-
males of the species investigated by us copulated in terrar-
ium during the spring, with a rare exception, one time

Period of gravidity of females. The period of
gravidity (from mating till giving birth) in vipers which
are kept in captivity under optimum temperature condi-
tions and food supply is somewhat shorter than in speci-
mens of the same species which occur in nature. There-
fore, females of taxa which we investigated (data are lack-
ing for V. darevskii) under laboratory conditions mated
from the middle of March till the middle of April and gave
birth in June, or much more rarely in July. In natural habi-
tats, females of V. renardi, V. kaznakovi, V. dinniki,
V. a. transcaucasiana, and V. r. raddei mate in March-May
and give birth in August – September. Their gravidity,
therefore, lasts more than 3 months (Bannikov et al., 1977;
Bozhansky, 1984; Orlov and Tuniyev, 1986; Ananjeva et
al., 1998). Our observations of females caught 1 – 1.5
months before giving birth confirm and supplement the lit-
erature data (Table 3). However, by keeping all species of
the genus Vipera in Tula Exotarium, this permitted us to
compare the relative period of gravidity of females be-
longing to different taxa (for details see Comparative
analysis).

Potential of breeding. V. lotievi, V. r. raddei, and
V. orlovi have the greatest productivity among Caucasian
species of Vipera (Table 2). The maximum total number of
newborns received from one female over 3-years period
(females were breeding annually) was: V. lotievi — 41,
V. r. raddei — 31, V. orlovi (Papaiskii pass) — 31, V. re-
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TABLE 2. Reproductive Biology of Caucasian Representatives of Vipera Genus under Terrarium Conditions

Species
subspecies

Minimum interval
between the end

of hibernation and
first mating, days

Maximum
duration of period

of matings,
days

Duration
of copulation,

h:min,
min – max�x

Number
of copulations

during the spring
(for males), max�x

Interval
between matings

(for males),
days

Duration
of gravidity

(for females), days,
min – max�x

Number
of newborns
(for females)
min – max�x

Vipera orlovi 11 20 1:10 – 4:30�2:11
(n = 17)

2�1.36
(n = 14)

4 – 8
(n = 5)

70 – 85�77.6
(n = 14)

4 – 13�8.00
(n = 18)

V. kaznakovi 11 20 1:10 – 7:00�3:48
(n = 6)

2�1.50
(n = 6)

11 – 15
(n = 3)

72 – 83�77.0
(n = 5)

2 – 11�6.36
(n = 11)

V. dinniki 15 10 2:00 – 5:45�3:43
(n = 6)

2�1.50
(n = 4)

7
(n = 2)

68 – 89�75.0
(n = 6)

3 – 7�4.50
(n = 8)

V. darevskii — — — — — — 7 (n = 1)

V. renardi 18 7 1:35 – 2:20�1:55
(n = 4)

2�1.33
(n = 3)

3
(n = 1)

68 – 85�76.8
(n = 5)

3 – 15�7.33
(n = 12)

V. lotievi 15 10 0:50 – 3:00�1:59
(n = 15)

4�1.87
(n = 8)

1 – 5
(n = 7)

68 – 81�73.6
(n = 14)

2 – 20�10.37
(n = 19)

V. eriwanensis — — — — — 80
(n = 1)

6�6.00
(n = 2)

V. ammodytes
transcaucasian
a

25 — — 1�1 (n = 2) — 83
(n = 1)

3 (n = 1)

V. raddei raddei 16 26 3:00 – 4:40�3:30
(n = 6)

2�2
(n = 3)

10 – 13
(n = 3)

92 – 104�96.6
(n = 5)

4 – 14�9.14
(n = 7)



nardi (Verkhnebakanskii) — 23, and V. dinniki (Achish-
kho Mountain) — 12. Captive-born females of V. lotievi
bred for the first time at the age of 2 years, gave birth to
5 – 9 young neonates, while females of V. kaznakovi and
V. orlovi gave birth to 2 – 4 young.

Laboratory hybridization. To investigate mecha-
nisms of reproductive isolation between species of the
subgenus Pelias Merrem 1808, in 2002 we produced
interspecific hybrids in the laboratory between: 1) V. lotie-
vi (Karmadon) and V. renardi (Kamyshevka), 2) V. renardi
(Kamyshevka) and V. eriwanensis (Ara-Iler Mountain),
3) V. kaznakovi (Adler) and V. dinniki (Achishkho Moun-
tain). All hybrid specimens are viable and are character-
ized by a rapid growth in comparison to the offspring pro-
duced from intraspecific breeding.

Comparative analysis. Analyzing the results of our
investigations, we noted in the reproductive biology of
V. r. raddei two characteristics which differentiate this rep-
resentative of the subgenus Montivipera Nilson et al.,
1995, from the species of the subgenus Pelias: (1) a more
prolonged period of matings and (2) a longer period of fe-
male gravidity (Table 2). These characteristics, in our
opinion, have a taxonomic significance. V. r. raddei is also
characterized by a comparatively long average duration of
copulation (more than three hours) and a larger average
number of newborns per female (9.14).

Within the subgenus Pelias we distinguished for the
species of the V. kaznakovi complex (V. kaznakovi, V. din-
niki, V. orlovi) the following features which differentiate
them from the representatives of the V. ursinii complex
(V. renardi, V. lotievi): 1) the larger maximum and average
values of duration of copulation; 2) the longer interval be-
tween matings in males; and 3) the smaller maximum
number of newborns in females (Table 2). It is possible
that these distinctions have a genetic basis, and also can be
important for the taxonomy of the genus Vipera. The fact
that the values of all three features considered above are
rather close in V. orlovi and species of the V. ursinii com-
plex is worth attention. In our opinion, this is a conse-
quence of a natural hybridization between the taxa “orlo-
vi” and “renardi” which occur sympatrically in the north-
western foothills of the main Caucasus Ridge.

Between the ecological groups of lowland (V. kazna-
kovi, V. orlovi, V. renardi) and montane (V. dinniki, V. lotie-
vi) species of the subgenus Pelias some differences in the
average duration of the period of gravidity were observed.
In the montane group, this duration is shorter. Evidently,

this peculiarity is an adaptation for living in the mountains
where the warm season is very short.
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TABLE 3. Dates of Giving Birth of Vipers Caught at Last Stages of
Gravidity

Taxon Locality Dates of giving birth

V. orlovi Praskoveevka 08�1�2001 (n = 1)

V. kaznakovi Krasnaya Skala 08�12�2000 (n = 1)

V. dinniki Achishkho Mountain 09�18 – 10�3�1999 (n = 5)

V. dinniki Kardyvach Lake 10�18�2002 (n = 1)

V. darevskii Legli Mountain 09�4�2000 (n = 1)

V. renardi Goryachii Klyuch 08�5�2002 (n = 1)

V. lotievi Karmadon 08�13 – 08�19�2000 (n = 5)

V. eriwanensis Ara-Iler Mountain 09�1�2001 (n = 1)

V. r. raddei Yerevan — Sevan region 09�18�1999 (n = 2)



ECOLOGICAL PREFERENCES OF THE ITALIAN NEWT Triturus italicus

(PERACCA, 1898) IN CALABRIA

E. Sperone1 and S. Tripepi1

Keywords: Triturus italicus, ecology, Calabria

INTRODUCTION

The Italian newt Triturus italicus (Peracca, 1898) is an
endemic species of central-southern Italy, occurring only
to the South of the Province of Frosinone (Latium) in the
west coast and to the South of Ancona in the east one
(Giacoma, 1988; Scillitani, 1996; Bologna, 2000). Calab-
ria represents the southern limit of its distribution (S.H.I.,
1996; Tripepi et al., 1999).

MATERIAL AND METHODS

Study area. The region of Calabria is the southern tip
of the Italian peninsula. It has an area of 15,080 km2 with a
mainly mountainous (42%) and hill (49%) geography and
an average elevation of about 556 m above sea level
(a.s.l.). Plains are a small part (about 9%) of the total area
of the region. The climate shows Mediterranean features
with mild winters and hot and sultry summers, although it
differs within the region according to exposure and alti-
tude. Indeed, there are some important climatic differ-
ences between the two sides of Calabria: the Tyrrhenian
side is more exposed to humid winds and has an ocean-

like climate with a large amount of precipitations; instead,
the Ionian side is exposed to African influences and shows
high yearly temperatures and short and intense precipita-
tions (Versace et al., 1989; Caloiero et al., 1990).

Data collection and analysis. Data presented in this
work were collected on field from 1983 to 2000. On cap-
ture some biometric measurements (total length, snout-
vent length and weight) from each specimen were taken.
Other important environmental information was collected:
all information was registered in the herpetological data-
base of the Department of Ecology, University of Calabria
(Rossi et al., 1991).

RESULTS AND DISCUSSION

Biometry. The Italian newt is a small newt and in the
study area adults rarely are larger than 7 – 8 cm including
tail (longest total length recorded: 9.1 cm; specimen: adult
female; place: Massif of Pollino; shortest total length re-
corded 2.4 cm; specimen: adult male; place: Massif of
Pollino). Usually males are smaller than females: by
sample of 1393 males and 1531 females, the formers reach
a mean value of body length of about 3.009 cm (s = 0.34)
(Fig. 1), the latters reveals of about 3.34 cm (s = 0.42)
(Fig. 2). Processing biometric data reveals a relationship
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between average corporeal size of the populations of
newts and the altitude of their location. The relationship is
statistically significant and gives prominence how the av-
erage weight of the specimens considered (Fig. 3: males;
n = 1201; correlation factor = 0.516) and the average
snout-vent length (Fig. 4: females; n = 1527; correlation
factor = 0.520) increase with the altitude. This relation-
ship may be the result of the greater environmental stabil-
ity of the biotopes of high altitude in comparison with the
biotopes of lower altitude: in the presence of more stable
environmental factors the newts of high altitudes can ex-
tend the permanence in water and the fooding period, in-
creasing their sizes respect to the newts of lower altitudes.
Probably populations at high altitude are more long-lived
than those at lower altitude and have a smaller annual rate
of growth (Giacoma et al., 2003).

Distribution. The Italian newt is the most frequently
encountered salamander in Calabria (Giacoma et al.,
1988). The 354 sampling resorts are placed rather uni-
formly in the study area (Fig. 5). In Calabria the Italian
newt occurs from sea level to 1855 m a.s.l.: Sorgente Fri-
do, in the Massif of Pollino, represents the highest locality
know to be inhabited by Triturus italicus in its range (Lan-
za, 1977; Arnold and Burton, 1978; Tripepi et al., 1994;

Brunelli et al., 1996). This newt can be considered an
euryhypsic (sensu Brandmayr and Zetto-Brandmayr,
1979) tendentially eurytherme species. However, it is most
frequent from sea level to 1000 m a.s.l. (Fig. 6).

Habitat. The Italian newt is an euryecious species
with a high degree of flexibility and colonizes a lot of
aquatic ecosystems (Fig. 7). However, it has a high prefer-
ence for man-made tanks, used for irrigation, ponds and
small seasonal pools.

Coexistence with other Amphibians. In the study
area the Italian newt was founded in syntopy with: Rana
synklepton esculenta (37.28%), Rana italica (29.66%),
Hyla intermedia (25.70%), Bufo bufo (19.77%), Rana dal-
matina (19.49%), Bombina pachypus (13.28%), Triturus
carnifex (9.32%), Bufo viridis (8.19%), Salamandrina ter-
digitata (2.82%), Triturus alpestris (1.41%), and Sala-
mandra salamandra (1.41%). B. viridis, B. pachypus,
S. terdigitata, and S. salamandra live in habitats that do
not meet Italian newt requirements: the green toad is usu-
ally found in sandy habitats, the yellow-bellied toad pre-
fers shallow water habitats (small pools in marshes, wheel
ruts and temporary puddles), the fire salamander and the
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spectacled salamander have terrestrial habits and go to
brooks and streams during the breeding season.

Low percentage values of syntopy between the Italian
newt and the other newts of Calabria are not the result of
the absence of relationships between them, but are influ-
enced by the restricted distribution of Italian Warty newt
and Alpine newt.

Acknowledgments. This study was supported by grant of
the Aspromonte National Park (Calabria, Southern Italy) and it is
included in a research project of the Doctorate in “Animal Biol-
ogy” (University of Calabria).

REFERENCES

Arnold E. N. and Burton J. A. (1978), A Field Guide to the
Reptiles and Amphibians of Britain and Europe, Collins,
London, pp. 40 – 52.

Bologna M. A. (2000), “Triturus italicus (Peracca, 1989),” in:
Bologna M. A., Capula M., and Carpaneto G. (eds.), Anfibi e
Rettili del Lazio, Fratelli Palombi Editori, Roma, pp. 44 – 45.

Brandmayr P. and Zetto-Brandmayr T. (1979), “Contribution
to ecology of an euryhypsic ground-beetle of eastern Alps
and dinaric karst, Carabus creutzeri Fabr.,” Zool. Jb. Syst.,
106, 50 – 64.

Brunelli E., Rossi F., and Tripepi S. (1996), “Gli anfibi della
provincia di Cosenza: distribuzione ed ecologia,” Rend. Sem.
Fac. Sci. Univ. Cagliari, 66(1), 85 – 96.

Caloiero D., Niccoli R., and Reali C. (1990), “Le precipitazio-
ni in Calabria (1921 – 1980),” in: C.N.R.-I.R.P.I. Geodata,
pp. 1 – 36.

Giacoma C. (1988), “The ecology and distribution of newts in
Italy,” Ann. Inst. Mus. Zool. Napoli, 26, 49 – 84.

Giacoma C., Picariello O., Puntillo D., Rossi F., and Tripepi S.
(1988), “The distribution and habitats of the newt (Triturus,
Amphibia) in Calabria (Southern Italy),” Monit. Zool. Ital.
Nov. Ser., 22, 449 – 464.

Giacoma C., Marzona E., and Seglie D. (2003), “Ambiente
montano e modificazioni fenotipiche in un vertebrato pecilo-
termo, Triturus alpestris,” in: Proc. of the 64th UZI Congr.,
September 21 – 25, 2003, Varese, p. 30.

Lanza B. (1977), “Sympatry and coexistence in the Italian Tri-
turus, with notes on the ‘Molge italica molisana‘ problem
(Amphibia, Salamandridae),” Monit. Zool. Ital. Nov. Ser., 11,
113 – 118.

Rossi F., Ripolo D., Scalzo A., Trecroci T., and Tripepi S.
(1991), “Banca dati dell’erpetofauna calabrese,” S.It.E. Atti,
12, 977 – 981.

Scillitani G. (1996) “Tritone italico,” in: Scillitani G., Rizzi V.,
and Gioiosa M. (eds.), Atlante degli Anfibi e dei Rettili della
provincia di Foggia, Monografie del Museo Provinciale di
Storia Naturale di Foggia e del Centro Studi Naturalistici
Vol. I, Gitto, Foggia, pp. 48 – 49.

Societas Herpetologica Italica (S.H.I.) (1996), “Atlante prov-
visorio degli Anfibi e dei Rettili italiani,” Ann. Mus. Civ. Sto-
ria Nat. G. Doria, XCI, 95 – 178.

Tripepi S., Rossi F., Serroni P., and Brunelli E. (1994),
“Distribuzione altitudinale degli Anfibi in Calabria,” Acta
Biol., 71, 67 – 101.

Tripepi S., Carelli B., Giardinazzo E., Sperone E., and Serro-
ni P. (1999) “Distribuzione degli anfibi nella provincia di
Reggio Calabria: dati preliminari,” Riv. Idrobiol., 38(1 – 3),
141 – 149.

Versace P., Ferrari E., Gabriele S., and Rossi F. (1989) “Valu-
tazione delle piene in Calabria,” in: C.N.R.-I.R.P.I. Geodata,
pp. 1 – 35.

218 Herpetologia Petropolitana, Ananjeva N. and Tsinenko O. (eds.), pp. 216 – 218

25

%

0
–

20
0

20
1

–
40

0

40
1

–
60

0

60
1

–
80

0

80
1

–
10

00

10
01

–
12

00

12
01

–
14

00

14
01

–
16

00

>
16

00

20

15

10

5

0

Fig. 6. Altitudinal preferences.

50

Ta
nk

s

P
oo

ls

P
on

ds

L
ak

es

P
ea

t-
bo

gs

C
an

al
s

S
ou

se
rs

B
ro

ok
s

St
re

am
s

F
iu

m
ar

e

R
iv

er
s

Te
rr

es
ti

al
en

vi
on

m
en

t

40

30

20

10

0

%

Fig. 7. Habitat preferences.



MAPPING IMPORTANT HERPETOFAUNAL AREAS IN NORTHERN EUROPE

A. H. P. Stumpel1 and K. F. Corbett2

Keywords: amphibians, areas, conservation, Europe, habitat assessment, mapping, reptiles, status.

INTRODUCTION

The “Important Herpetofaunal Areas in Europe”
(IHA) project aims at producing a book that will include
an overview of the most important areas for reptiles and
amphibians in Europe. This is intended to provide infor-
mation to planners, policy makers and conservationists
and enable them to better protect reptiles and amphibians
(herps) and their habitats. The project is divided into
phases, with both species accounts and country accounts
included. Similar books have been published by others on
birds (Heath and Evans, 2000) and butterflies (van Swaay
and Warren, 2003) and one on plants is in preparation.

Reptiles and amphibians are recognized as having
many vulnerable and threatened taxa (species, sub- and
super-species) and many countries have set up Red Data
Books for herps. A modest selection of species is listed
on the European Union’s Habitat Directive (Directive
92�43�EEG), under Annexes II and IV, and all species
also figure on the Bern Convention (BC) under its An-
nexes II and III (Anonymous, 1979). All member states
and contracting parties have legal obligations to protect
these species and their habitats, except for the species of
BC Annex III. The SEH Conservation Committee (CC)
has played an important role in obtaining official Recom-
mendations by the BC that relate to the conservation of
specific habitats and, moreover, to demands for adequate
habitat management. In practice, however, it has become
clear that policy makers do not always know, or even care,
which habitats need to be protected. Furthermore, protec-
tion on paper does not always equate to the physical pro-
tection of sites; i.e., implementation is sometimes prob-
lematic. During the 1980s and 1990s the CC conducted a
series of habitat assessments for the most threatened spe-
cies and, in conjunction with the IUCN SSC for European
Herpetofauna, drafted a series of Species Action Plans that
identified threats and proposed conservation measures.
The methods employed are now being used as a basis for
the identification of IHAs.

The IHA project started in 2002 within the framework
of the Pan European Ecological Network (Nowicki, 1998).
This project has no direct links to the designation of the
Natura 2000 areas for the European Union, but is seen as a
useful yardstick for this exercise. The IHA project is cur-
rently underway and should be finished by the end of
2004. The last obstacle to be tackled is the identification of
IHAs in Northern Europe and, with this in mind, a poster
presentation was given at the 12th SEH General Ordinary
Meeting at St. Petersburg in order to raise interest and ob-
tain cooperation from attendees.

METHODS

The two main information sources for the book are ex-
isting files containing previous CC habitat assessments
and a questionnaire designed specifically for the IHA pro-
ject. The CC habitat assessments involved the determina-
tion of key features in the field and the subsequent identifi-
cation of actual and potential habitats. For the second ap-
proach, specialists have been invited to act as co-workers
and to complete a questionnaire. This is in the form of a
computer program that can be downloaded from the IHA
web-site www.iha.alterra.nl. A manual with detailed in-
structions (Stumpel and Corbett, 2003) is also available on
the web-site.

Although existing information could be used from
species accounts, providing clear guidelines as to how se-
lect IHAs for countries proved to be difficult. A European
Red Data Book for herps does not exist as yet, but prelimi-
nary rankings have been made by Honegger (1981),
Corbett (1989), and Anonymous (2001). The latter two are
similar and were drawn up in conjunction with the CC, a
process involving many national and taxon experts. Cor-
bett’s (1989) work resulted in a categorization of three
classes: (a) taxa with a limited range that present a clear
conservation problem; (b) taxa showing a decline across a
significant part of their range; (c) taxa known to be at risk,
but with insufficient information about their status. In
Anonymous (2001), species are listed under five threat
categories: critically endangered, endangered, vulnerable,
lower risk and data deficient. The selection of taxa for the
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IHA project was based on the same methods used for the
butterfly project (van Swaay and Warren, 2003), i.e., IHA
target taxa are those which meet at least two of the follow-
ing criteria:

1. The taxon is restricted to or found primarily in Eu-
rope (listed according to the categories from above; Cor-
bett, 1989; Corbett et al., 1990; Andrén et al., 1991, 1993;
Anonymous, 2001).

2. The taxon is either on Appendix II of the Bern
Convention and�or on Annexes II or IVa of the Habitat
and Species Directive.

3. The taxon is globally threatened according to the
IUCN Red List of Threatened Animals (Baillie and
Groombridge, 1996).

This selection resulted in the identification of 59 target
taxa (16 amphibians and 43 reptiles; Table 1). The most
important habitats occupied by these taxa will qualify as
IHAs. The IHAs are further divided into two types (Sites
and Areas) to distinguish between taxa restricted to indi-
vidual sites, where site based conservation measures are
applicable, and widely distributed taxa, which are more
suited to conservation initiatives that operate at a large
scale (Stumpel and Corbett, 2003). IHAs can also be areas
with rich assemblages of different taxa, including some
fitting the threatened definitions above.

For the country accounts, areas can be selected using
adapted criteria:

1. The habitat accommodates a species�taxon threat-
ened across a significant part of its European range.

2. The area is one of the best habitats for the spe-
cies�taxon in the country.

3. The area harbors a rich variety of reptiles and
amphibians.

4. Data are sufficient for the proposal of an IHA.

5. Data are sufficient to identify specific conservation
measures required.

CALL FOR HELP

The IHA project cannot be done without the help of
herpetologists all over Europe. To date, 25 specialists have
promised to provide data for the species accounts and the
first completed questionnaires had already been received
by the time of the 12th SEH General Ordinary Meeting at
St. Petersburg.

During the early stages of the project it became clear
that, on the basis of the target taxa selected, only countries
in Southern Europe would have IHAs. The book, however,
was meant to cover the whole of Europe so a second phase
was initiated. This aimed to map IHAs in every European
country and therefore interpose a national dimension on
top of the broader international view. To supplement the
information from Southern Europe already being obtained
from the species accounts, additional data from Northern
Europe had to be collected. Using the new criteria, na-
tional compilers were asked to identify the relevant spe-
cies and select 5 – 25 IHAs per country (with the number
related to the surface area of the country).

An extension of the network of contributors was
needed in the short term and it was anticipated that the
SEH congress would be an ideal venue for attracting co-
workers. This has been the case and further co-workers
have been found for a number of countries in the mean-
time. However, too many countries are still lacking contri-
butors to the book and it will therefore be a race against
time to finish the full book on schedule. The quest for
cooperation is continuing and interested herpetologists
remain invited to contact the project team (see the IHA
web-site).
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TABLE 1. Preliminary Selection of Target Species�Taxa

Salamanders Chioglossa lusitanica, Euproctus platycephalus, Mertensiella luschani, Proteus anguinus, Salamandra atra aurorae, S. lanzai, Spe-
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Turtles Caretta caretta, Chelonia mydas (MED), Testudo graeca nikolski, T. graeca (W), T. hermanni (W), Trionyx triunguis (MED)

Lizards Algyroides marchi, Chalcides simonyi, Chamaeleo chamaeleon (W), Euleptes europaea, Gallotia galloti insulanagae, G. simonyi
gomerana, G. s. intermedia, G. s. machadoi, Lacerta aranica, L. aurelioi, L. bedriagae, L. bonnali, L. clarkorum, L. dryada, Podarcis
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sinii, V. wagneri

Note. W, Western population; MED, Mediterranean population.
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AN ACCESS TO THE FEMALES AS A RESOURCE
OF MALE’S TERRITORY IN Lacerta saxicola

A. Yu. Tsellarius1 and E. Yu. Tsellarius1

INTRODUCTION

Recent ideas of social interrelations of animals,
territoriality included, are mainly based on the results of
investigations of social insects, birds and mammals. These
animals are characterized by great postnatal parental in-
vestment. Many features of mating systems and systems of
resource monopolization are considered as direct results of
optimization of this investment (Emlen and Oring, 1977;
Davies, 1992). Amphibians and reptiles do not have such
investment. However, social structure of their communi-
ties may have characteristics closely resemble social inter-
relations in birds and mammals. It is probable that a de-
tailed analysis of formation of social structure of reptiles
would be useful for solution of some problems of behav-
ioral ecology.

MATERIAL AND METHOD

Since 1996, we have been observing a settlement of
bisexual Lacerta saxicola in one of canyons of the Navagir
mountains, in Northern Caucasus. The settlement is lo-
cated in a little clearing in a dense hornbeam-beech forest.
Such clearings that arise as a result of a fall of one or two
trees are the most favorable habitat to Lacerta saxicola in
studied region (Tsellarius and Tsellarius, 2001). The space
under forest canopy outside the clearings is sparsely popu-
lated, and the majority of encountered individuals were the
wanderers.

The observed settlement included 19 to 25 individuals
in different years, sex ratio was nearly 1:1. Every spring,
all settled members of the settlement were captured and
measured, the color mark was renewed if required. The
same operations were performed with the wanderers
which visited the territory of the settlement. In every lizard
we amputated in certain pattern up to three phalanxes of
fingers. It is a permanent mark, which permits to recognize
the individual during all its life and, additionally, ampu-
tated phalanxes are used to determine the age of lizards by
bone layers. Every day, if the weather was favorable for
activity of the lizards, the territory of the settlement was
under surveillance during one to five hours. Recorded

were the movements over the space and the behavior of
lizards during encounters with conspecifics. In total, by
now, we have marked nearly two hundred lizards, and the
overall duration of observations being more than 450 h.
As an index of diversity of females in home range of a cer-
tain male we use the polydominance index (1 � Së � 8)
(Pesenko, 1982). An intensity of a male patrolling was es-
timated as a ratio of the frequency of registration of patrol-
ling to that of any other activities (Tsellarius and Tsellari-
us, 2005). The index named “aggression level” presents a
stage of stereotyped agonistic behavioral pattern to which
this pattern has been reduced in the average (Tsellarius and
Tsellarius, 2004a). Detailed description of the observing
technique and the data handling were published earlier
(Tsellarius and Tsellarius, 2001, 2002).

RESULTS

Space Use in Males

During one or two years after a hatching the males of
Lacerta saxicola wander over the vast space, that is up to
0.5 km2. A switch to the settled mode of life occurs, as a
rule, soon after reaching sexual maturity, i.e., after a sec-
ond hibernation. Having settled, the male usually keeps fi-
delity to the selected site during all the life, i.e., up to
5 – 15 years. In the initial period of settled life the male
does not display any aggression towards conspecifics, i.e.,
he has a non-territorial status. He uses the space of home
range more or less evenly, there are neither area of concen-
trated use (the core area, in sensu: Samuel et al., 1985) nor
centers of activity. In this stage of life male’s home range
is on average 118 ± 24.1 m2 (n = 5) and broadly overlaps
both the home ranges of the coevals and those of the terri-
torial males. We term the males of such stage the poachers.
The period of poacherism lasts 2 – 3 years, sometimes up
to 5 years, certain individuals probably can be stuck in this
status for all the life (Tsellarius and Tsellarius, 2002). The
males that passed into the next stage of ontogenetic trajec-
tory — that is territorial stage — were named the resi-
dents. The home range of resident is less than poacher’s
home range (75 ± 34.2 m2, n = 12, t = 2.94), and always
has strongly pronounced internal structure. The main ele-
ments of the home range are: an area of concentrated use
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or core area; the centers of activity; the patrol routes. The
residents, unlike poachers, display an aggression towards
other males. The aggressive initiatives are localized
within the bounds of the area of concentrated use, i.e.,
there exists a territory. Size of the territory is on average
20.3 ± 3.06 m2. The home ranges of residents may broadly
overlap. The core areas, however, are completely separate
in all instances. The structure of resident’s home range is
strongly determined by the individual space patterns of the
females inhabiting his home range (Tsellarius and Tsellari-
us, 2005).

The centers of activity are the sites where a male spent
the most part (60 – 70%) of activity time. There may are
from 2 to 7 such sites per home range. Centers of activity
of a male always coincide with the centers of basking of
certain (not all) females (Tsellarius and Tsellarius, 2005).
In the event that preferred female alters a disposition of
her basking centers, the disposition of male’s activity cen-
ters will be altered too. Connection between male’s centers
of activity and female’s basking centers remains close dur-
ing all the year and is not restricted by the mating period
only.

Patrolling is the particular mode of movement over
home range. Patrolling male moves quickly, in relatively
straight line, with frequent short stops. Additionally, the
patrolling includes almost whole set of the behavioral acts
typical of situation with shortage of prognostic informa-
tion (Tsellarius and Tsellarius, 2005). It is probable that
motivation of patrolling is an information deprivation. An
intensity of patrolling is closely connected with diversity
of females in resident’s home range (r = 0.81, n = 12) and
has no connection with the frequency of visitation of home
range by other males. Patrolling is the main kind of activ-
ity of the majority of residents over almost the entire sea-
son. A system of patrol routes usually includes all the
basking centers of all the females within the core area.
Actually, movements of a male over the home range are
the patrol runs, which start and finish in the basking cen-
ters of females. The core area that contains male’s activity
centers and a patrol routes network is formed just owing to
intensive patrolling. A frequency and duration of male’s
excursions beyond the borders of his core area negatively
associated with the diversity of females inhabiting core
area (r = –0.84, n = 15).

Access to Females

The residents display aggression towards both the in-
dividuals of their own status and the poachers. The poach-
ers, however, are able to avoid contacts with residents and
exploit the ecological resources of resident’s home range
without significant limitation. But they have no regular ac-

cess to basking centers of females, where females spend
more than 70% of the time of activity, since these centers
are intensively patrolled by residents. As a result, the
poachers are deprived of a long communication with fe-
males. It is significant that limitation concerns exactly
communication, while an access to copulation remains al-
most unlimited.

Social status of copulated females and a rate of suc-
cessful attempts at copulation are significantly different in
poachers and in residents. However, a total number of ac-
complished copulations (per individual) may be about
equal in males of different status. In average, the poachers
takes more attempts at copulations and more frequently
takes attempts at rape.

Ontogenetic Formation of Territoriality

In all instances, an appearance of aggressiveness and,
consequently, establishing of a territory and forming of
initial structure of home range, coincides with event when
poacher obtains an access to basking centers of females.
The access was always obtained as a result of either re-dis-
position of basking centers of females in such a way that
new centers arise beyond the borders of resident’s territo-
ries, or death of one of residents controlling these centers.
Thus, a residence is always formed in place unoccupied by
territorial males. We have never observed an usurpation of
other’s territory, and, probably, it is fundamentally impos-
sible.

Having obtained an access to the basking center of fe-
male, the poacher begins to visit it regularly. As a result, a
center of activity of the male is formed here and an area of
concentrated use surrounds it. At the same time the male
begins to display aggression towards other males, initially
only in response to aggression of neighbors. Conse-
quently, all-round passive defense zone is formed around
female’s basking center. As yet we cannot term this zone a
territory, since territoriality demands active defense of
space (Burt, 1943). Soon after, however, the male begins
to take the aggressive initiatives, and, accordingly, he ob-
tains resident status. As a result, in studied site the long-
term “ownerless” female’s basking centers have never
been recorded. All long-term basking centers were dis-
posed within the bounds of defended territories of resi-
dents. It must be taken into account that penetration of one
resident into another’s territory has for an object, as a rule,
the basking centers of females disposed in this territory
(Tsellarius and Tsellarius, 2005a). This tendency, as well
as connection of male’s activity centers with basking cen-
ters of females, takes place during the entire season and is
not restricted within the mating period only.
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Thus, an agonistic behavior of male and, accordingly,
forming of defended space within home range are induced
by regular communication with female, but not by copula-
tion in itself. A possibility to communicate with female is
under control of forces of social nature, whereas sexual ac-
tivity and the possibility of its accomplishment (copula-
tion) are not significantly affected by social circum-
stances. The given picture well corresponds with experi-
mental data obtained in captivity (Sakata et al., 2002). Just
the striving to communication with female, but not to cop-
ulation, determines the space use pattern of a male. It is a
possibility to communicate, but not to copulate, is, in
male’s point of view, that the main resource of his home
range. In other words, in ordinary conditions amicable
communication is more strongly motivated than any other
activity.

Motivation of Aggression and Resource Defense

Here it would be appropriate to say some words about
aggression in general. Unambiguously desired effect of
any actions referred to the direct aggression is — in ag-
gressor’s point of view — the removal of the circum-
stances hindering in realization of certain activity and�or
circumstances increasing uncertainty of situation. In other
words, an aggression is the forcible change of circum-
stances, which results in a renewal of mental comfort (in
sensu: Ovsianikov and Badridze, 1989). In the case of La-
certa saxicola, only few particular residents — and in only
particular circumstances — display aggression towards
the conspecifics which hinder (or may hinder) in commu-
nication with female (Tsellarius and Tsellarius, 2005a). In
ordinary resident, in the event that intruder courts female,
an aggression level, the frequency and distance of aggres-
sive actions are the same as in other situations (Table 1).
Only an attempt of forced copulation always provokes
very vigorous reaction of resident and is usually crowned
by severe fight with following chase of violator. It is prob-
able, however, that resident takes a rape as nothing but
some aggression in his territory, since this pattern of copu-
lation starts with male’s behavior resembling vigorous at-
tack most of all (Tsellarius and Tsellarius, 2005a, 2005b).

There exists another peculiarity characterizing male’s
aggression. A formal display of threat towards intruder is

turned into the strict, direct and unambiguous one not in
the situation when intruder attempts to court female, but
when his behavior is either non-complementary to behav-
ior of territory owner or it threatens to become non-com-
plementary (Tsellarius and Tsellarius, 2005a). For exam-
ple, intruder does not run away or does not take submis-
sive pose in response to resident’s formal threat. If a famil-
iar intruder runs or submits, the resident does not attack or
chase him, with the exception of some particular situa-
tions. In other words, an aggression is directed towards
circumstances, which hinder (or may hinder) in realization
of resident’s preference to accomplish certain forms of so-
cial behavior (in sensu: Maslow, 1936). In the case of La-
certa saxicola males these forms are essential behavioral
traits of male’s status in a system of male�male (but not
male�female) relationships. Thus, a male defends not a re-
source, but its own social status.

DISCUSSION

Territoriality is usually considered as one of the ways
of defense of some resources (Wynne-Edwards, 1962;
Ever, 1968). It is supposed that the main resource of terri-
tory is an access to copulation (Emlen and Oring, 1977;
Davies, 1992; Martins, 1994; etc.). In other words, defend-
ing of certain space inhabited by females, the male tries to
secure here a priority for his own gametes. This concep-
tion permits to create a rather consistent explanation of the
origin and evolution of territoriality. The fact that male in
some extent renounces the copulation for the sake of ami-
cable communication with female (Tsellarius and Tsellari-
us, 2005ab) and that communication is the most attractive
resource of his home range, it is poorly corresponds with
current view of a background of territoriality. Moreover,
there is another paradox. Although aggressiveness of a
male is stimulated by female and an access to communica-
tion with female is — in male’s point of view — of utmost
value, male’s aggression, as a rule, is not used for the de-
fense of access to communication itself. Aggressive male
provides females inhabiting his territory for protection
against forced copulation and for freedom of choosing of
the sexual partner, but territory owner does not inevitably
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TABLE 1. Reactions of Residents to Intruders in the Borders of Core Area

Conditions of the contact
Number of observed

contacts
Frequency of agonistic

interactions, %
Distance of aggressive
initiative is taken, m

Aggression level

Intruder is at a distance of more than 1 m from female
and does not strive for contact with her

220 74.1 1.2 ± 0.67
(n = 33)

3.9 ± 0.92
(n = 81)

Intruder is about female or courts her 34 82.4 1.5 ± 0.60
(n = 5)

3.7 ± 1.12
(n = 21)



become a preferred sexual partner (Tsellarius and Tsellari-
us, 2005a, 2005b).

On the other hand, female gives an access to commu-
nication, as a rule, to aggressive males only (Tsellarius and
Tsellarius, 2002). Thus, male’s aggressiveness (= territori-
ality) provides him for an access to the desirable resource,
but does not guarantee for exclusive use of female. More-
over, in certain circumstances territoriality may — to a
rather great extent — complicate a life of the male since it
restricts an access to ecological and social resources of the
habitat. In Lacerta saxicola, in any case, conservative
males — which for term of life are fastened to their territo-
ries — are found in undoubted disadvantage (Tsellarius
and Tsellarius, 2005).

Such situation is not unique. Similar state is well
known of many species and, generally, is rather typical
(Carpenter, 1987). As for Lacerta saxicola, it is quite pos-
sible that territoriality is nothing but side effect of male’s
ability to defend female. In itself, the territory, may have
no adaptive significance. In our point of view, a much
more interesting question is not the question of the origin
of territoriality and its influence on fitness, but what a
profit is got by male from communications with female,
why he so strongly seeks for communication even thought
it does not provide him for preference for copulation.
Mentioned profit must be rather large in order to compen-
sate for damage from side effects of aggression, the territo-
riality including. However, we must be ready for that com-
prehension of the situation — in the framework of such
notions as a benefit, a cost, a fitness and so forth — will be
found impossible, since we have dealt with a behavior that
is realization of certain mental state, i.e., motivation. Thus
distant and indirect after effect of behavior as a fitness can-
not be motivation in any case.
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INTERRELATIONS BETWEEN SEXES IN Lacerta saxicola

E. Yu. Tsellarius1 and A. Yu. Tsellarius1

INTRODUCTION

Mating systems are considered as a result of the inter-
dependent development of behavioral reproductive strate-
gies of sexes (Davies, 1992; Govaty and Buschhaus,
1998). However, there exists no generally accepted hy-
pothesis on the origin and evolution of these strategies. In-
vestigations of intersexual social behavior of reptiles may
be useful for solution of this problem. Rather advanced
intersexual relations of reptiles are known (Bull, 1994;
Tsellarius and Tsellarius, 1996; Panov and Zykova, 1999).
However, detailed long-term observations on intersexual
relations of reptiles are very scarce.

MATERIAL AND METHOD

In the article at hand we have briefly reported the re-
sults of our seven-year observations of a group of individ-
uals of Lacerta saxicola in the deciduous forest of the Na-
vagir mountains, in Northern Caucasus. Observed was the
group of the lizards inhabiting a little clearing arisen as a
result of a fall of two trees. All the members of the settle-
ment were marked with personal color mark and their age
was known. In total, more than 600 contacts between
marked males and females have been described and ana-
lyzed. A detailed description of the studied region, the
observation and the data handling technique have been
published (Tsellarius and Tsellarius, 2001; 2005a; 2005b;
Tsellarius and Tsellarius, 2002). In order to appreciate cor-
rectly the process of social life in the settlement it must be
taken into account that age of Lacerta saxicola may attain
probably 15 years. At present, the age of settled individu-
als, those constituting “backbone” of the settlement,
amounts from 5 to 12 years.

RESULTS

Intersexual Behavior

Having examined intersexual behavior of lizards, we
differentiate three main kinds of behavior of males. 1. In-
difference. Male does not express visibly an interest in
female. 2. Amicable communication. Curving the neck,

male touches by nose female’s sacrum, back and nape,
crawls over her, sometimes slightly bites her tail or neck.
Male regularly and for a long time lies over female or near
her, putting his legs on her back. Some of these actions are
included in the courtship also, but we differentiate those as
a particular set of behavioral acts since they are rather of-
ten performed without any connection with copulation and
occur not during mating period only, but throughout the
activity season with approximately equal frequency. 3.
Aggression towards female. In all instances, it is the redi-
rected aggression of non-ritualized nature. It has been
rather rarely observed exclusively either in the course of,
or immediately after the border conflict between territorial
males, from one of the contestants.

In females, there are four kinds of non-sexual behav-
ior. The first (1. Indifference) and the second (2. Amicable
communication) are almost entirely similar to those of
males. 3. Rejection of a bodily contact. Female dodges,
but usually does not take to flight. This action may be ac-
companied by peculiar displays, that is rotation of fore-
legs, which is connected, in the event of maximum expres-
sion, with bending up the forepart of body. 4. Aggression
towards male. Ritualized threat has been observed from
time to time towards only unfamiliar non-territorial males.
Females well recognizes settled males of the settlement
personally. Direct vigorous non ritualized attack with
strong bites was observed as a response to forced copula-
tion only.

In the studied region we have observed three patterns
of copulation. 1. Amicable copulation. Male takes a fe-
male by jaws by the sacrum and massages it, and at the
same time often more or less vigorously scratches the base
of tail with foreleg. Then he bends the hind part of body
under female and inserts a hemipenis. The female usually
appears to be rather indifferent or slightly bites the male,
and never takes to flight after copulation. The copulation
may be preceded and�or followed by amicable communi-
cation. 2. Initiation. It differs from amicable copulation
mainly in that at the beginning the male firmly takes the
female by the tip of tail and follows her at such a way for
some time, before to take her by the sacrum. The scratch-
ing of female’s tail base always takes place and it is always
vigorous. During the massage, sometimes during coitus,
female tries to tear herself away and may strongly bite the
male. Amicable communication after copulation has never
been observed. However, the female usually remains near
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the male. This pattern took place mainly in those instances
when a territorial male mated a virgin or an unfamiliar
young female. 3. Rape. A male rushes to the female, his
behavior resembling an attack, and immediately seizes her
by the side or the sacrum, and copulates with her after
brief vigorous massage in spite of the violent resistance of
female. The scratching may be absent. In the case of rape,
a male pays no attention to any displays of female. After
mating, female either takes to flight or attacks the male,
cruelly bites and chases him. Strength of the massage is
very different in different patterns of mating. In females
undergone the initiation or the rape, on a sacrum and on a
base of tail the bruises arise, which are distinctly observ-
able even at a distance, with binoculars. There were no
bruises after amicable copulation.

Intersexual Relationships

There are several quantitative indices found rather
useful for analysis of dyad non sexual interrelations.
1. Degree of intimacy, INT = (Cb – Cw)�(Cb + Cw), where
Cb is amount of interactions, which include bodily con-
tacts, Cw is amount of interactions without bodily contacts.
2. Degree of female’s initiative, FI = (If – Im)�(If + Im),
where If is amount of bodily contacts on female’s initiative
and Im is amount of bodily contacts on initiative of male. 3.
Degree of female’s amicability, FA = (Af – Nf)�(Af + Nf),
where Af is amount of interactions in which female carries
out behavior of amicable communication, Nf, female is in-
different or rejects a bodily contact. All indices vary from
–1 to +1. In observed settlement, in the case of long-term
dyad interrelations, the absolute value of any index
amounts to either about zero or more than 0.4. It permits to
operate with only three values: positive, zero and negative.
Six kinds of long term non sexual interrelations are most
usual here (Table 1).

Different kinds of interrelations are the successive
stages of progress of relationship between female and set-
tled male. Female’s switch to settled life follows a reach-
ing of sexual maturity and takes place usually after third
hibernation. Female-newsettler initially finds herself
among unknown or unfamiliar males, and female’s rela-

tions with all neighboring males are initially hostile. The
males, from time to time, try to enter into amicable contact
with encountered female, but female avoids any interac-
tions with males. Hence, saying hostility we mean the hos-
tile behavior of female, but not of male. The latter is char-
acterized by mixed indifferent-amicable behavior. In this
case, a copulation is always forced. Female actually has no
possibility to select a sexual partner.

Almost simultaneously with forming of structure of
her own home range, which may overlap territories of sev-
eral males, female may begin to ingratiate herself with one
of the males having the resident status. Ingratiating female
does not look for meetings with the male. In any encoun-
ter, however, she takes an initiative for amicable commu-
nication. Female does not ingratiate herself with more than
one resident at a time. In a certain case, however, she may
switch from one subject to another. After 7 – 15 days of fe-
male’s ingratiating, the resident includes her basking cen-
ters in his system of patrol routes (Tsellarius and Tsellari-
us, 2005a) and interrelations become amicable. From this
point, female usually stops to take the initiatives in ami-
cable communication, she begins to avoid, if possible, a
bodily contact, but may amicably respond to male’s initia-
tives.

Interrelations with other “overlapped” residents be-
come amicable too, however on initiative of males (casual
ingratiating, see Table 1), and this process takes 3 – 4
months. In this case, a male, from time to time, takes at-
tempts to enter into amicable contact, and female, little by
little, begins to take no avoidance and next begins to ami-
cably respond to initiatives of the male. It appears that
there occurs nothing but a habit. It is rather usual, that fe-
male-newsettler does not ingratiate herself with any resi-
dent; and amicable interrelations will be established in
such opportunistic manner. It is significant that, however,
amicable relations are established not with all residents.
Interrelations with some individuals remain hostile for un-
limitedly long time for unknown reason.

In almost all instances the relations with poachers
were kept hostile. These relations may turn into amicabil-
ity after only the poacher becomes resident. However,
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TABLE 1. Characteristics of Different Kinds of Dyad Interrelations between Males and Females

Kind of interrelations INT FI FA Period of occurrence

Hostility – – – All the season

Female’s ingratiating* + + + Before and�or after mating period

Male’s casual ingratiating* – – 0 Before and�or after mating period

Male’s obstinate ingratiating 0 – 0 All the season

Amicability + – + All the season

Partnerships + 0 + All the season

* During mating period, a reverting to the previous kind of interrelations (see below) usually takes place on female’s initiative.



there are rare exceptions to this rule. We observed the inci-
dent of arising of amicable relations between an old fe-
male and a poacher. These rare exceptions are very signifi-
cant since they are showing that there exists no insupera-
ble impediment to amicability to any male.

Amicability is characterized by high frequency of in-
teractions with bodily contacts and by amicable response
of female to male’s initiatives. The initiatives, however,
are taken by male mainly. Amicable lizards may forage
and bask about one another for a long time, but without
bodily touch. Amicable relations may be continued for an
indefinably long time. A number of amicable partners are
not limited both in males and in females. In the event that
relations are amicable, female has an ability to suppress
importunity of the male by means of either to assume pos-
ture of mate rejection or to crawl repeatedly over the
male’s back. It always leads to stopping the importunity of
the male. Therefore, a forced copulation takes place, actu-
ally, in situation when female persistently refuses amica-
bility with the male.

A partnership is the next stage after amicability. The
conversion of the amicability into partnership, however, is
not inevitable. There are approximately 80% of adult fe-
males, which have never had partnership status. Some-
times, a partnership is a result of male’s initiatives (obsti-
nate ingratiating). It demands hard efforts for a long time.
The male persistently follows preferred female during
two, three years. After all, the female surrenders, as it
were. Much more often, however, the partnership is a re-
sult of female’s efforts. Female begins to form partnership
making efforts to enter into bodily contact in every en-
counter with amicable resident. The male begins to visit
her basking centers more and more frequently. As a result,
formed are the centers of male’s activity in basking centers
of that female (Tsellarius and Tsellarius, 2005b). Having
converted amicability into partnership, female always kept
a fidelity to the resident selected as an object of ingratiat-
ing, unlike conversion of hostility into amicability. Bask-
ing centers of female are disposed over the territories of
several males. Usually, but not always, selected is the resi-

dent, in whose territory the majority of basking centers of
given female have been formed.

When partnership relations have been established,
partners spend much time together. The animals lie in
bodily contact for a long time, crawl over one another, fre-
quently return to the partner. Just the recumbent posture in
mutual embrace is the specific difference between amica-
ble and partnership pairs. A partnership can last for many
years. In all observed pairs these relations last up to the
death of one of the partners. It is important, that both kinds
of intimate relations, amicability and partnership, are in-
tense during all the year and are not restricted within the
mating period only.

Actually, any female may be forced from time to time.
The female, however, which has partnership status, is sig-
nificantly more rarely forced (Table 2). The attempts to
rape are broken off with aggression of her partner towards
violator. Protection is very effective just because of the
male spends much time in female’s basking centers
(Tsellarius and Tsellarius, 2005a, b) and intensively pa-
trols them. During mating period, however, female copu-
lates not only with the partner, but permits copulation with
several amicable males.

DISCUSSION

One of the current ideas of the evolution of intersexual
relations is that sexual aggression is the peculiar strategy
of males. It is believed that this strategy to force females to
resort to the protection of a certain male and to pay copula-
tion for this protection (Govaty and Buschhaus, 1998). It is
evident, however, that the sexual aggression of males of
Lacerta saxicola is a result of social fastidiousness of fe-
male. In other words, a sexual aggression is an inevitable
side effect of social fastidiousness of females. Another
side effect is that females are forced to use various behav-
ioral devices in order to compensate for the consequences
of their fastidiousness. As a result, the situation is rather
paradoxical. Really, establishing an amicability or, espe-
cially, a partnership, female choose not a sexual partner,
but a male, which can be used as a protector, and which
can be rejected as a sexual partner. Per se, she creates the
surroundings in which she qualifies for freedom in choos-
ing of a sexual partner. The reason that female does not es-
tablish these interrelations with each neighbor is un-
known.

Poorly corresponds with current conceptions of be-
havioral ecology is the fact also, that there simultaneously
exist two ways of forming of pairs, on initiative of male
and on initiative of female. However, a more interesting
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TABLE 2. Frequency of the Unsuccessful Attempts at Rape in Differ-
ent Surroundings

Relations between female
and the owner of the territory
where attempt took place

Total number
of observed

attempts

Rate of attempts being un-
successful because of aggres-

sion of territory owner, %

Hostility* 24 45.8

Amicability 37 78.4

Partnership 33 100

* Attempts of territory owner, which are successful in 58.6% of cases
(n = 29), are not taken into consideration.



fact, in our point of view, is the motivation of male’s be-
havior. The majority of evolutionary conceptions either
explicitly or implicitly suggest that the evolution of male’s
behavior leads, first of all, towards acquisition of access to
copulation, preferably to exclusive access (Wilson, 1975;
Emlen and Oring, 1977). In the case of the Lacerta
saxicola male, however, it is evident that a possibility to
communicate with female is much more attractive than
copulation in itself. Accordingly, female pays not a copu-
lation, but communication for defense and for freedom in
choosing of sexual partner.

Just owing to these eccentric, with relation to repro-
ductive success, predilections of the males there is a possi-
bility of reconciliation of the conflicting objectives of the
sexes. In female’s point of view, the main and rather com-
plicated problem is that territories – and, consequently, re-
sources — are randomly distributed among males. The
poacher establish a residence either in initially empty
space or on a place, which is emptied since death of previ-
ous owner. At a later time, redistribution of territories does
not happen (Tsellarius and Tsellarius, 2004). A combina-
tion of good quality of territory and of its owner is a rare
random event. As a result, female has no possibility to ob-
tain simultaneously good ecological conditions and good
sexual partner. Female has a possibility to slip out the situ-
ation just owing to the amicable communication, which is,
in male’s point of view, the most attractive resource for all
year round. The resident pays protection for communica-
tion and renounces a copulation to some extent.

As a result, both the males and the females have a pos-
sibility to convert their main motivations into behavior. In
other words, everybody is highly pleased. This harmony,
however, has no connection with breeder fitness and off-
spring viability by no means. It is quite possible that situa-
tion cannot be interpreted in such terms as a cost, a benefit
and reproductive success. It must be taken into account
that behavior of animal is a realization of certain psychic
state, that is motivation. A fitness cannot be the motivation
in any case. It is beyond any doubt that the issue demands
further investigation. Anyway, however, the situation ap-
pears to be essentially more complex than some socio-bio-
logical conceptions suggest.
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RAPD MARKERS IN APPLICATION TO Rana temporaria GENOTYPE
CHARACTERIZATION (PRELIMINARY DATA OF POPULATION STUDY)

O. V. Tsinenko1

Keywords: DNA extraction, RAPD-PCR, molecular methods, Rana temporaria, skeletochronological method.

INTRODUCTION

Rana temporaria is a classical laboratory subject, one
of the most common vertebrate species in the North-West
of Russia. We present preliminary results of a comparative
study of genetic polymorphism using randomly amplified
polymorphic DNA as molecular markers. This study was
conducted within the framework of the project “Compara-
tive analysis of the structure of several geographically iso-
lated populations of Rana temporaria.”

MATERIAL AND METHODS

Sampling and DNA Extraction

Samples consisting the fourth toe of 67 individuals
were collected from the Rana temporaria population of in
Leningradskaya Oblast’, 14 km northward from Osmino
town, in the middle stream of the Luga River. The sam-
pling was carried out during the migration of frogs to their
winter places in August 2002 (n = 29) and at the spawning
places in April – May 2003 (n = 38). Samples were pre-
served in 96% ethanol.

We applied this toes to both skeletochronological and
molecular studies at the same time (Gonser and Collura,
1996; Jehle and Arntzen, 2002). The second phalanges
were used for age determination of individuals by the ske-
letochronological method (Smirina, 1972, 1994; Castanet
et al., 1977); the third and fourth phalanges were used for
DNA extraction. Dried fingers also were used for tissue
sampling (without previous 4% formaldehyde treatment)
but ethanol fixation was more suitable for DNA extraction.
DNA was obtained by proteinase K digestion and phenol-
chloroform, chloroform extractions followed by ethanol
precipitation. Since DNA extracted from toes was more
pure than DNA from testis or liver, phenol extraction (un-
like the standard protocols of Sambrook et al., 1989) was
omitted. The DNA was dissolved in 300 – 500 ìl TE
buffer (10 mM Tris-HCl pH = 7.4; 1 mM EDTA; pH =

7.35) depending on the yield of DNA. The samples were
then stored at –20°C prior to PCR with RAPD-primers.

RAPD Amplifications

To generate RAPD profiles from frogs’ DNA we
tested 20 ten base primers (A1 – A20) from the Operon
Technologies Primer Kit A in PCR amplifications (Wil-
liams et al., 1990). Amplification reactions were per-
formed in final volumes of 25 ìl containing 60 –
100 ng�ìl of DNA, 1 ìl of primer, 4 ìl of 50 mM MgCl2,
0.6 ìl of 25 mM dNTP, 0.7 ìl of 5000 U�ml Taq polymer-
ase (ROSNIIGenetika, Russia), 2.5 ìl of 10� reaction
buffer for Taq polymerase and 15.2 ìl of water. Thermal
cycling was conducted in a GeneAmp* Cycler and con-
sisted of an initial 96°C for 6 min, followed by 40 cycles
of 1:15 min at 96°C (denaturation), 1:15 min at 33°C (an-
nealing) and 1:30 min at 72°C (elongation). There was
then an additional 10 min period for elongation at 72°C.
Negative controls were used to verify for contamination.

PCR products were separated on 1.5% agarose gels
that were run at 65 V for 3 h in 0.5 M TBE buffer. Am-
plified DNA was stained with ethidium bromide and pho-
tographed using a Vilber Lourmat camera and UV
transilluminator. We used BioCaptMW 10.04 for Win-
dows to record band patterns on disc.

The following RAPD primers: OPA 03 5�AGTCAG-
CCAC3�; OPA 04 5�AATCGGGCTG3�; OPA 11 5�CAA-
TCGCCGT3�, were selected based on the polymorphism
and reproducibility of the bands they generated. Am-
plifying the same samples on different days tested repro-
ducibility. Primer OPA 10 (5�GTGATCGCAG3�), L15�AS19
(5�GAGGGTGGCGGCTAG3�) and L45 (5�GTAAAACG-
ACGGCCACT3�) UP-primers (according to Bulat et al.,
1993) might be used for RAPD-PCR of Rana temporaria
as well. These primers were not used for preliminary
results.

OPA 03 produced 8 scorable bands, OPA 04 — 9,
OPA 11 — 11. Thus they produced a total of 30 polymor-
phic DNA fragments ranging in size from 300 to 1160 bp.

230 Herpetologia Petropolitana, Ananjeva N. and Tsinenko O. (eds.), pp. 230 – 232

1 Zoological Institute of Russian Academy of Sciences, Universitetskaya
nab. 1, 199034 St. Petersburg, Russia; E-mail: 12SEH@zin.ru.



All gel photographs were scored for presence and absence
of bands. They also were used to determine the RAPD
genotypes of individuals based on RAPD-profiles.
UPGMA cluster analysis was performed using Treecon
1.3b for Windows to detect genetic differentiation in the
population.

RESULTS AND DISCUSSION

Skeletochronological Data

Age determination was carried out by counting annual
layers (Smirina, 1994) in the bones of amphibians caught
during only the autumn migration. We counted the number
of lines of arrested growth (LAG) in the cross-sections of
the diaphysis of toes’ phalanges. The number of LAGs by
the adults and immature individuals ranged from 0 to 5.

There is a large marrow cavity in the phalangeal
cross-sections of the froglets of August 2002; metamor-
phosed line (ML) was destroyed by the resorption process.
The marrow cavity diameter of adults is equal to or
slightly larger than the diameter, limited by the resorption
line. The diameter of the first visible LAG is not much
larger than the diameter of the resorption line. Probably
the first visible LAG is a sign of the second wintering, not
the third one. In several cross-sections the first visible
LAG was almost totally destroyed by the resorption. That
diameter is equal to the diameter of the phalangeal cross-
section of the froglets. Thus, the ML and LAG of the first
wintering are destroyed by the resorption in the phalanges
of older individuals.

It is known that common frogs mature and start breed-
ing after their third wintering (Terentjev, 1950). In the case
of two LAGs resorption we should find individuals with 0
visible LAGs. In other words, two LAGs are resorbed and
the third one does not come off from the edge of the bone
because the frogs do not grow during spawning. The ab-
sence of spawning individuals having 0 visible LAGs
proves that only one LAG is destroyed by the resorption
process.

It is necessary to clarify how many (one or two) LAGs
are destroyed by the resorption. We suppose that individu-
als were caught between the 1st — 6th wintering (their age
was 1 – 6 years). There were 4 individuals aged 1+, one
aged 2+, fifteen — 3+, six — 4+, two — 5+ and one indi-
vidual was at the age of 6+.

Molecular Data

The percentage of polymorphic bands, repeatabilities
for fragments and differentiation of RAPD genotypes
were used as indicators of genetic diversity.

Fragment repeatability ranged from 1.0 (all individu-
als were the same) to 0.0526 (two of 67 individuals
showed this band). As a whole, fragment repeatability is,
in general, medium; however the percentage of polymor-
phic fragments is rather high in both series of individuals.

Table 1 summarizes data on the number of fragments
detected per primer and the number of polymorphic frag-
ments (absent from at least one individual in all frogs
used).

The mean repeatability of fragments from both series
of individuals (n = 67) for three primers was 49.06 ±
6.85%, while 93.34 ± 0.01% of these fragments were
polymorphic. Thus, the polymorphism level is rather high
in the population for chosen molecular markers (Table 1).

Differentiation of RAPD genotypes is based on ab-
sence�presence and different combinations of the bands in
RAPD profiles. Figure 1 shows the determined groups of
RAPD genotypes. Their determination was difficult for
OPA 11 because of the quantity of combinations of the
polymorphic bands.

Table 2 shows the repeatability of different RAPD ge-
notypes, which ranged from 2.63 to 52.63%. Different
RAPD genotypes prevailed in two different series of indi-
viduals, caught from different places at different times.
Thus, for OPA 03 genotype A1 has maximal repeatability
in the autumn group (41.39), while the genotype B has
maximal repeatability in the spawning group (52.63). Ge-
notype C has minimal repeatability in both series. Geno-
type B for OPA 04 repeats most often among all the geno-
types in both the autumn and the spring series, while geno-
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TABLE 1. Characteristics of RAPD Products

Primer
Number

of scorable
fragments

Mean % repeatability % polymorphic fragments

Autumn
2002

Spring
2003

Autumn
2002

Spring
2003

OPA 03 8 50.54 55.92 87.50 90

OPA 04 9 41.76 43.57 100 88.89

OPA 11 13 55.70 46.16 100 100

Total 30 47.98 50.14 96.67 90

OPA 03 OPA 04 OPA 11

A
A A

A1
A1 A1A2 A2

B
B B B1

C
C

D

Fig. 1. RAPD genotypes.



type A is the rarest among those two series. Genotypes A1
and B are the rarest, whereas B1 and A2 are the most com-
mon for OPA11.

Nei-Li UPGMA clustering, neighbor-joining boot-
straps and their dendrograms produced results depending
on the 30 random amplified polymorphic DNA markers
(repeatability of bands). According to all dendrograms
there were no significant differences at the level of RAPD-
DNA polymorphism both among generations and among
the individuals in different spawning places. Groups of
RAPD profiles (RAPD genotypes) correspond neither to
determined age groups, nor to sex, different spawning
places, or feeding biotopes. In each series there are indi-
viduals of different age and different sampling sites. The
absence of clear differentiation among series probably
also reflects small series sizes of series and an insufficient
quantity of DNA markers.

Moreover, the comparison with several individuals
from an outgroup population in Pskov Oblast’ (200 km
southwestward) also does not show any differences. There
must be further study in other populations to clarify if the
low genetic variability is typical for the northern part of
the distribution range as was shown for Lacerta agilis
(Gullberg et al., 1998). We should use other molecular
markers having relatively higher statistical power (micro-

satellite DNA for example) to estimate specific population
polymorphism.

The combined application of collected samples for
both skeletochronological and molecular studies let us use
the population resources rationally, and to estimate the age
and genetic population structure simultaneously.
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GENE CRYOBANKS FOR CONSERVATION OF ENDANGERED AMPHIBIAN SPECIES
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INTRODUCTION

Conservation of genomes of endangered animal and
plant species in genetic cryobanks now becomes one of the
basic strategies of rescue of the nature from irreversible
destruction. This strategy is based on the advanced
achievements of biological science and biotechnology.
The main purpose of genetic cryobanks is long-term pres-
ervation of biological material (reproductive and somatic
cells) of representatives of endangered species. Genetic
material conserved in cryobank provides a chance to re-
store animal and plant species that are completely lost in
nature or faced with extinction.

Strategy of creation of genetic cryobanks has excep-
tional advantages. It should develop in close interaction
with such traditional strategy as allocation of strictly
protected territories and breeding of animal in zoos and
nurseries.

GENETIC CRYOBANK
IN INSTITUTE OF CELL BIOPHYSICS (ICB)

In the last decades genetic cryobanks have been cre-
ated in a number of the countries of Europe and America.
In the Institute of Cell Biophysics of the Russian Academy
of Sciences (ICB) an experimental genetic cryobank of
plants and animals (Gakhova, 1998) has been created in-
cluding cryocollection of amphibian genomes (Uteshev
and Gakhova, 1994). This genetic cryobank has the neces-
sary facilities including a room for cryostorage with sta-
tionary and portable Dewar vessels, a room with installa-
tions for production of liquid nitrogen, aquaria complex
adjusted for cultivation of fishes, amphibians and other
aquatic animals.

AMPHIBIAN CRYOCOLLECTION

Objects used for preservation in cryobanks are usually
spermatozoa, oocytes, and embryos at early stages of de-

velopment. For creation of cryocollection of amphibian
genomes we have taken spermatozoa and germinal cells as
genetic material. Spermatozoa were obtained by disinte-
gration of testis and germinal cells, by dissociation of em-
bryos at blastula stage (Kaurova et al., 1996, 1998; Ute-
shev et al., 2001). The choice of germinal cells as an object
for genetic cryocollection of amphibians is based on the
fact that by the present time the technologies allowing
cryopreserving of amphibian oocytes and embryos still
have not been created. Nuclei of germinal cells of amphib-
ians at blastula stages have totypotent and can be used suc-
cessfully for homo- and hetero-transplantation into enu-
cleated oocytes for obtaining of the reconstructed zygotes
capable of normal development (Nikitina, 1996). These
data allow considering germinal cells of amphibians as es-
sential genetic material for cryocollections and cryobanks.

Cryopreservation of Amphibian Spermatozoa

Optimum cryoprotective solution for cryopreservation
of amphibian spermatozoa is a medium on the basis of
simplified Ringer’s solution for amphibians containing
15% DMCO, 10% of saccharose and 1% of bovine serum
albumin. Cryopreserved spermatozoa were estimated by
their mobility using the methods of fluorescent and
colorimetric analysis, and also by their fertilizing ability
(Kaurova et al., 1996, 1997; Uteshev et al., 1999). As a re-
sult of using of cryopreserved spermatozoa of Rana tem-
poraria for artificial insemination normally developing
embryos have been obtained. Then tadpoles with normal
metamorphose and have developed up to maturity.

Cryopreservation of Amphibian Germinal Cells

Germinal cells were obtained by dissociation of em-
bryos at blastula stage in calcium-free variant of Niu-
Twiggi medium. The best results at cryopreservation of
germinal cells have been obtained when we used a combi-
nation of 10% DMCO and 10% saccharose prepared on
the basis of calcium-free variant of Niu-Twiggi medium
with addition of bovine serum albumin (1 – 0.5%) (Kauro-
va et al., 1998). Freezing of suspension of germinal cells in
cryoprotective medium was carried out by direct immers-
ing of test tubes with material in liquid nitrogen. Speed of
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freezing in this case was 500 – 1000°C/min. Defreezing of

test tubes with germinal cells was carried out on a water

bath at 38 – 40°C prior to the defreezing of thawing a solu-
tion in a test tube. Qualitative analysis of the defrozen ger-
minal cells was carried out by fluorochroming of such flu-
orescent dyes as ethidium bromide or fluroscein diacetate

(Elnikova et al., 2003). The analysis of fluorochroming is

conducted using modified luminescent microscope

(LUMAM-I3, LOMO, St. Petersburg, Russia). Our study

has shown that the use of the described methods allows

obtaining up to 80% intact cryopreserved germinal cells of

amphibians. In a separate preliminary series of experi-

ences cryopreserved germinal cells of Bufo bufo have been

used for homo-transplantation in enuclear zygotes. In a

part of the reconstructed zygotes the initial development

up to a blastula stage was observed (Uteshev et al., 2002).

Thus, it has been shown, that spermatozoa and germi-

nal cells of amphibians successfully resist freezing and af-

ter defreezing can be used to obtain viable animals. There-

fore, it is necessary to consider spermatozoa and germinal

cells as high-grade material for creation of genetic cryo-

collections of amphibians. Now in genetic cryocollections

in ICB cryobank is stored genetic material (spermatozoa

and germinal cells of 6 amphibian species: common frog

(Rana temporaria), pool frog (R. lessonae); moor frog

(R. arvalis), smooth clawed frog (Xenopus laevis), Kenya

smooth clawed frog (X. borealis), and common toad (Bufo
bufo).
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MORPHOLOGICAL DEVIATIONS IN POPULATION Rana arvalis NILSS.
ON URBANIZED TERRITORIES: SPECTRUM, TOPOGRAPHY, FREQUENCY

V. L. Vershinin1
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INTRODUCTION

Decline of amphibian population together with their
high sensitivity to changes in water and terrestrial habitats
can be a serious warning about the beginning of a global
ecological catastrophe (Halliday, 1998). Individuals with
various morphological deviations often occur in amphib-
ian populations being a part of their natural variability
(Kovalenko and Kovalenko, 1996). The reasons of that are
different: mutation process, parasites, inbreeding depres-
sion, developmental stress, abnormal regeneration etc.
(Dubois, 1979; Borkin and Pikulik, 1986; Hebard and
Brunson, 1963; Talvi, 1994). Many facts confirm the in-
fluence of environmental conditions on increase of the fre-
quency of morphological anomalies (Cooke, 1981). The
anomalies, arising as a result of developmental deviations
and atypical regeneration, often can be determined by in-
hibition or activation of the thyroid function by pollutants,
these may lead to suppression of proliferation and mor-
phogenetic processes (Syuzyumova, 1985) and influence
the level of metabolic processes (Tokar’ et al., 1991). That
is the reason why morphological deviations as well as the
process of morphogenesis in this group of vertebrates may
be sensitive indicators of environmental changes.

MATERIAL AND METHODS

The data below is a result of generalization of long-
term investigations on the areas of urban development
(Yekaterinburg, Russia) from 1977 to 2001 (14691 speci-
mens) on froglets and adult R. arvalis in this area. City
territory was conventionally divided into areas with the
different levels of urbanization: zone II, multistory build-
ings; zone III, areas of low buildings; zone IV, forest
parks of the city. Control sites with natural amphibian pop-
ulation (C) were located in the area situated in 23 km from
the city. The acceptability of the typification was con-
firmed by the data of hydrochemical analyses. Overlap of

the deviations spectrum was determined by the Morisita
index:
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where ani are numbers of deviation i in population A; bni are
the same for population B; aN are numbers of abnormal ani-
mals in population A; and bN are the same for population B
(Hurlbert, 1978).

RESULTS AND DISCUSSION

The results indicate (Table 1) that R. arvalis froglets
from populations in all zones differed significantly from
each other (÷2 = 15.8 – 86.0, p = 0.05 – 0.001), but the dif-
ferences between populations from zones II and III were
not so significant as between the populations from urban
territories and forest. Adult individuals from zone II sig-
nificantly differed from those in the forest and forest park
zones (÷2 = 4.7, p < 0.05; ÷2 = 6.7, p < 0.05, respectively).

Among froglets, the deviation spectrum is signifi-
cantly wider in zones IV and III. In population subject to
the highest influence of urbanization (zone II) it increased
to 13 types, which exceeds the control level. This defi-
nitely indicates qualitative difference of populations from
zone II. Overlapping degrees in adult frogs were similar to
those in froglets. The degree of overlap of the spectra of
deviations calculated with Morisita index showed that age
changes of deviation spectrum are much higher than simi-
larity — in the forest population, 18.5%, in zone IV,
26.8%, in zone III, 17.3%. Only in zone II it is overlapped
by 45.0%. The comparison shows that among adults there
are no mandibular hypoplasia and non-flexible limbs
which are lethal for the animal. Cluster analysis in juve-
niles (Fig. 1) showed that the greatest differences are re-
corded between animals from forest population and popu-
lations from zone II, III, IV. In adult frogs the spectrum of
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deviations in the forest population is close to that in zone
IV and is far from that in zones III and II.

Percentage of individuals with iris depigmentation in
froglets from urban populations was very significant
(5.7% in zone II). Detailed studies of the frequency dy-
namics of this recessive mutation (Rostand and Darre,
1970) showed evidence for the presence of inbreeding de-
pression in urban populations and for high mutagenesis in
the urban environment (Vershinin, 2004). Having ana-
lyzed the nature and topography of abnormality frequen-
cies, we noted that among juveniles there are differences
between males and females. In comparison with females,
general percentage of deviations in males was signifi-
cantly higher (÷2 = 4.07, p < 0.05, N = 6296). I also found
that the frequency of skeleton deviations in all males
was significantly higher than in all females (÷2 = 4.89,
p < 0.05). We suppose that this phenomenon is correlated
with low general variability and ontogenetic stability of

females in comparison with males. The frequency of bilat-
eral variants of deviations was 38.3%. The study of prolif-
erating activity and some morphophysiological parame-
ters allowed us to suppose high degree of equilibrium of
the morphogenetic processes and a decrease of the fre-
quency of morphological deviations in stress environmen-
tal conditions. We found that there is a significant (p fluc-
tuated between 0.0012 – 0.046) correlation between liver
index and the froglet mitotic index. That, in our opinion,
indicates the presence of adaptive changes in populations
of urban areas. We think that there is resemblance in the
processes of urbanization and domestication. It is ex-
pressed as changes in direction of natural selection and
disappearance of some factors of natural mortality. We
found an increase of the frequency of “striata” morph
which is determined by a monogenic dominant mutation
in the city area. The comparative analysis of the excitabil-
ity of the nervous tissue in R. arvalis demonstrated that
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TABLE 1. Occurrence of Different Types of anomalies (%)

Type of anomalies

Zone

II III IV C

adults juvenilles adults juvenilles adults juvenilles adults juvenilles

Ectrodactyly 2.9 0.24 0 0.08 0.88 0.14 1.03 0.06

Sindactylty 0.96 0.03 0 0.16 0 0.03 0 0

Non-flexible limb 0 0.03 0 0 0 0 0 0

Hemimely 0 0.03 1.5 0.16 0.44 0.02 0 0.06

Brachymely 0.48 0.29 0 0.24 0 0.1 0 0.03

Ectromely 1.44 0.24 0 0.16 0.44 0.14 0 0

Eye defects 0 0.05 0 0 0.44 0 0 0.03

Iris depigmentation 0.48 1.65 0 1.8 0.44 1.2 1.0 0.34

Axial skeleton deformation 0.48 0.19 0 0.24 0.88 0.05 0 0.09

Mandibular hypoplasy 0 0.05 0 0.08 0 0.1 0 0.15

Pointed back pattern 4.3 1.46 3.0 0.47 0.44 0.14 1.0 0.03

Pigmentation defects 2.4 0.42 4.5 0.3 1.75 0.09 2.1 0.12

Edema 0 0.03 0 0.24 0.44 0.02 0 0

Total anomalies 28 177 6 50 14 119 5 30

N general 208 3766 66 1264 228 5835 97 3227

Total percentage 13.5 4.7 9.1 3.95 6.14 2.04 5.15 0.93
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Fig. 1. Distances between groups of populations: a, juveniles; b, adults.



the excitation threshold of “striata” frogs (0.39 – 0.04;
N = 59) was significantly (F = 5.49, p = 0.02) lower than
in others (0.529 – 0.035). Environmental stress in urban
conditions can influence ontogenetic process through
nervous-hormonal axis which changes the spectrum of
phenotypic variability. Thus the increase of phenotypical
realizations in populations of the urban area is determined
by high habitat heterogeneity, inbreeding depression under
conditions of urban isolates and high mutagenesis,
changes of the hormonal balance of morphogenetic pro-
cesses by pollutants and selective survival of individuals
with high stability of nervous system.
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INTRODUCTION

The common frog (R. temporaria) is a widespread and
abundant species of woodland and agricultural landscapes
in Europe and north-west Asia. In contrast, the distribution
of the agile frog (R. dalmatina) is rather scattered and re-
stricted mainly to deciduous and mixed forests in western,
central and south-eastern Europe. Within their overlapping
range, both species often breed in the same ponds. Al-
though ecology of these brown frog species is well known
in parts, many aspects of their biology possibly explaining
niche differentiation and large and small scale distribution
remain uncertain. Interspecific variation in reproductive
output may be one key factor explaining local differences
in their abundance and dispersal ability. Our study com-
pares the reproductive output of both species in a single
pond near Bonn (Germany) using data on egg size (dia-
meter, egg mass), clutch size, body size, age, and body
condition.

METHODS

The study pond is situated near Bonn (Germany) in an
agricultural landscape with a distance of 200 m from a
mixed forest. In spring 2001 and 2002 an overall sample of
29 females of the agile frog and 34 females of the common
frog spawned under field conditions in plastic cages
placed inside their breeding pond. For each female snout-
vent length (SVL), weight before and after spawning,
clutch size, and egg diameter were measured. Skeletochro-
nology of finger bones was used to determine the age of
the frogs (Kleinenberg and Smirina, 1969). Somatic con-
dition (computed after Hemmer and Kadel, 1971), egg
mass and relative investment in reproduction (clutch mass

spent�weight of spent females) were calculated from these
data and used mainly for parametric linear regression
analysis. Egg size parameter “egg mass” and “egg diame-
ter” are only weakly correlated (r2 = 0.32, p < 0.001);
several correlations of egg size with other parameters are
only significant with one of these measures, probably in-
dicating a considerable error in measurement of egg
diameter.

RESULTS

Clutch size differs significantly between species
(Fig. 1, mean ± standard deviation (S.D.): R. temporaria,
1766 ± 529 eggs; R. dalmatina, 950 ± 246 eggs) but egg
diameter and egg mass do not (R. temporaria: egg diame-
ter 2.08 ± 0.160 mm, egg mass 12.70 ± 5.123 mg; R. dal-
matina: egg diameter 2.14 ± 0.141 mm, egg mass 12.70 ±
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5.180 mg). Clutch size is not correlated with SVL. Rela-
tive investment in clutch mass differs significantly be-
tween species, the larger R. temporaria (0.557 ± 0.122) in-
vests more than the smaller agile frog (0.421 ± 0.085), but
in both species investment is not correlated significantly
with SVL (Fig. 1). Mean age does not significantly differ
between species (median for females of both species 4
years; Mann – Whitney U-test, U = 153.5; p > 0.05). Age
is not correlated significantly with any clutch or egg
parameter nor with body condition or relative investment
in reproduction (Fig. 2). A significant trade-off between
egg mass and clutch size could be shown for both spe-
cies (log-log-transformed data, y = log [egg mass], x =
log [clutch size]: R. temporaria, y = –0.593x + 2.983,
r2 = 0.30, p < 0.01; R. dalmatina: y = –0.925x + 3.801,
r2 = 0.63, p < 0.01). Trade-off is more pronounced in
R. dalmatina probably due to the smaller body size com-
pared to R. temporaria (Fig. 3). Impact of somatic condi-
tion on egg diameter strongly differs between species: In
R. dalmatina females with better somatic condition pro-
duce significantly bigger eggs, in R. temporaria in this
case eggs are smaller (Fig. 4). Surprisingly condition does
not affect clutch size.

DISCUSSION

Differences in clutch size and relative investment in
reproduction are mainly due to the marked differences in
SVL between species. When clutch size was compared ac-
counting for SVL, mean egg number does not significantly
differ between common frog and agile frog. Thus, one
main difference in reproductive strategy and fecundity be-
tween species is the strongly enhanced growth rate in

R. temporaria, resulting in a nearly doubled mean egg
number compared to R. dalmatina, since both species do
not significantly differ in age. These data suggest that pre-
suppositions for a high metamorphic output are generally
better in R. temporaria than in R. dalmatina. However, our
field census data on juvenile output of the species do not
support this hypothesis, since a regular dominance of
R. temporaria in ponds with R. dalmatina cannot be ob-
served. Thus, other factors — probably pond specific sur-
vival rates of tadpoles and metamorphs — influence spe-
cies dominance in the field.

In both species a marked trade-off between egg num-
ber and egg size is obvious. This indicates that frogs can-
not optimize both, egg size and egg number simulta-
neously. Assuming that the number of eggs laid in spring
is determined by body condition after spawning one year
before, egg size is likely to depend on feeding conditions
during the following summer and autumn (Kuhn, 1994;
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Lüddecke, 2002). Terrestrial habitat quality (including
weather conditions) one year before seems to adjust clutch
size and egg size in the following season. Thus, mainte-
nance of a considerable variation and a trade-off in repro-
ductive output of R. temporaria and R. dalmatina in the
studied pond might be regarded as a result of recent
changes in environmental conditions.

Acknowledgments. This project was financially supported
as a ‘testing and development project’ by the Federal Agency for
Nature Conservation (BfN) and the Federal Environment Minis-
try (BMU). Many thanks to our colleagues Regine Damaschek,
Anja Dissanayake, Ruth Rottscheidt, Anja Sampels, and Meike
Thomas for their work in the field and discussions. Wolfgang
Böhme we thank for leading the project.

REFERENCES

Hemmer H. and Kadel K. (1971), “Untersuchungen zur Laich-
größe nebst Bemerkungen zur Populationsdynamik der Kreuz-
kröte (Bufo calamita Laur.) und der Wechselkröte (Bufo viri-
dis Laur.),” Zool. Beitr., 17, 327 – 336.

Kleinenberg S. E. and Smirina E. M. (1969), “A contribution
to the method of age determination in amphibians,” Zool.
Zh., 48, 1090 – 1094 [in Russian].

Kuhn J. (1994), “Lebensgeschichte und Demographie von Erd-
krötenweibchen Bufo bufo bufo (L.),” Zeitsch. Feldherpetol.,
1(1�2), 3 – 89.

Lüddecke H. (2002), “Variation and trade-off in reproductive
output of the Andean frog Hyla labialis,” Oecologia, 130,
403 – 410.

240 Herpetologia Petropolitana, Ananjeva N. and Tsinenko O. (eds.), pp. 238 – 240



SOME NOTES ON THE HERPETOFAUNA OF WESTERN BULGARIA

A. Westerström1

This paper summarizes observations during ten visits to Bulgaria, during the period 1997 – 2003. New localities are
described and taxonomical remarks on some species (Triturus alpestris, Lacerta agilis, and Vipera berus) are made.
One winter-time observation of Salamandra salamandra and P. muralis, respectively as well as high altitude observa-
tions of Bufo viridis are described. The possible existence of Rana kurtmuelleri in extreme South-western Bulgaria is
discussed and remarks on the altitudinal range extension of L. agilis are made.

Keywords: Bulgaria, distribution, taxonomical position, Triturus alpestris, Rana kurtmuelleri, Lacerta agilis, Vipera
berus.

INTRODUCTION

Through the extensive efforts of Buresch and Zonkow
(1932, 1933, 1934, 1941) comprehensive works on the
herpetofauna of Bulgaria and the Balkan Peninsula
emerged. Thereafter, contributions by Kabisch (1966),
Beškov (1972), Beshkov (1984), and Beshkov and Nanev
(2002) further added to the knowledge of the herpetofauna
of Bulgaria.

The author summarizes the most interesting records
made during several surveys in Western Bulgaria.

SPECIES ACCOUNT

Salamandra salamandra

Distribution. Detailed distribution of this species is
given by Buresch and Zonkow (1941).

Observations. Two new localities were recorded for
this species: Krusha and Godech. S. salamandra was also
observed in the Osogovo mountain massif at an altitude of
approximately 1600 m.

Remarks. An interesting observation of this species
was made in winter 2000 just outside the town of Godech,
where a specimen was encountered in a shaft. The unusu-
ally warm weather at the time implies that the salamander
could have been active for some time before becoming
trapped in the shaft. The single specimen was found to-
gether with other amphibian species namely, Bufo bufo
and Rana dalmatina.

Triturus alpestris

Distribution. The alpine newt is mainly confined to
mountainous areas in Western Bulgaria, where it has been

recorded from the Balkan and Rila mountains as well as
from Osogovska Planina and Rodopi (Veselinov, 1993;
Beshkov and Nanev, 2002).

Despite the existence of suitable habitat this species
has never been reported from Vitosha (Beshkov, personal
communication).

Observations. Observations of this species were
made in the Osogovo mountain massif at approximately
1600 m elevation in spring 2002.

Remarks. Buresch and Zonkow (1941) preliminarily
attributed the Bulgarian alpine newt to the nominate sub-
species due to absence of sufficient collected material.

Veselinov (1993) stated (by referring to Herrero and
Arano, 1987 — not seen by the author) that according to
the nuclear DNA results obtained by Herrero and Arano
(1987) the Bulgarian alpine newt could be attributed to
T. a. veluchiensis.

However, using mtDNA the Bulgarian alpine newt
does not turn out to be a part of T. a. veluchiensis but
seems to cluster with T. a. reiseri instead (Alcobendas,
personal communication).

A possible explanation could be that nuclear DNA of
T. a. reiseri co-exists with mtDNA of T. a. veluchiensis
(Alcobendas, personal communication). There is no con-
tradiction herein, on the contrary evidence of population
displacement; populations with mixed DNA reflect an-
cient secondary contact zone (García-Paris et al., 2003). In
order to settle this issue a more thorough study of Bulgar-
ian population is needed.

Bufo viridis

Distribution. Bufo viridis is common throughout the
country and usually confined to altitudes below 1200 m,
although an observation has been made in the Rila moun-
tains at 2300 m elevation (Beshkov and Nanev, 2002).
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Observations. In August 2001 corpses were found on
the road in the Banderitsa valley, in the Pirin mountains at
elevations between 1800 and 1960 m.

Remarks. Observations have been made of B. bufo
and Hyla arborea at high altitudes (1960 and 2300 m, re-
spectively) but it cannot be established whether or not
these animals constitute naturally occurring populations.

Rana kurtmuelleri

Distribution. This species has been recorded at Novo
Selo (Duhalov, personal communication) in FYROM
(Former Yugoslav Republic of Macedonia). Its existence
in Bulgaria has not been verified.

Observations. In spring 2002 some sort of green frogs
were observed in the border area of Bulgaria – FYROM at
two localities, namely, Zlatarevo and Gega.

Remarks. There is some confusion as to which local-
ity of Novo Selo was referred to. In FYROM three locali-
ties with this name were found. One locality is located in
Western FYROM, north of Ohrid and two in close proxim-
ity of the FYROM – Bulgarian border. If any of the latter
two was referred to, this species could well be found
within the political boundaries of the Republic of Bul-
garia. Specimens were photographed for documentation. It
could not be established which species of green frogs was
actually observed.

Lacerta agilis

Distribution. The sand lizard is mainly restricted to
the western parts of the country with a sporadic distribu-
tion in Eastern Bulgaria (Beshkov and Nanev, 2002).

Observations. Lacerta agilis was encountered at sev-
eral localities: Gintsi (Petrohan, Balkan mountains), Kru-
sha, Yarema (Vitosha), Rila mountains (southern slope),
and Pirin mountains.

During a visit in August 2001 to the Pirin mountains a
sand lizard was observed at 2500 m altitude. This record
constitutes a significant altitudinal range extension — pre-
vious records do not exceed 2200 m (Buresch and Zon-
kow, 1933; Beshkov and Nanev, 2002).

At Krusha only a single specimen was ever observed
during six years of observations in the area.

Remarks. The systematic position of Lacerta agilis in
Bulgaria is insufficiently known.

The existence of two main morphotypes, L. a. bosnica
and L. a. chersonensis in Bulgaria is presently accepted
(Duhalov, personal communication).

The “bosnica” morphotype is mainly restricted to
mountainous areas whereas the “chersonensis” morpho-
type inhabits the plain around Sofia and adjacent areas.

The species was recorded from Krusha (650 m eleva-
tion) situated some 15 km south-west of the locality Che-
pan (900 m elevation — above Dragoman).

Both localities can be attributed to the “chersonensis”
morphotype.

These morphotypes are not isolated from each other,
on the contrary contact zones, e.g., in the foothills of Vito-
sha exist, where the “bosnica” morphotype is rarer (Duha-
lov, personal communication).

Podarcis muralis

Distribution. This species is widespread where suit-
able habitats exist throughout entire Bulgaria (Beshkov
and Nanev, 2002).

Observations. A peculiar observation was made in
winter on December 27, 2000 when a fully active, adult
specimen was observed on rocky outcrops.

Remarks. This winter observation was made just out-
side the town of Godech (700 m elevation) in Western
Bulgaria. Temperature at the time of observation was mea-
sured to be approximately 15°C.

Vipera berus

Distribution. Localities given by Buresch and Zon-
kow (1932, 1934) still present today include the main
mountain ranges: Stara Planina, Sredna Gora, Vitosha,
Rila mountains, Pirin mountains, and Rodopi. The exis-
tence of V. berus on the Osogovo mountain massif was
first reported by Beškov et al. (1967).

Observations. This species was recorded in Stara
Planina, Vitosha, Osogovska Planina, Rila and Pirin
mountains.

Remarks. The Bulgarian adder has long been treated
as belonging to two subspecies (Buresch and Zonkow,
1932, 1934; Beschkov and Nanev, 2002). The nominate
subspecies is said to occur mainly in the Balkan mountains
Buresch and Zonkow (1934) whereas V. b. bosniensis is
said to occur in the Rila and Pirin mountains (Buresch and
Zonkow, 1932, 1934).

This issue is rather complex from a morphological
viewpoint.

Only rarely does any arbitrary specimen agree partly
or fully with the brief description of Boettger (in Mojsiso-
vic, 1889) and the diagnostics emphasized by Buresch and
Zonkow (1934) with a double subocular row and split-up
zigzag pattern.
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Specimen from the Rila mountains and the Pirin
mountains possessing characters of V. b. bosniensis have
previously been reported as has been stated above. How-
ever, specimens from the region also share characters of
the nominate subspecies (Beshkov and Nanev, 2002; own
observations).

The ratio of specimens possessing two subocular scale
rows is 38% for the Pirin and 29% for the Rila mountains,
according to the numbers examined by Franzen and
Heckes (2000).

Beškov et al. (1967) made no taxonomical remarks on
the Osogovo adder. It however, agrees quite well with the
criteria of V. b. bosniensis on a morphological basis (own
observations).

Populations hitherto not examined and thus undeter-
mined are those of Eastern Balkan mountains, Sredna Go-
ra, and the Rodopi mountain massifs.

Specimens from the Rodopi massif however, seem to
agree with the nominate subspecies (Hristov, personal
communication)

Specimens deviant from the definition as stated above
are not rare. A specimen from Vitosha had a single subocu-
lar row on one side and a double on the other side (Besh-
kov, personal communication).

This scalation was also observed in a specimen from
Ängskär, on the Baltic Sea Coast (“Upplandskusten”) in
Sweden (own observation).

According to the figures of Saint Girons (1978) the
double subocular scale row is not a very common charac-
ter. In his material 4% of the nominate species possessed a
double subocular scale row whereas the percentage was
6% in V. b. bosniensis.

The distinguishing character as given by Boettger (in
Mojsisovic, 1889) and the split-up zigzag patter alone are
not sufficient to distinguish V. b. bosniensis from the nom-
inate subspecies already mentioned by Sochurek (1953).

Recent genetical analyses (Ursenbacher et. al., Joger,
personal communication) have shown that the populations
of the Balkan, Vitosha, Rila, and the Pirin mountains are
all part of V. b. bosniensis.

This combined with the facts stated above shows sev-
eral inconsistencies in the definition of V. b. bosniensis and
therefore it is my opinion that this subspecies needs to be
re-defined morphologically.
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ASSESSMENT OF REPRODUCTIVE FREQUENCY IN THE EUROPEAN POND
TURTLE (Emys orbicularis) USING MANUAL PALPATION,
ULTRASONOGRAPHY, AND RADIOGRAPHY

M. A. L. Zuffi,1 S. Citi,2 M. Giusti,1 and A. Teti1

Assessment of reproductive status in female European pond turtles has been investigated with three different
methods. The comparative analysis of the obtained results revealed that all three methods are important in determin-
ing female reproductive status. Degree of efficiency is however different among them. Manual palpation is the easiest
to perform but lacks of precision regarding determination of clutch and egg size; radiography is the most efficient in
determining clutch and egg size but it is applicable only when egg shells are calcified; ultrasonography is almost cer-
tainly the most precise technique to understand if females are reproductive, while it can not have a complete insight
over all the oviductal or follicular eggs. We strongly recommend the use of both three methods when studying repro-
ductive plasticity and frequency in fresh water turtles.

Keywords: Palpation, Ultrasonography, Radiography, Reproduction, Emys orbicularis.

INTRODUCTION

A number of contributions on several populations of
Emys orbicularis have recently showed that morphometric
measures of adult reproductive females (i.e., carapace
length, carapace height) positively correlate with clutch
size (Zuffi et al., 1999). Despite of this, the range of varia-
tion of clutch size and clutch frequency (multiple deposi-
tion) within a single population has been recently studied
only in few populations [Italy: Zuffi and Odetti, 1998;
Spain: Keller, 1999; Ukraine: Kotenko, 2000; but see Kuz-
min (2002) and reference herein]. Comparative analysis of
available data on reproductive effort in European pond tur-
tle reveals that most information are mainly anecdotal and
descriptive. The assessment of actual reproductive effort
in individual populations should be the basic goal, to un-
derstand any source of variation in reproductive patterns
and phenotypic plasticity in Emys orbicularis. A deep and
wide knowledge of biological characteristics is particu-
larly necessary when studies are aimed towards protection
and conservation plans. The use of manual and radio-
graphic techniques to assess reproductive status has been
widely used in most Chelonians (Wilbur, 1975; Gibbons
and Greene, 1979; Keller, 1998; Zuffi et al., 1999), while
ultrasonography is employed less frequently (Kuchling,
1989; Rostal et al., 1996). It is however rare the use of all
the three methods when handling freshwater turtles.

MATERIAL AND METHODS

At capture, after standard measurements (Zuffi et al.,
1999), each adult female was processed manually with
palpation of the inguinal region in order to detect for any
large follicular or oviductal egg, then analyzed with ultra-
sound techniques (ultrasound equipment: Toshiba Core-
vision with multifrequency microconvex probe 5 – 7 – 8-
MHz probe). If eggs were very large, and easily detectable
manually or if length was larger than 28 mm, we also per-
formed an x-ray examination [15 mA, 55 kV, at 1 m dis-
tance, these values being much lower than those reported
in by Hinton et al. (1997)]. Due to different research proto-
cols used during a long term project started in 1996, we
used palpation and x-rays in one target population, and
palpation and ultra-sound procedure in an other target pop-
ulation. Each study section was performed during an indi-
vidual season. Study areas lie within the Nature “Parco di
Migliarino San Rossore Massaciuccoli” (Province of Pisa,
coastal Tuscany, central Italy).

RESULTS

In a sample from Camp Darby we considered 53 indi-
vidual adult Emys orbicularis females, all of them were
palpated (n = 26, that is 49.1%, were reproductive); 19 out
of them that carried well detectable eggs were also radio-
graphed (n = 15, that is 28.3% of total sample and 78.9%
of radiographed sample, showed calcified eggs). Even if
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manual vs. radiographic estimation was not significantly
different, the observed trend indicates how manual palpa-
tion can allow precise information on reproductive status
of sampled adult females. In the overall sample (n = 53),
clutch size estimated under palpation was 3.73 ± 1.05
(1 SD; median = 4), while x-ray clutch size was 5.80 ± 1.21
(median = 6). Within the radiographed sample (n = 19),
clutch size estimated under palpation was 3.16 ± 1.68
(1 SD; median = 4) while x-rays clutch size was 4.58 ± 2.65
(median = 5). Difference was significant in both cases
(paired samples t-tests, P < 0.005). When taking into ac-
count reproductive females with enlarged oviductal eggs,
we found no difference in the reproduction estimation
between palpation and radiography (paired sample t-test =
1.0, df = 18, P = 0.331).

In a sample from San Rossore we considered 101 indi-
vidual adult females during eight periods of two weeks
each, from mid April to early August, all of them were pal-
pated and then processed using ultrasonography. The num-
ber of estimated reproductive females per period was
6 ± 4.8 (52.56 ± 40.04%) using the palpation method and
8.6 ± 7.2 (68.27 ± 33.44%) using ultrasonography. In
some periods, the estimated number of reproductive fe-
males was double if considering the ultrasound method
(June 19 – July 2, n = 14, 85.7 vs. 42.9%; July 3 – July 18,
n = 32, 68.7 vs. 33.3%). Despite this, difference between
the two systems in the whole sample period was not statis-
tically significant (Wilcoxon paired rank test, Z = –1.826,
asymptotic P = 0.068), even if it indicates that ultrasono-
graphy is a relatively more valuable system than manual
inspection alone. Females may often result negative to
palpation (up to 16 — 18 days after vitellogenesis), but
ultrasonography may show follicular vitellogenic eggs.

DISCUSSION

Manual palpation allows a quite valuable diagnosis
about reproduction status already some days after vitello-
genesis has occurred, but largely lacks of precision regard-
ing clutch size and egg size. The ultrasound method en-
ables the detection of vitellogenic follicles already at 3 to
25 mm length, even if negative to palpation and to x-rays.
As a consequence, estimated body size of reproductive fe-
males may be very accurate and follicle maturation may be
precisely assessed as well, and occurrence of multiple de-
positions may also clearly determined. Radiography is ob-
viously the unique available method to precisely define
both clutch size and diameters of eggs during or at the end
of the shell calcification. Trying to establish a trend of in-

creasing efficiency in the involved compared methods,
we can suggest i) radiography, ii) manual palpation, and
iii) ultrasonography in determining reproductive status; re-
garding clutch size i) ultrasonography, ii) manual palpa-
tion, and iii) radiography; while the optimal method for
egg size and egg maturation is much better evaluated with
ultrasonography alone.

It is evident that the contemporary usage of all the
three involved methods should be regularly applied to pre-
cisely access the plasticity and variability of the reproduc-
tive status of freshwater turtles.
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STRUCTURE AND ULTRASTRUCTURE OF THE SEXUAL SEGMENT OF THE
KIDNEY IN THE DIURNAL SAHARAN LIZARD Uromastix acanthinurus, BELL 1825

M. Bahiani,1 T. Gernigon-Spychalowicz,1 and J.-M. Exbrayat2

The lizard Uromastix acanthinurus living in the Algerian Sahara has the spring reproductive cycle when the epidi-
dymis and the sexual segment of kidney undergoes seasonal structural and ultrastructural variations. During breeding
period (spring), the tubules of sexual segment of kidney are hypertrophied and actively secretive. They are lined with
high cells in which both proteic and glycoproteic secretion granules are accumulated in the apical pole. These serous
cells contain a euchromatic nucleus, an active nucleolus with granular and dense fibrillar components, and a fibrillar
center; the cytoplasm contains a vesicular RER, several Golgi areas, multivesicular bodies, numerous mitochondria
and secretion granules. During the resting period (summer, autumn, and winter), the tubules of sexual segment of kid-
ney are surrounded by a dense connective tissue. Epithelial cells have now mucous secretion. These cells present a
basal euchromatic nucleus with an active nucleolus. The apical cytoplasm contains mucigenous vesicles. Mitochon-
dria with lamellar crests are concentrated in the basal part of the cells and the Golgi apparatus is supra nuclear. The
plasma membrane develops lateral and basal folds.

Keywords: lizard, the sexual segment of the kidney, seasonal variations.

INTRODUCTION

Lizards and snakes are remarkably diversified in the
Algerian Sahara. The seasonal variations in photoperiod
and the alternation of hot and cold seasons determine a pe-
riod of breeding, more or less obligatory winter latency
and act on the growth of the animals (Grenot and Vernet,
1973). A portion of the preterminal segment of the urinary
tube presents some morphological and physiological dif-
ferences according to the sex of the animal. To emphasize
this difference, this segment was named: “sexual segment
of the kidney” (Régaud and Policard, 1903). During
breeding of the adult male, this segment is hypertrophied;
its diameter is broader than that of the preceding segment.

The diurnal lizard Uromastix acanthinurus has an ef-
fective strategy of reproduction in arid environment of Sa-
hara. Its breeding cycle was studied by Courrier (1929)
and Kehl (1935, 1944). This species constitutes a good
model for the study of these adaptations. The present study
is a contribution to the knowledge of structural and ultra-
structural aspects of the seasonal variations of the sexual
segment of the kidney in the male Uromastix acanthi-
nurus.

MATERIAL AND METHODS

The animals were captured in the area of Béni-Abbès
of the Algerian Sahara (30°7� N and 2°10� W). Located at
250 km of Béchar, Béni-Abbès presents some individual-
ized spaces which confer a typically desert profile.

The kidneys of 25 adult males Uromastix acanthinu-
rus were preserved in Bouin’s fluid. After dehydration and
paraffin embedding, 5 ìm thick sections obtained with a
vertical “Leitz” microtome, were stained with Masson’s
trichrome, healum-picro-indigo-carmine. The histochemi-
cal stains used were periodic acid and Schiff (PAS), tolui-
dine blue-periodic acid and Schiff, toluidine blue-ninhyd-
rine and Schiff, nuclear fast red-alcian-blue.

For TEM, fragments of kidneys were fixed in 2.5%
glutaraldehyde, and post-fixed in 1% osmium tetroxide,
dehydrated with ethanol and embedded in Epon or
Epon — Araldite. The semi-thin sections were stained
with toluidine blue. The ultra-thin sections were con-
trasted with uranyl acetate and lead citrate and observed
with a Zeiss TEM (service of Electron Microscopy,
U.S.T.H.B., Algiers).

RESULTS AND DISCUSSION

Observations with Light Microscopy

During the period of reproduction (spring, May), the
tubules of renal sexual segment are developed. Their epi-
thelium is hypertrophied with narrow high cells, over-
loaded with numerous secretion granules (Fig. 1). These
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secretions are PAS and alloxane-Schiff positive, indicating
their proteic and glycoproteic nature. Such a proteic and
glycoproteic secretion has been described in the renal
sexual segment of Vipera aspis (Gabe, 1959) and Crotalus
adamanteus (Burtner and al., 1965).

During the sexual quiescence (summer, autumn, and
winter), the tubules of sexual segment are surrounded by a
dense connective tissue (Fig. 2). The epithelial cells nota-
bly decrease and elaborate a mucous secretion, containing
acidic mucopolysaccharids, stained with the alcian blue.
Several cells without mucous are disposed between the
mucous cells. These cells without mucous are darker than
the mucous cells after staining with the toluidine blue.
Such dark cells have been described in Thamnophis sirta-
lis (Bishop, 1959) and in Acanthodactylus erythrurus li-
neomaculatus (Bons, 1970). They can be mucous cells
having released their mucus.

Observations with TEM

Serous epithelial cell: in period of reproduction.
The tubules of sexual segment of kidney are hypertrophied
and actively secretive. Their epithelium is composed of se-
rous high cells in which secretion granules are accumu-
lated at the apical pole. Each serous epithelial cell pos-
sesses a euchromatic nucleus. One or two nucleoli have a
tripartite structure with a granular component, a dense
fibrillar component and a fibrillar center. The cytoplasm
contains a network of vesicular RER, numerous Golgi ar-
eas, multivesicular bodies, numerous mitochondria and
many secretion granules (Fig. 3). Two types of granules
can be observed: granules with a dense and homogeneous
contents and granules with a dense, eccentric or central
content, surrounded by a clear vacuole.

The aspect of serous epithelial cells testify to some in-
tense proteic and glycoproteic synthesis. The characteris-
tics of these cells are rather close to that of the main cell of
mammalian seminal vesicle and prostate. These observa-
tions may confirm the function of an additional gland
given to the sexual segment of saurophidiens. It is cur-
rently indicated that the sexual segment of saurophidiens
is the equivalent of the seminal vesicle and the prostate of
the mammals (Crews, 1979; Faure 1991).

Mucous epithelial cell: period of sexual rest. Each
mucous cell presents a basal euchromatic nucleus, con-
taining a nucleolus with a tripartite structure; the cyto-
plasm contains a supra-nuclear Golgi apparatus, several
cisternae of RER and many mitochondria with lamellate
peaks, concentrated at the base of the cell. The cytoplasm
is filled with mucigen vesicles. The cell membrane devel-
ops an important network of lateral and basal folds. The
non-mucous cells present a closed apical pole with small
clear vesicles, a basal irregularly-shaped euchromatic nu-
cleus and many mitochondria with lamellate peaks occu-
pying almost the totality of the cytoplasm (Fig. 4).

During sexual quiescence, the sexual segment secretes
a mucous, reminiscent of both immature females and
males. This mucous secretion constitutes a protective ma-
terial used to lubricate the walls of the urinary tubes (Gab-
ri, 1983) and to facilitate the advance of the urine (which is
pasty-consistent in the lizards). The basal and lateral folds
of membrane, the great number of mitochondria at the
base of mucous cell, testify the active absorption of which
consequence is the production of an urine rich in uric acid
that would minimize the water lost.
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Fig. 1. The sexual segment of the kidney in the breeding period. Photo-
nic microscopy (�160, Coloration: Hémalun Picro-indigo-carmine). The
tubules (T) are developed. The cells of the epithelium (Ep) are over-
loaded with numerous secretions granules (�).

Fig. 2. The sexual segment of the kidney in the resting period. Photonic
microscopy (�160, Coloration: nuclear fast red-alcian blue). The tubules
(T) are surrounded by a dense connective tissue (ct), the secretion (�) is
mucous.



CONCLUSIONS

This study confirms the seasonal cyclic variations of
the sexual segment of the kidney in Uromastix acanthinu-
rus with the alternative elaboration of a serous secretion
during the breeding period and a mucous secretion during
the sexual rest. This change in the nature of secretion im-
plies two different functions. During the period of repro-
duction, the serous sexual segment of the kidney ensures
the role of an additional gland as well as the seminal vesi-
cle and the prostate in mammals. In the period of sexual
rest, the mucous sexual segment of the kidney is implied in
the urinary functions.
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Fig. 4. The sexual segment of the kidney in the resting period. Transmis-
sion electron microscopy (�2400). The mucous epithelial cell presents a
basal euchromatic nucleus (N), many mitochondria (m) with lamellate
peaks and important network of side and basal folds (�) of the cell
membrane.

Fig. 3. The sexual segment of the kidney in the breeding period. Trans-
mission electron microscopy (�2400). The serous epithelial cell presents
an euchromatic nucleus (N). The cytoplasm contains rough endoplasmic
reticulum with a vesicular configuration (RER), some mitochondria (�),
many Golgi areas (G), multivesicular bodies (�) and numerous granules
(�).



HELMINTHS AND TROPHIC RELATIONS
OF COLUBRID SNAKES (COLUBRIDAE) IN THE VOLGA – KAMA REGION

A. G. Bakiev1

Keywords: helminths, consumers, Colubridae, Volga – Kama Region.

INTRODUCTION

The Volga – Kama Region is a region with an area of
more than 500 km2 situated between 52 and 59° N and
43 – 52° E. The fauna of colubrid snakes in Volga – Kama
Region includes 4 species: Natrix natrix, N. tessellata, Co-
ronella austriaca, and Elaphe dione. These snakes are in-
termediate and supplementary hosts of helminths; they
serve as food for mammals and birds. This paper is aimed
to give a more detailed data on helminths of colubrid
snakes and their trophic relations within Volga – Kama
Region.

MATERIAL AND METHODS

The material was collected in 1995 – 2002. Snakes
were narcotized by ether to reveal helminths in accordance
with Skryabin’s method (1928). 62 individuals were ex-
amined: N. natrix — 35, N. tessellata — 18, C. austria-
ca — 7, E. dione — 2. The published data (Garanin, 1976)
and present data were used to prepare a list of Colubridae
consumers of the Volga – Kama Region.

RESULTS AND DISCUSSION

Twenty species of helminths were found in N. natrix,
in N. tessellata, seven, in C. austriaca, three, in E. dione,
there were no helminths (Table 1). The data have extended
the known species list of the snakes helminths (Sharpilo,
1976; Kirin, 2002).

Relative number of snakes with unjured tail in popula-
tion may be used as indirect index of pressure of predators
(Bakiev, 1999). The part of collected snakes had an injured
tail: N. natrix — 10.8% (26 of 241), N. tessellata — 5.7%
(5 of 87), C. austriaca — 6.9% (2 of 29), E. dione — 3.2%
(1 of 31).

The data from the Samara region allow to add the pub-
lished report (Garanin, 1976) of consumers of Colubridae
in Volga – Kama region with 2 species of vipers, in partic-
ular, to add to the consumers of N. natrix the Vipera re-
nardi, and to the consumers of N. tessellata the V. berus
(Table 2).

I can conclude that not less than 22 species of
helminths were found in Colubridae snakes of Volga – Ka-
ma Region, and at least 56 species of vertebrate animals
are noted as Colubridae consumers. Colubridae snakes
play an important part in helminth’s circulation and hel-
minth’s transmission to animals of higher trophic levels.
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TABLE 1. Helminths of colubrid snakes in the Volga – Kama region

Helminths Colubridae

Classes Species N. natrix N. tessellata C. austriaca

Trematoda Astioterma monticelli, Diplodiscus subclavatus, Encyclometra colubrimurorum,
Leptophallus nigrovenosus, Plagiorchis elegans, Pleurogenes claviger, Metaleptophallus
gracillimus, Opisthioglyphe ranae, Paralepoderma cloacicola

+ — —

Macrodera longicollis, Telorchis assula, Pharyngostomum cordatum, larvae,
Strigea strigis, larvae

+ + —

Alaria alata, larvae + — +

Strigea sphaerula, larvae + + +

Cestoda Ophiotaenia europaea + + —

Acanthocepha Acanthocephalus lucii + — —

Sphaerirostris teres — — +

Nematoda Cammallanus truncatus — + —

Rhabdias fuscovenosus + + —

Strongyloides mirzai, Physaloptera clausa + — —
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TABLE 2. Trophic Relations of Colubrid Snakes in Volga – Kama Region

Predators Colubridae as food items

Classes Species N. natrix N. tessellata C. austriaca E. dione

Pisces Salmo trutta, Lucioperca lucioperca + — — —

Silurus glanis — + — —

Amphibia Bufo bufo, Rana ridibunda, R. lessonae + — — —

Reptilia Anguis fragilis, Coronella austriaca + — — —

Elaphe dione — — — +

Vipera berus — + — —

Vipera renardi + — — —

Aves Podiceps cristatus, Ciconia ciconia, Ciconia nigra, Falco subbuteo, Falco tinnunculus,
Milvus milvus, Haliaeetus albicilla, Aquila chrysaetus, Circus pygargus,
C. aeruginosus, Aquila clanga, A. pomarina, Pandion haliaetus, Lanius excubitor,
L. cristatus, Turdus merula, Passer domesticus, Pica pica

+ — — —

Ardea cinerea + + — —

Mergus merganser, Plegadis falcinellus — + — —

Milvus korschun + + — +

Aquila heliaca, Aquila rapax — — — +

Buteo buteo + — + —

Circaetus gallicus + + + +

Bubo bubo + — — +

Strix lauco + — + —

Corvus frugilegus + + — —

Mammalia Erinaceus europaeus, Desmana moschata, Rattus norvegicus, Nyctereutini
procyonoides, Mustela nivalis, Mustela eversmanni, Mustela vison,
Martes martes, Sus scrofa

+ — — —

Ondatra zibethica, Lutra lutra — + — —

Canis lupus — — — +

Vulpes vulpes + + — +

Mustela putorius, Martes foina + — + —

Meles meles + + + +



SOME ASPECTS OF THE ONTOGENESIS OF THE IMMUNE
SYSTEM ORGANS OF Typhlonectes compressicauda

(DUMÉRIL ET BIBRON, 1841), AMPHIBIA, GYMNOPHIONA

P. Bleyzac1 and J.-M. Exbrayat1

Keywords: Gymnophiona, Typhlonectes compressicauda, development.

INTRODUCTON

Gymnophiona are still little known semi-aquatic and
burrowing apodan Amphibians with a tropical distribu-
tion. Their immune system is poorly known. In accor-
dance with work previously published (Paillot et al.,
1997a, 1997b; Zapata et al., 1982; Welsch and Starck,
1984), the present study is devoted to the main morpho-
logical aspects of the development of the immune system
in Typhlonectes compressicauda, a viviparous species liv-
ing in the marshes of Kaw in French Guyana. The devel-
opmental stages have been determined after the table of
Sammouri et al. (1990). We found worthwhile to describe
the organization of the immune system throughout the
embryonic development.

MATERIAL AND METHODS

The animals were captured in French Guyana during
several missions. 29 individuals (Table 1) which stage of
development was determined according to Sammouri et

al. (1990). The stages of development are comprised be-
tween the stage 21 and the stage 34 (new-born). The ani-
mals were preserved with Bouin’s fluid, dehydrated, and
embedded in paraffin. The serial sections (5 ìm thick)
have been done with a vertical Minot’s microtome. The
sections were observed with a light microscope. The gen-
eral organization was studied starting from the transverse,
sagittal or parasagittal sections stained with the hemalum-
eosine, Romeis’s azan, or with Masson – Goldner’s tri-
chroma. In order to observe particularly the blood cells tis-
sues were stained with the Pappenheim’s method.

OBSERVATIONS AND RESULTS

In Typhlonectes compressicauda no bone marrow has
been found. At stage 24, just before hatching, thymus and
spleen develop from the fourth, fifth, and sixth visceral
pouches. Spleen develop from a bud situated in mesentery
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TABLE 1. Stages of Development, Numbers, and Length of the Em-
bryos of Typhlonectes compressicauda Observed

Phase Stage Number Length, mm

Embryonic phases 21 – 22 1 7 – 8

23 3 9

24 5 10

25 4 11

Fetal phases 26 – 27 3 13 – 14

28 2 24

29 3 30

30 2 33

31 2 40

Larval phases 32 4 63

33 2 100
Fig. 1. Spleen. Stage 24: thickening of the mesentere (arrow) visible be-
tween the visceral cavity and the vitellin mass. �200.



between stomach and vitellin mass. The thymus is com-
posed with a medulla and a cortex (Figs. 5 – 8). At stage
28, between hatching and metamorphosis Hassal’s corpus-
cles like can be observed in the thymus (Fig. 7). They will
be found throughout the life of animal.

At stage 30, just before metarmorphosis, spleen is or-
ganized in a white and red pulp when blood islets disap-
pear. Lymphoblast move between thymus and spleen
through blood vessels. Mesonephros is not clearly hema-
topoietic in both embryos and adult. Liver develops earlier

than thymus and spleen. At stage 30, it becomes granulo-
cytopoitic and monocytopoitic. It is equivalent to the bone
marrow according to previous works (Paillot et al.,
1997b).

The main events of development of immune system in
Typhlonectes compressicauda are summarized in Table 2.

DISCUSSION AND CONCLUSIONS

The development of the immune organs of Typhlonec-
tes compressicauda shows that, some characters bring
them close to the other Amphibians [similar localization
of thymic buds (Fig. 5)], and other characters bring them
close to the amniotes (presence of structures resembling

Herpetologia Petropolitana, Ananjeva N. and Tsinenko O. (eds.), pp. 254 – 257 255

Fig. 2. Stage 25: budding of the spleen (big arrow) starting from a mes-
enteric thickening (small arrow). VM, vitellin mass; G, gut. �40.

Fig. 3. Stage 30: the spleen starts to be organized in white pulp (white
arrow) and in red pulp (black arrow). �50.

Fig. 4. The spleen and its environment at the stage 33: liver (L) and its
cortical hematopoïetic layer (head arrow), pancreas (P), digestive tract
(G), spleen with white pulp (white arrow), and red pulp (black arrow)
well delimited; vertebra (V). �40.

Fig. 5. Stage 24 thymic buds (arrows): NT, neural tube. �100.



the corpuscles of Hassal (Figs. 6 – 8). We can note a great
analogy with the Urodele Triturus alpestris Laur (Tourne-
fier, 1973), but not with the neotenic species Ambystoma
mexicanus Shaw (Tournefier et al., 1990). As in the other

Amphibians, the thymus of Typhlonectes compressicauda
develops before hatching and becomes active after hatch-
ing. The growth of the liver begins very early by compari-
son with the other organs. By comparison with Pleurode-
les walt Michah (Charlemagne, 1977), we observe an he-
terochrony of the development between the spleen and the
liver. The spleen develops precociously in Typhlonectes
compressicauda (Figs. 1 and 2) and almost at the same
time as the thymus. It is the case of post-moving of liver in
Pleurodela and pre-moving of spleen in Gymnophiona.
Typhlonectes compressicauda does not possess an hema-
topoietic mesonephros as the other vertebrate. The hema-
topoietic mesonephros presents a precociously advanced
statute. It has a tendency to disappear in the higher verte-
brates (Beaumont et al., 1995; Zapata and Amemiya,
2000). The chondrichthyans have a prototype of thymus
with a cortex and a medulla, like the mammals. The struc-
ture of the thymus and spleen (Figs. 3, 4, 7, 8) is closer to
the Anura than Urodela but the differences of the sequence
of the development between the Gymnophiona and Anura
can be explained by heterochronies.
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Fig. 6. thymus at the stage 29, the arrows indicate what seems to be
some Hassal’s corpuscle-like. �200.

Fig. 7. Stage 32: it is possible to distinguish a medulla (M) and a cortex
(C). �125.

Fig. 8. Stage 33: the thymus well divided into medulla (M) and cortex
(C). Many Hassal’s corpuscles-like are observed. �400.

TABLE 2. Summary of the Evolution of the Hematopoietic Organs of Typhlonectes compressicauda According to the Stage of Development

Organe
Stage

B
ir

th

21 22 23 24 25

H
at

ch
in

g

26 – 27 28 29

M
et

am
or

ph
os

is

30 31 32 33

M
et

am
or

ph
os

is

Thymus – – – + + ++ + ++ ++ +++ +++ +++

Hassal’s corpuscles + + + ++ ++ ++

Medulla and cortex + +

Liver – – + ++ ++ ++ ++ ++ +++ +++ +++ +++

Hematopoietic cortical + ++ +++ +++

Spleen – – – + + ++ ++ +++ +++ +++ +++ +++

Red pulp and white pulp + ++ +++ +++

Others Kidney ?

Blood islet +++ +++ ++ ++ +
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STRUCTURE AND FUNCTIONAL SIGNIFICANCE
OF THE NUPTIAL THUMB PADS IN Rana esculenta AND R. perezi

R. Brizzi,1 G. Delfino,1 and S. Jantra1

The nuptial thumb pads of Rana esculenta and R. perezi are cutaneous specialisations including rows of glands, de-
fined nuptial glands, embedded in the pad dermis. The pads are covered by a black, strongly keratinised epidermis,
where high papillae alternate with gland pores. The mucous nature of the above glands is confirmed both under light
and transmission electron microscopes. The nuptial pads function in promoting male’s ability to retain the female dur-
ing amplexus. The nuptial glands release their product onto the keratinised pads, which indicates an adhesive function
of the secretion. Such performance is synergic with the complex ridge apparatus of the pad surface, capable of work-
ing like a multi-lamellar sucker. Secretions of these glands may also prevent sexual interference by rival males.

Keywords: Rana, thumb pad glands.

INTRODUCTION

Cutaneous glands play a key role during social activity
of many amphibians (Duellman and Trueb, 1994; Houck
and Sever, 1994). This is the case for many anurans which
join under a variety of conditions and in response both to
abiotic and biotic pressures. Usual aggregations of adult
frogs and toads are those that form during reproduction,
especially in species that display explosive breeding pat-
terns (Wells, 1977). In this connection, the males of many
anurans develop special skin glands and on this account
these glands are usually defined as breeding glands (Tho-
mas et al., 1993). These structures may occur in different
body regions, in form of well visible glandular heaps or
single glands dispersed in the skin (Brizzi et al., 2003). In
many frogs and toads breeding glands lie in form of kera-
tinised patches on the thumbs and forearms and are specif-
ically termed nuptial pads. In this paper we describe the
male thumb pads in Rana esculenta and R. perezi. The pur-
pose of this study is to provide indications about structural
and ultrastructural characteristics of these specialised
glands and to discuss the nature of their secretory product
in the light of its role during the amplexus.

MATERIAL AND METHODS

Nuptial thumb pads were removed from 3 males of
Rana esculenta (Florence, Tuscany, Italy) and R. perezi
(Mellid, Galicia, Spain) collected during the breeding sea-
son. A pad of each male was processed for light micros-
copy (LM), the other for transmission (TEM) or scanning
(SEM) electron microscopies according to routinary pro-

cedures. For LM observations sections 8 ìm thick were
stained with hematoxylin-eosin or Mallory-Galgano tri-
chrome method for general cytology. Selected sections
from each specimen were tested with the following histo-
chemical stains: periodic acid�Schiff’s (PAS), alcian blue
at pH 2.5 and ninhydrin�Schiff. For TEM observations
ultrathin sections were treated with uranyl acetate and lead
citrate. Entire nuptial pads, previously fixed in formalin,
were submitted to the usual SEM procedures.

RESULTS

In Rana esculenta and R. perezi the nuptial pads occur
on the inner fingers of their forelimbs and are covered by a
black, strongly keratinised epidermis (Fig. 1A). These cu-
taneous specializations also include glands embedded in
the dermis and opening on the pad surface. SEM observa-
tions provided further details of the external feature of the
pads, particularly of its highly papillate epidermis and
nuptial gland pores (Fig. 1B – D.). Observed under LM,
the thumb pad epidermis consists of some layers of cells,
with the external one flattened in shape as effect of its
horny evolution (Fig. 2A – B). In R. esculenta the pad sur-
face shows hill-like protuberance (Fig. 2A, C), whereas in
R. perezi it is covered by stumped papillae (Fig. 1B – D;
2B, D). The main structure of the glands embedded in the
pad loose dermis is similar to that of the other cutaneous
mucous glands, although some traits appear noticeable
(compare Fig. 2A – D with Fig. 2E – F). The thumb pad
glands are unusually large and closely packed together,
with the major axis orthogonal to the epidermal layers.
As a sectioning effect, in many cases it seems that two –
three gland layers are stratified beneath the epidermis
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(Fig. 2A, C). Mucocytes are tall and orderly arranged
around a wide lumen (Fig. 2B). Most nuclei lay basally,
according to an obvious functional polarisation. The cyto-
plasms contain large amounts of secretory material, that in
some cases is also visible inside the gland lumina. Both
cytoplasmic and luminal secretions are vesicular, baso-
philic and pale blue with the Mallory – Galgano method.
Histochemical trials reveal the main mucous nature of the
above product, which reacts positively to PAS and alcian
blue. A moderate positivity is also evident towards the nin-
hydrin�Schiff test, which, on the whole, indicates proteins
joined with neutral carbohydrates and carboxylated acidic
glycosaminoglycans.

TEM observations confirm the specialised features of
the thumb pads. The keratinocytes are polyhedral, with
ellipsoidal nuclei (Fig. 3A) and a rich supply of mitochon-
dria characterised by light content. A discontinuous, con-
tractile sheath is obvious around the thumb pad glands
(Fig. 3B). This allows cytoplasmic projections of the ade-
nocytes to contact the dermal environment and, possibly,
to increase trophic exchanges. Although repeated observa-
tions on several specimens, axonal profiles where not

found. A biosynthesis machinery, typical of mucocytes, in-
cludes abundant rer cisternae (Fig. 3B – C) and stacked
saccules of the Golgi apparatus (Fig. 3D). Secretory mate-
rial shows typical features of a mucous product. It consists
of granules with various densities and closely packed to-
gether, which leads them to acquire a polyhedral shape
(Fig. 3C). However, an obvious fluidification character-
izes vthe late maturation process of the mucous granules,
which are discharged in the gland lumen as a structureless,
rather transparent material (Fig. 3E).

DISCUSSION

In the amphibians, typical examples of sexually di-
morphic skin glands are the glandular nuptial pads occur-
ring in the males of many frogs and toads. These glands re-
lease a glue-like substance that allows the male to adhere
to the female during amplexus. (Duellman and Trueb,
1986). Secretions of these glands may also prevent sexual
interference by rival males in attempts to remove the glued
male from the female. Our study on thumb pads in Rana
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Fig. 1. Feature of nuptial thumb pads in Rana perezi. Note the papillate epidermis and the nuptial gland pores occurring among the adhesive protuber-
ances (arrows in C – D). Bar in A is 2 mm.



emphasizes the mechanical role of these structures, related
to the epidermal specialisations (namely hillocks and
ridges) and the adhesive properties of the secretory prod-
uct acting as a glue on the thumb surface. Reports on the
nature of the nuptial pad glands are rather contradictory.
From the wide literature on frog skin glands (e.g., Dapson,
1970; Dapson et al., 1973; Hostetler and Cannon, 1974;

Cannon and Hostetler, 1976), it is known that the ordinary
mucous glands contain neutral and acidic mucosubstances
and lack proteinaceous and lipid secretions. In contrast,
serous glands possess bound lipids, proteins and some-
times biogenic amines. In the past, some authors indicated
the mucous appearance of the nuptial pad glands secretion
(revised by Brizzi et al., 2003). More recently, Thomas
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Fig. 2. Comparison between thumb pad glands and common cutaneous glands observed under LM. A, C, thumb pad glands in R. esculenta; B, D, the
same in R. perezi; E – F, common serous and mucous glands in R. esculenta (E) and R. perezi (F). The mucous units are small, roundish and consist of
low prismatic mucocytes. Labels: cmg, common mucous glands; ep, epidermis; sg, serous glands; tpg, thumb pad glands. Scale bars are 100 ìm.



and Licht (1993) reported slightly differential staining
characteristics in the nuptial glands and other sexually di-
morphic skin glands of 14 frog species in comparison to
either mucous or serous glands. On the basis of general
criteria, Thomas et al. (1993) suggested that the nuptial
pads and the other sexually dimorphic glands should be
classified as a unique gland type, apart from mucous and
serous glands.

The histochemical trials we performed on the nuptial
pad glands of Rana esculenta and R. perezi reveal a wide

similarity between these cutaneous glands and the ordi-
nary mucous ones. Other features resembling morphologi-
cal traits usual in the mucous glands derive from LM and
TEM observations. The biosynthetic machinery of the se-
cretory cells, the features in the maturation steps, and the
morphological traits of the secretory granules indicate that
these glands belong to the mucous gland line. In addition,
the myocytes, lacking any direct innervation, strongly re-
semble the myoepithelial cells of skin mucous glands. In
contrast to specialised mucous glands detected in the skin
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Fig. 3. Ultrastructural patterns of thumb pad epidermis and glands. A: Rana esculenta. Elongated nuclei of epidermal cells. Arrows point to mitochon-
dria with light inner chambers. Arrow-head points to the dermal-epidermal boundary; B: R. perezi. Basal portion of a thumb pad gland. A mucocyte is
visible near to the stromal environment, in a gap-area of the discontinuous myoepithelium. Notice rer profiles with variable shapes inside the mucocyte;
C: R. esculenta. Mucous granules with different electron density and polyhedral shape; D: R. perezi. Sacculi of a Golgi stack with light compartments;
E: R. esculenta. Secretory granules crowded at the cell apices before release. The gland lumen contains structureless material deriving by thinning of
mucous product followed by merocrine release. Labels: G, Golgi stack; lu, gland lumen; mv, microvilli; mec, myoepithelial cell; rer, rough endoplasmic
reticulum; sg, secretory granules; sp, secretory product; st, stroma. Scale bars are 5 ìm (A), 1 ìm (B – C, E), and 500 nm (D).



of some Rana species (Brizzi et al., 2002), mucocytes in
thumb pad glands do not exhibit any lipid droplets; there-
fore it seems that these secretory organs are not engaged in
the production of steroid compounds. Actually, the spe-
cialization degree of the thumb pad glands appears moder-
ate. The most impressive traits of these glands consist of
their peculiar localization and remarkable large size. How-
ever, a wide comparison of sexually dimorphic skin glands
in anurans and urodeles (Brizzi et al., 2002) suggests that
in both these amphibian orders the production of chemo-
signals for social and reproductive interactions is mainly a
prerogative of the mucous gland line.
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REPRODUCTIVE STRUCTURES IN Mertensiella caucasica AND M. luschani

(AMPHIBIA: SALAMANDRIDAE)

R. Brizzi,1 M. Sevinç,2 and G. Tanteri1

Although different in some aspects of their sexual biology, Mertensiella caucasica and M. luschani share various ana-
tomical characters related to their reproduction. Males of Mertensiella have a tubercle on the dorsal surface of the tail.
This structure plays a stimulating role on the female cloaca in the preliminary steps of the mating, namely before the
male deposits a spermatophore and the female picks it up in her cloaca. A surprising finding is that females of
M. luschani posses a rudiment of tail tubercle, which discloses new perspectives on the original function of this struc-
ture. Males of Mertensiella exhibit four types of cloacal glands (Kingsbury’s, pelvic, ventral and dorsal glands),
whereas females possess spermathecae for sperm storage and internal fertilization.

Keywords: Mertensiella, reproductive structures.

INTRODUCTION

The genus Mertensiella includes two species: M. cau-
casica and M. luschani. The Caucasian salamander occurs
in North-East Turkey bordering the south-east edge of the
Black Sea and West Georgia. Luschan’s salamander is
present in South-west Turkey and the south-east Aegean
Islands. Apart from peculiar morphological and ecological
characteristics (Griffiths, 1996), the two species exhibit
some differences in their reproductive mode (Schultschik,
1994a, 1994b). In Luschan’s salamander mating takes
place on land, whereas in the Caucasian salamander it may
occur on land or in water. In addition, the first species is
oviparous, the second viviparous, namely it gives birth to
fully developed young (Özeti, 1979). Nonetheless, both
Mertensiella species exhibit similar courtship patterns,
based upon mating embrace (the male holding the female
from below). The courtship culminates with the male de-
positing a spermathopore on the substrate and manouver-
ing the female so that it adheres to her cloaca. A peculiar
reproductive character of Mertensiella is the male tubercle
occurring at the boundary between tail and back. This
structure stimulates the female cloaca directly before sper-
matophore pick up and may also release courtship odours
(Arnold, 1987).

In this paper we report morphological observations on
the tail tubercle and provide a main pattern of the cloacal
glands in both sexes.

MATERIAL AND METHODS

Three adult males and three females of both Mertensi-
ella species were collected between late spring and early

summer, corresponding to the mating season. M. caucasi-
ca at Sarikaya Yaylasi — Çaykara (Trabzon), M. luschani
at Antalya, south-west Anatolia. Male tail tubercles were
removed and processed for light microscopy (LM) or
scanning electron microscopy (SEM) observations follow-
ing standard methods. The cutaneous areas corresponding
to those occupied by the male tubercles were excised from
the females and processed using the same procedures. In
addition, the cloacal regions of all the samples were pro-
cessed for LM studies. Sections 10 ìm thick were stained
with hematoxylin-eosin or Mallory – Galgano trichrome
method.

RESULTS

Males of Mertensiella caucasica and M. luschani pos-
sess a sexually dimorphic trait consisting in a conspicuous
tubercle projecting from the skin of the dorsal tail base
(Fig. 1A, B). Indicatively, the tubercle is about 2 mm in
height and 2 – 2.5 mm in length. It bends anteriorly, with
the apex mainly knob-like in M. caucasica and more or
less pointed in M. luschani, although notable differences
may occur also among males of the same species. The tail
tubercle is covered by a keratinised epidermis similar to
that of the contiguous regions and, likewise, it shows pores
of the cutaneous glands occurring in the below dermis
(Fig. 1C). Examination of the dorsal tail base in females of
M. caucasica does not reveal presence of tubercle or mod-
ified epidermal texture. Nonetheless, a different pattern is
visible in females of M. luschani. In these latter, observa-
tions under SEM revealed a tail swelling, just in the posi-
tion where the tubercle occurs in males (Fig. 1D). The fe-
male rudiment shows a slight elevation but a length similar
to that of the male tubercle that allows its recognition also
under light stereomicroscope.
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The male cloaca of M. caucasica and M. luschani con-
sists in a small cloacal tube, posterior to the junction of the
Wolffian ducts with the hindgut, and a proper cloacal
chamber which opens onto the exterior. Spermatophore
assemblage derives from the gradual mixing of sperm with
secretory products from various cloacal glands (Kings-
bury’s, pelvic and ventral glands), whose tubules lie in the
connective tissue around the cloaca. The outlets of these
glands are visible at different levels on the cloacal walls
(Fig. 2A – F). In addition, secretory pores of other cloa-
cal glands (dorsal glands) occur along the cloacal border
(Fig. 3A – B). Owing to their almost external position, the
function of these glands is involved in pheromone produc-
tion rather than in spermatophore formation.

Females of Mertensiella have sperm storage organs,
the spermathecae, which allow internal fertilization. The
spermathecae are simple tubular glands around the dorsal
cloacal walls, each with a narrow neck opening into the
cloaca and an expanded distal portion surrounded by a
connective tissue sheath (Fig. 3C – D). After spermato-
phore collection by the female cloaca, sperm migrate into
the spermathecae, where an epithelial secretion contrib-

utes to their survival until ovoposition. In females of
M. luschani we found bundles of sperm inside the sperma-
thecae (Fig. 3D). In contrast, most spermathecal tubules of
M. caucasica were empty, which indicates animals in
post-mating condition.

DISCUSSION

Within the Salamandridae, the genus Mertensiella be-
longs to the group of the “true” salamanders (Chioglossa,
Mertensiella, and Salamandra), characterised by an ad-
vanced terrestrial way of life and reproductive mode base
upon a close physical contact between male and female
(Sever, 1992; Griffiths, 1996). In this connection may be
regarded the occurrence of the male tail tubercle that char-
acterises the genus Mertensiella. This tubercle is inserted
into the female cloaca during amplexus, shortly before the
male deposits a spermatophore. According to Sever et al.
(1997), this structure contributes to female stimulation and
stabilizes the female precisely over the spot where the
spermatophore will be dropped and can be picked up suc-
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Fig. 1. Male tail tubercle of Mertensiella observed under SEM. A: male Mertensiella caucasica; B: male M. luschani; C: tangential section of the male
tail tubercle of M. luschani. Note the rich supply of serous (sg) and mucous glands (mg) in the connective tissue; D: rudiment of tail tubercle in a female
of M. luschani. Scale bar in C is 250 ìm.



cessfully. Nonetheless, the presence of a tubercle rudiment
we observed in females of M. luschani (as also noticed by
Basoglu and Atatur (1975) and Basoglu and Baran (1976)
suggests a wider outlook on the original function of this
anatomical trait. Owing to its localization just at the tail
base, the dorsal tubercle marks a very critical region in
case of attack by a predator. In this connection, the original
function of this structure, also provided by a rich supply of
noxius cutaneous glands (see Sever et al., 1997), may cor-

respond to a mechanical-chemical deterrent device, possi-
bly occurring in the common ancestors (of both sexes) of
Mertensiella. The specialisation of the tubercle as a sexu-
ally dimorphic trait may be hypothesised as a further step.

On the whole, male cloacal glands of Mertensiella
correspond to those reported in most salamandrids (Sever,
1992; Brizzi et al., 1996a, 1996b). Nonetheless, the pres-
ent study confirms slight interspecific differences, mainly
related to tubule number and position of the secretory
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Fig. 2. Patterns of male cloacal glands in M. luschani (A) and M. caucasica (B – F). LM observations (A, C, E) allow to recognize, under SEM (B, D,
F), the corresponding cloacal regions and the different secretory pores. A: Transverse section of the cloacal tube (ct) surrounded by Kingsbury (kg) and
dorsal glands (dg); B: Kingsbury’s gland outlets in form of stumpy papillae; C – D: Secretory tubules and pores of pelvic (pg) and ventral glands (vg);
E – F: Ventral gland outlets aligned along typical cloacal folds. Scale bars in A, C, E are 120 ìm.



pores (as previously reported by Brizzi et al., 1996a).
More similar appear the spermathecal features occurring
in the females of both Mertensiella species, possibly in re-
lation to their general role in sperm collection. After all,
these data, particularly those related to tail tubercle and
male cloacal glands, indicate that some distinct character
states may have functional importance also in species with
a tight phylogenetic relationship, as M. caucasica and
M. luschani.
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Fig. 3. A – B: Male cloaca chamber (cc) in M. luschani (A) and in M. caucasica (B). At this level the cloaca opens externally and the cloacal border (cb)
appears to be keratinised. Note in (A) ventral (vg) and dorsal glands (dg) around the cloaca; C – D: Spermathecae (sp) around the cloacal tube (ct) of
female M. caucasica (C) and M. luschani (D). Scale bars are 250 ìm (A) and 120 ìm (C – D).



AMPA RECEPTORS LOCALIZATION
BY IMMUNOHISTOCHEMISTRY IN Xenopus TADPOLES

J. Estabel1 and J.-M. Exbrayat1

Keywords: Xenopus laevis tadpoles, glutamate receptors.

INTRODUCTION

Glutamate (Glu) is an amino acid that occurs mainly in
the central nervous system. It acts as a major excitatory
neurotransmitter by stimulating or exciting the postsynap-
tic neurons (Gasic and Hollmann, 1992). At high concen-
trations, Glu acts as a neurotoxin capable to induce some
severe neuronal damages.

Glutamate receptors (GluRs) can be characterized by
their sensitivity to specific glutamate analogues (Holl-
mann and Heinemann, 1994). The structure of GluR ago-
nists and antagonists are similar to that of glutamate, and
these molecules bind onto the same receptors. Two class of
receptors have been characterized: the ionotropic recep-
tors as the á-amino-3-hydroxy-5-methyl-4-isoxazole pro-
pionic acid (AMPA) receptors and the metabotropic recep-
tors coupled to G proteins.

In several studies, the glutamate receptors (GluRs) are
studied in nervous system (Chen et al., 2002; Chung and
Han, 2003; Lerma, 2003; Llado et al., 1999). Nevertheless
they have been also localized in some peripheral tissues.
The GluRs in non-neural tissues may be implied in medi-
ating endocrine, cardiorespiratory or hormonal and repro-
ductive functions (Gill and Pulido, 2001). The knowledge
of this distribution in Xenopus laevis tadpoles is useful for
in vivo toxicological studies.

MATERIAL AND METHODS

All the animals were handled according to the French
legislation concerning the animal care. Adult Xenopus lae-
vis toads were obtained from the CNRS breeding facility
(UPRESA 6026, Rennes, France). The stages of tadpoles,
grown from fertilised eggs using standard methods, were
determined according to Niewkoop and Faber normal
table (1967). The animals were anaesthetised with
MS-222 (Sigma, St Louis, MO), then fixed with cold para-

formaldehyde (4%) and embedded in paraffin. The ani-
mals studied were observed at stage 58 and 60, i.e., during
the metamorphosis.

Immunohistochemistry: The sections (5 ìm) were in-
cubated with an anti-GluR2�3 and an anti-GluR1 (Chemi-
con) in order to detect the AMPA receptors. In order to vi-
sualize the specific antibody, a secondary antibody was
coupled to Alexa 488 (Molecular Probes), giving a green
colour with a fluorescent light.

RESULTS

GluR2�3 and GluR1 labelling was cytoplasmic. The lo-
calization of the two proteins was similar.

In the spinal cord, the motoneurons were strongly la-
belled (Figs. 1 and 2). This labelling permitted to validate
protocols and was used as positive control. The radial cells
(cells lining the cerebral ventricles in amphibians) were
stained by use of the anti-GluR2�3 antibody only.

In the stomach and the intestine, the apical zone of the
epithelial cells was labelled (Figs. 3 and 4). Neither the
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microvilli border of the absorptive cells nor the goblet
cells present any labelling.

In the kidney, the cells of proximal tubules were la-
belled (Fig. 5). The cardiac and skeletal muscular cells
were labelled with the two antibodies.

The liver, gills and bone were labelled neither with
anti-GluR1 nor anti-GluR2�3.

CONCLUSIONS

In Xenopus tadpoles, the glutamate receptors (GluRs)
were mainly studied in nervous system but they are also
located in the peripheral tissues. This study showed a large
distribution of AMPA GluRs (compound by subunits

GluR1 to GluR4) and the same localization for the two pro-
teins. The most stained organs were the digestive tract, the
skeletal and cardiac muscles and the kidney. Liver and
gills were two negative organs.

In these locations, AMPA receptors may play a physi-
ological role as target-effector sites for excitatory com-
pounds. The knowledge of this distribution in Xenopus
laevis tadpoles could be useful for in vivo toxicological
studies.

In Xenopus, the localization of AMPA receptors
ressembles that observed in mammals (Gill and Pulido,
2001; Gill et al., 1998, 2000). These results confirm that
these receptors have been conserved throughout the evolu-
tion (Estabel et al., 1999; König et al., 2001).
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Fig. 2. Labelling of GluR2�3 in motoneurons. Scale bar is 50 ìm.

Fig. 3. Labelling of GluR1 in stomach epithelium. Scale bar is 50 ìm.

Fig. 4. Labelling of GluR2�3 in stomach epithelium. Scale bar is 50 ìm.

PT

PT

Fig. 5. Labelling of GluR1 in proximal tubule (PT) epithelium. Scale bar
is 50 ìm.
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THE DEVELOPMENT, DIFFERENTIATION AND GROWTH OF GONADS
IN Typhlonectes compressicauda (AMPHIBIA, GYMNOPHIONA)

J.-M. Exbrayat1 and E. Anjubault1

Keywords: Dermophis mexicanus, Typhlonectes compressicauda, Gymnophiona, development, gonads.

INTRODUCTION

Gymnophiona are limbless burrowing tropical ani-
mals. Growth of gonads has been studied in Dermophis
mexicanus (Wake, 1980) and Typhlonectes compressicau-
da (Exbrayat, 1986a, 1986b). Development of gonads has
been the subject of a few works (Spengel, 1876; Brauer,
1902; Tonutti, 1931; Seshachar, 1936).

MATERIAL AND METHODS

Specimens of Typhlonectes compressicauda, an aqua-
tic viviparous species, were captured in French Guyana.
The sexual cycles are linked to the seasons. In the adult
male, each testis is constituted with 12 to 20 lobes dis-
posed on a common duct. In females, the ovaries are
paired elongated structures throughout which several ger-
minal nests are disposed on a segmented manner.

RESULTS AND DISCUSSION

Development of Typhlonectes compressicauda

The development of Typhlonectes compressicauda
can be described in four main stages. Stage I groups the
first stages of development. Stage II is divided into twelve
subdivisions in which the embryos possess a more or less
abundant yolk mass, and they are surrounded by a mucous
envelope. Intra-uterine hatching occurs at stage 25 or 26.
Stage III is divided into 6 divisions (26 to 31); the yolk
mass is exhausted, the embryos are free in the uterine
lumen, where they can move and grasp the wall. Meta-
morphosis occurs approximately from stage 30 to 32.
Stage IV is divided into 3 subdivisions (32 to 34); each
animal is an intra-uterine larva resembling a small adult
enveloped within two large vesiculous gills (Sammouri
et al., 1990).

Development of Gonads

Between the stages 23 and 25, primordial germ cells
(PGC), oval shaped and larger than the other endodermal
cells, are observed on the dorsal part of the endoderm of
the posterior intestine. They group into an endodermic
dorsal crest and enlarge and become rounded. Some of
them are in mitosis. Then, PGC use a temporary median
groove originating from the dorsal mesentery to reach a
median genital ridge located under the aorta. At stages 26
and 27, PGC leaves the median genital ridge to join the
median region of two lateral genital glands situated on the
sides of the aorta, where they become gonia. At stage 29,
the genital glands are paired segmented structures parallel
to the kidneys (Fig. 1). Each genital gland presents a cor-
tex and a medulla, with a poorly defined limit. The pea-
shaped genital glands enlarge and divide into two parts: an
internal side giving the gonad and an external side giving
the corresponding fat body. At stage 30, gonia migrate in a
centripetal direction but they are not particularly situated
in the cortex or the medulla, i.e., there is no visible differ-
entiation in an ovary or a testis. Some voluminous cells are
situated on the periphery of each gonad. Fat bodies enlarge
(Fig. 2). At stages 31 and 32, the center of the gonad con-
tains some ovoid cells with a granular nucleus. The cells
situated on the periphery of the medulla are larger. Several
small germ and follicle cells are found in the cortical re-
gion. Follicle cells begin to surround some small gonia
(Figs. 3 and 4). At stage 33, secondary gonia, originating
from the division of primary ones, are observed in some
animals. It is still not possible to recognize the sex accord-
ing to the position of germ cells in the gonad. At stage 34,
at birth, the gonads are morphologically differentiated into
testis or ovary that can be recognize by histology only. On
28 new-born, we could find 16 males and 12 females.

Growth of Gonads

In new-born, each lobe of a testis is constituted with
several lobules. Each lobule contains an islet of primary
spermatogonia surrounded with several follicle cells, are
grouped together at the end of a very small duct. The cyto-
plasm of follicle cells can be developed, with a fibrous as-
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pect with light microscopy, resembling to the Sertoli cells
of the adult. The nucleus of these cells is applied against
the wall of lobule. In one year old animal, each follicle cell
elongates. The nucleus moves away the spermatogonia,
and the basal pole contacts the germ cell. The cytoplasm
presents some filamentous structures with fat globules.
Primary and secondary spermatogonia are observed. Dur-
ing the second year, the biometric data indicate some vari-
ations looking like that of the adult testis. In January and
February, some primary and secondary spermatocytes and
spermatids are observed. In May – June (18 months old
animals), the spermatids and spermatozoa are observed,
but they degenerate and are eliminated. A proliferation of
spermatogonia and spermatocytes is also observed at this
period. In August, the testis resembles that of the adult. In
three years old animals, a normal sexual cycle with evacu-
ation of spermatozoa is observed: the sexual maturation is
reached.

In new-born female, the ovaries resemble a pair of
small strikes containing several oogonia and oocytes with
or without any follicle cells. When the ovaries develop, the
oocytes (150 to 300 ìm in diameter) are surrounded with
follicle cells; In the most developed ovaries, the oogonia

are grouped within germinal nests, between them several
follicles are observed. In 20 months old females, some
larger follicles (600 to 750 ìm) with a tiny vitellin mem-
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Fig. 1. Stage 29. Lateral genital glands: a, aorta; c, chord; gg, genital
gland. Scale bar is 12.5 ìm.

Fig. 2. Stage 30. Gonads and fat bodies: a, aorta; c, chord; ca, fat body;
gg, genital gland; r, kidney. Scale bar is 25 ìm.

Fig. 3. Stage 32. Gonads: cw, Wolffian duct; fb, fat body; gg, genital
gland; p, lung. Scale bar is 25 ìm.



brane are observed. In 25 months old animals (2 years,
August), the first vitellogenic oocytes and atretic follicles
are observed. The animals become adult in January (Feb-
ruary of the third year 24 to 30 months old animals). The
smallest pregnant female are 24 to 30 months old accord-
ing to their size. These results show that the sexual matura-
tion of females is also reached in 2 to 3 years old animals.

CONCLUSIONS

To summarize the development of gonads in Typhlo-
nectes compressicauda, we can say that PGC migrate from
an endodermic dorsal ridge to an impaired gonadic crest
then a paired primordial genital gland. The origin of gem
cells is endodermic, like in Anura (Bounoure et al., 1954;
Smith, 1965, 1966; Blackler, 1970; Gipouloux, 1970a,
1970b; Lamotte and Xavier, 1972). In contrary, in Urode-
la, the PGC are of mesodermal origin (Humphrey, 1928;
Nieuwkoop, 1947; Blackler, 1958; Houillon, 1967; Capu-
ron, 1972; Satasurja and Niewkoop, 1974; Wakahara,
1996). In the Anura and Urodela (except for the neotenic
species), the sexual differentiation is observed just before
or after the metamorphosis (Lofts, 1974). In Typhlonectes
compressicauda, the morphological differentiation is de-
layed to the birth, e.g., two months after the metamorpho-
sis. The sexual maturation of Dermophis mexicanus, an-
other Gymnophiona, has also been observed in two to
three year old animals (Wake 1980).

During the first year after the birth, the physiology of
the animal is mainly oriented towards the growth. The tes-
tes and ovaries enlarge, the germ cells begin to organize

themselves in a functional structure. During the second
year of the life, several variations are reminiscent of the
sexual cycle of adult in testes as in ovaries. For both sexes,
the maturation occurs during the third year.
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DIVERSITY IN THE TIMING OF DIGIT OSSIFICATION
WITHIN THE LIMB DEVELOPMENTAL BAUPLAN IN CAUDATA

J. R. Hinchliffe,1 E. I. Vorobyeva,2 and D. N. Mednikov2

At the early prechondrogenic stage, within an overall common developmental bauplan, the larval urodele limb pro-
vides examples of variation in pattern some of which may be classified as caenogenetic or heterochronic, in some
cases clearly adaptive. Comparison of ossification pattern in larval limb development has been relatively neglected.
The sequence of ossification along the fore and hindlimb digits was examined in Salamandrella keyserlingii,
Onychodactylus fisheri, Triturus vulgaris, and Triturus vittatus. In Onychodactylus and Triturus vittatus in almost all
digits the ossification sequence is proximo-distal as in the chondrogenic sequence. In Salamandrella the normal se-
quence is also proximo-distal, but in the digits of a number of variants the sequence is distal-proximal. In Triturus
vulgaris, the sequence is distal-proximal. These differences appear unrelated to phyletic relations or to ecological
niche, whether this is rheophilic (Onychodactylus) or limnophilic. The variety of normal sequences together with the
frequency of individual variation suggests that the ossification sequence may not be tightly controlled. But the varied
patterns of chondrogenesis and digit ossification illustrate the dynamic and varied character of the developmental
bauplan of the caudate limb.

Keywords: Salamandrella keyserlingii, Onychodactylus fisheri, Triturus vulgaris, Triturus vittatus, larval limb
development.

INTRODUCTION

For many years there has been active discussion of a
possible developmental basis of tetrapod limb homology,
that overall similarity of structure which underlies all te-
trapod limbs regardless of their specialization. This has
been sought particularly in terms of early prechondrogenic
patterning of the limb skeleton, considered to reflect
shared developmental processes. More recently homology
has also been considered to be based in shared patterns of
regulatory gene (especially Hox genes) expression (re-
view, Hinchliffe, 2002).

Caudates (urodeles) have provided controversial evi-
dence for this discussion. In particular their antero-poste-
rior sequence of digit development, strikingly different
from that of other tetrapod taxa, has been taken as an indi-
cation of a fundamental difference in their skeletal bau-
plan, important enough to justify a theory of their inde-
pendent origin as tetrapods. However, we have argued in a
number of articles that there is in fact a single tetrapod
bauplan and that caudates have some unique features
(Hinchliffe, 2002; Hinchliffe and Vorobyeva, 1999). Their
differences with for example the anurans are minor if com-

parison is made using basal caudates such as the hyno-
biids. Using immunofluorescence as a means of revealing
more clearly the prechondrogenic pattern, basal caudates
demonstrate similarities with anurans (together with other
tetrapods) in proximo-distal skeletal development at the
carpus�tarsus level and in the presence of a digital arch.
Their principal difference is in the anterior to posterior se-
quence of digit development though even here in direct de-
veloping caudates there is evidence of a sequence more
like that of other tetrapods (Shubin and Wake, 1995).

Viewed as a whole, caudates present evidence of hete-
rochrony and variation within the overall tetrapod skeletal
developmental bauplan (Wake and Hanken, 1996). Some
of these features are related to their larval limb adapta-
tions: unlike all other tetrapods, caudates use the limb for
locomotion during its development. This may account for
the general feature of anterior-posterior digit formation, a
possible adaptation to the early use of the limb in contact-
ing the substrate in many caudate species. Possibly the
general tetrapod “make posterior digits first” rule has been
over-ridden in caudates as an adaptive heterochronic mod-
ification (Vorobyeva, 1999).

Within caudates, hynobiids show clearly a range of
heterochronic and caenogenetic features of their limb de-
velopment. The limnophilic Salamandrella keyserlingii
has a larval limb with a temporary web between digits 1
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and 2 and which is used for first “planing” (the floating
phase of this pelagic larva) and then movement over the
substrate. Two rheophilic species have been analyzed.
Here a priority is maintaining a position in running water.
Ranodon sibiricus has early claw development and a small
interdigital web. Onychodactylus fisheri also has early
claw development and a long skin fold along external side
of the limb (Vorobyeva and Hinchliffe, 1998). Both have a
specialized organ linking the ventral tendon to the digit tip,
probably increasing the leverage and therefore the grip
which the tendon can exert.

In caudates at the intraspecific level there is a remark-
able degree of individual variation during the skeletal pat-
terning of the limb. A study of the variants in the Salama-
ndrella larval limb skeleton (Borkhvardt, 1994) and in Ra-
nodon (Vorobyeva et al., 1997) demonstrate a great variety
of loss or fusions of elements or alternatively of the ap-
pearance of new or atavistic elements. In Salamandrella
only about 30% of individuals have the “standard” pattern.
Alberch and Gale (1985) have reported in a variety of
caudate species that the different patterns follow certain
predictable rules and are a result in some cases of hetero-
chrony. Alberch links this to experimental work on Axo-
lotl limbs where the variants in the cartilaginous skeleton
were a result of differences in limb bud size and availabil-
ity of limb bud mesenchyme for skeletal formation, for ex-
ample for the last forming digits. He relates this to similar
patterns found as the standard morphology in particular
species and believes that similar heterochronic events are
responsible.

In conclusion we emphasize that within an overall
common bauplan, caudates demonstrate the importance of
heterochrony, caenogenesis and variation at the early
chondrogenic phase of limb development in generating the
variety of definitive morphologies which are displayed at
both at the intra- and inter-specific level. We focus next on
the more neglected subject of the diversity in caudate dig-
its of the sequence of ossification.

RESULTS

Despite the substantial literature which is concerned
with the chondrogenic patterns of caudate larval limbs,
apart from experimental studies by Keller (1946) on meta-
morphosis in the Axolotl, much less attention has been
given to digit ossification patterns (Wake and Hanken,
1996). Generally digits chondrify in a proximo-distal di-
rection. Do digits ossify in the same direction?

Histological study of the ossification process shows
that the skeletal elements must first reach a mature stage of

chondrogenesis with the hypertrophy of the central chon-
drocytes of the cartilage element or “model.” First a cylin-
der of bone forms round this model, then the central hyper-
trophic cartilage is eroded and replaced by bone and fi-
nally the cartilage is restricted to the two ends of the
model. This replacement process may be very slow in cau-
dates, sometimes never taking place in the carpus and tar-
sus elements. However the timing of ossification is subject
to the constraint that the cartilage model must be formed
first (ossification cannot take place independently from
chondrogenesis) and it must be undergoing central hyper-
trophy. One might therefore expect that the sequence of
ossification of the digit elements reflects the initial se-
quence of formation of the cartilage models. However, this
is not the case. It may be that the process of digit cartilage
hypertrophy does not reflect this initial sequence: the tim-
ing of the two processes may be dissociated.

We report here the ossification sequences in the digits
of two hynobiid species, Salamandrella keyserlingii and
Onychodactylus fisheri and also in two salamandrid spe-
cies: Triturus vulgaris and Triturus vittatus. Using the Ali-
zarin Red method to stain bone, our findings show that the
ossification patterns are varied and range from species
where the sequence is proximal to distal in all the digits,
through those where it is different in the different digits, to
those where it is distal to proximal. However, all the spe-
cies show an anterior to posterior gradient (digit 2 ossifies
first followed by the sequence 3, 4, 5) which is the same as
the digit chondrification sequence along that axis.

The proximal to distal sequence appears to be the
norm for tetrapods other than caudates (e.g., anurans,
mammals [mouse], and birds [chick]) and it is found in the
axolotl (Keller, 1946) and Onychodactylus fisheri (Voro-
byeva and Hinchliffe, 1998), though in both species the
evidence is not complete. The complete analysis made of
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Fig. 1. Schematic drawing of the forelimb skeleton in Salamandrella
keyserlingii stage 41 larva showing ossified areas (black). R, radius; U,
ulna; I – IV, digit no.



the hind limb of Triturus vittatus shows a proximal to dis-
tal sequence in all digits.

Examples of limbs which show a different ossification
sequence in different digits are provided by Triturus vitta-
tus and Salamandrella keyserlingii. Both species are lim-
nophilic (Kuzmin, 1999) but belong to either to basal (Hy-
nobiidae) or to advanced (Salamandridae) families. In the
forelimb of T. vittatus digits 2 and 4 the sequence is prox-
imo-distal, while in digits 1 and 3 it is distal-proximal. In
S. keyserlingii both the fore and hind limb digits are gener-
ally proximo-distal (Figs. 1 and 2), but distal-proximal in
digit 1 in both fore and hind limbs and also in variants of
fore limb digits 3 and 4 (Figs. 1 – 4).

In Triturus vulgaris (which is also limnophilic and
phylogenetically close to T. vittatus) in both fore and hind
limbs all digits demonstrate a distal to proximal sequence
(Figs. 3 and 4; see Vorobyeva and Mednikov, 2002).

This species also shows some other diversification of
ossification. The relative timing of ossification of digits
relative to the zeugopod is unusual. The ossification pro-
cess in the hindlimb starts from the femur (as is typical for
caudates as a whole) but at stage 50 (a minimum 14 days
after hatching) when hindlimb is still three fingered (all
the digit elements of the forelimb have now ossified, ex-
cept for carpal elements and digit IV) the next element to
ossify is metatarsal of the digit II, and only subsequently
the tibia. Shortly after this, the ossification of terminal
phalange of digit II and fibula begins (stage 51). Usually

zeugopod elements in caudates (as in other tetrapods) os-
sify earlier than the digit elements.

The degree and tempo of digit ossification varies
among caudates at inter- and intraspecies levels. Among
the species studied, Ranodon and Onychodactylus (rheo-
philic hynobiids) show wholly ossified phalanges at meta-
morphosis. In Salamandrella the tempo of phalanx ossifi-
cation is slower and has individual variation. But in gen-
eral in all caudates, the degree of ossification increases
during ontogeny including postmetamorphic and adult
animals.

DISCUSSION

Generalizing for caudates as a whole about the chon-
drification and ossification of their limb skeleton, the ini-
tial sequence for both processes is proximal to distal for
the stylopod (e.g., humerus, femur) and zeugopod (e.g., ra-
dius and ulna, etc.) parts of the limb skeleton (with some
exceptions as in T. vulgaris). Chondrification within the
individual digits in all cases is proximal to distal, though
there is an overall anterior to posterior sequence of digit
formation. The first digit element to ossify is the metacar-
pal or metatarsal of digit 2 and the sequence for the digits
is always anterior to posterior. In the digits it is the phalan-
ges which show variation (both inter- and intra-species) in
the sequence of ossification which is sometimes proximo-
distal and sometimes distal-proximal for the limb while in
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Fig. 2. Schematic drawing of ossification sequence in forelimbs of Salamandrella larvae of stages 41 – 43. I – IV, digit no. Specimens showing varia-
tion are shown (e.g., 2sp = 2 specimens) in addition to normal individuals.



some species different digits have different ossification se-
quences. Tarsus and carpal elements do not ossify in the
larvae and in the adult ossification of these elements is
slow or even absent.

The timing of the beginning of ossification is related
to the time at which the larvae begin to use the limb digits
to move on the substrate. This is early in Triturus species
at about 2 – 5 days post hatching. This time is later in Sa-
lamandrella at about the second week since initially on the
bottom the larvae use the interdigit 1 – 2 web as a tempo-
rary “finger” until its regression.

The ossification sequence of the digits whether prox-
imo-distal or the reverse does not appear to have special

importance as an adaptational feature in the larvae, for
example as between limnophilic and rheophilic species.
Once ossification of a digit begins it is completed fairly
rapidly. Within the individual digit the pattern changes
quickly as the next element begins ossification and this to-
gether with the frequency of deviation from the normal
pattern for the species suggests that the pattern may not be
too tightly controlled. Probably we should see the trajec-
tory of the digit ossification process as directed towards
the completion of definitive bone morphology by the end
of metamorphosis, enabling the newts to move on the land.
Ossification timing for individual digit elements may be
less important from a larval adaptive viewpoint. But the
varied patterns of digit ossification in caudates — like the
varied patterns of chondrogenesis — illustrate the dy-
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Hindlimbs

Triturus vittatus
2:2:3:3:2

Salamandrella keyserlingii
2:2:3:2

Triturus vulgaris
1:2:3:3:2

Fig. 4. Ossification sequence of phalanges and metatarsals of digits
I – V of the hindlimbs of Triturus vittatus, Salamandrella keyserlingii
and Triturus vulgaris. Variant pattern (V) is shown for Salamandrella (N,
normal). Ossification begins in digit II in all three species. Sequence is
proximo-distal in both Triturus vittatus and normally for Salamandrella.

Forelimbs

Triturus vittatus
2:2:3:2

Salamandrella keyserlingii
2:2:3:2

Triturus vulgaris
1:2:3:2

Fig. 3. Ossification sequence of phalanges and metacarpals of digits
I – IV of the forelimbs of Triturus vittatus, Salamandrella keyserlingii,
and Triturus vulgaris. Variant pattern (V) is shown for Salamandrella (N,
normal). Ossification begins in digit II in all three species.



namic and varied nature of the developmental bauplan of
the caudate limb.
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A COMPARATIVE STUDY OF THE FORM AND EVOLUTIONARY IMPLICATIONS

OF THE INTERDIGITAL MEMBRANE OF LARVAL HYNOBIID SALAMANDERS

K. Iizuka,1 S. K. Sessions,2 S. Yasugi,3 T. Nakazato,4 and Y. Takeuchi5

A comparative study explored limb development among Japanese hynobiid salamanders including both those with
pond-type larvae (Hynobius lichenatus, Hynobius nigrescens, Hynobius tokyoensis) and those with stream-type larvae
(Hynobius kimurae, Onychodactylus japonicus). Within the genus Hynobius, all species with the pond-type larva
have early limb development characterized by the transient formation of an interdigital membrane (IM). The IM is
completely absent in O. japonicus, and present as a vestigial IM in species of Hynobius that have stream-type larvae.
Our observations, along with available information about other hynobiid and non hynobiid salamanders, indicate that
1) the IM is probably characteristic of cryptobranchoid salamanders, 2) the IM has an adaptive value in pond habitats
but not in stream habitats, and 3) the IM has been reduced or lost two or three times independently within the
Cryptobranchoidea. This pattern also suggests that within the genus Hynobius, species with stream-type larvae are de-
rived relative to pond-type species.

Keywords: limb development, salamander larva, interdigital membrane, pond-type, stream-type, Cryptobranchus,
Hynobius, Onychodactylus.

INTRODUCTION

Some hynobiid salamanders have an interdigital mem-
brane (IM), which is a fin-like structure that forms be-
tween digits 1 and 2 during early limb development and
then disappears as limb development proceeds. The pres-
ence of an IM was first described for Salamandrella key-
serlingii (Schmalhausen, 1910; Vorobyeva and Hinchliffe,
1996) and later for several species of Hynobius (Sawano,
1947; Iwasawa and Yamashita, 1991). Such a structure has
not been found in any other salamander group, although
Holmgren (1933) reports a vestigial IM in the North
American cryptobranchid salamander Cryptobranchus al-
leganiensis. Holmgren (1933) believed the IM tells us
something about the organization and origin of the pattern
of development of the vertebrate limb, and others have
suggested that the IM has adaptive value for pond-type lar-
vae (Wake and Shubin, 1998). The IM structure is absent
or vestigial in stream-type larvae. Here we present the re-
sults of a comparative study of limb development in Japa-
nese species of hynobiid salamanders. Our results suggest
that the IM is probably a primitive feature of cryptobran-
choid salamanders and that it has been reduced or lost at
least twice independently in the cryptobranchoid lineage.

Within the genus Hynobius the IM has been reduced to a
vestigial condition in species that have stream-type larvae,
and this suggests that the IM only has adaptive value in
quiet water habitats. Our results combined with previous
observations suggest that stream-type larvae are derived
relative to pond-type larvae, at least in the genus
Hynobius.

MATERIAL AND METHODS

Egg clutches of Hynobius lichenatus and Hynobius ni-
grescens were collected in Shiobara-machi (Tochigi Pre-
fecture, Japan) in the spring of 2001, and egg clutches of
Hynobius tokyoensis were collected in Sano-shi (Tochigi
Prefecture) in the spring of 2002. Eggs of Hynobius kimu-
rae were collected in Hikami-gun (Hyogo Prefecture) in
the winter of 2001. Adult males and females of Onycho-
dactylus japonicus were obtained in Minamiaizu-gun (Fu-
kushima Prefecture) in the early summer of 2001, and
eggs of this species were obtained from the captive adults
by means of an injection of gonadotropin hormone. The
fertilized embryos were raised under low temperature in
laboratory conditions. At selected times the larvae were
fixed in buffered 10% formalin and photographed by
means of a Leica microscope and digital photography. De-
velopmental stages of the larvae of the three species of
pond-type Hynobius were identified according to the de-
fined stages for H. lichenatus (Sawano, 1947) and H. ni-
grescens (Iwasawa and Yamashita, 1991). The develop-
mental stages of the larvae of the stream-type hynobiids
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were identified according to the defined stages for H. ki-
murae (Akita, 2001) and of O. japonicus (Iwasawa and
Kera, 1980).

RESULTS

Of the specimens examined in this study, the three spe-
cies of Hynobius with pond-type larvae, H. lichenatus,
H. nigrescens, and H. tokyoensis, all had interdigital
membranes (Figs. 1 – 3 and Table 1). These pond-type
larvae were also characterized by well-developed ba-
lancers (Fig. 1a, c). The early forelimb buds have a spear-
like morphology that, by the two-digit stage, resolves it-
self as a symmetrical structure consisting of a pointed IM,
with digits 1 and 2 developing on either side (Fig. 1a – d).
As the forelimb develops, the IM regresses and is nearly
gone by the 3-digit stage (Fig. 2a, b). As in most other sal-
amanders with aquatic larvae, the development of the hind
limbs is delayed relative to the forelimbs, but in these spe-
cies the hind limbs also develop a distinct IM that will re-
gress as the limb develops (Fig. 2c, d). The pattern of
forelimb and hind limb development appears to be identi-

cal in all three species (Figs. 1 – 3) as well as in Hynobius
nebulosus (Sessions et al. , unpublished; Table 1).

We also examined the limb development of two
hynobiid species that have stream-type larvae. Relative to
the embryos of the pond-type Hynobius species, the em-
bryos of Hynobius kimurae are large, yolky, sparsely pig-
mented, and develop more slowly (Fig. 4a), and there is
less of a delay between the development of the forelimbs
and the hind limbs. The limb buds are less pointed than
those of the pond-type larvae (Figs. 4b – d and 5a) and a
full IM never develops. Nevertheless, there is an apparent
vestigial IM in the two-digit stage (Fig. 5b and Table 1)
and then it is completely absorbed by the three-digit stage
(Fig. 5c, d). The Taiwanese stream-type hynobiid, Hyno-
bius formosanus, also possesses a vestigial IM (Kakegawa
et al., 1989), so a vestigial IM seems to be characteristic of
stream-type Hynobius (Table 1). Relative to pond-type
Hynobius, Onychodactylus japonicus has large, yolky,
slow-developing embryos with less developmental delay
between the forelimb and hind limb (Fig. 6a). The fore-
limbs of O. japonicus are almost completely developed by
the time of hatching, but the hind limbs have just begun
developing digits and are comparable to the hind limbs
of pond-type Hynobius when the IM is fully formed
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Fig. 1. Limb development in the pond-type larva of Hynobius lichenatus. a, b: Developmental stage 48. The interdigital membrane (IM) of the
forelimbs is fully formed at this stage and is located between digits 1 and 2 (arrows). c, d: Forelimbs of H. lichenatus at stage 50. The IM is beginning to
regress, and development of the first two digits is symmetrical around the central IM (arrows). The larvae have a pair of well-developed balancers that
are visible in (a) and (c). Scale bar is 1 mm (c).
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Fig. 2. Limb development in the pond-type larva of Hynobius lichenatus at stage 51 (forelimbs at the 3-digit stage). a, c: Forelimbs of H. lichenatus
with three fingers and the IM (arrows) that has undergone further regression. b, d: As in most salamander larvae, the hind limbs developing later than the
forelimbs, and accordingly the development and regression of the IM is occurring later in the hind limbs (arrows). Scale bar is 1 mm (b).

Fig. 3. Limb characteristics in pond-type larva of Hynobius nigrescens (a, b) and Hynobius tokyoensis (c, d) showing the IM (arrows). Both are at ap-
proximately stage 50. Scale bar is 1 mm (a, c).
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Fig. 4. Limb development in the stream-type larva of Hynobius kimurae at stage 42 (a, b) and at stage 45 (c, d). The limbs (arrows) are poorly devel-
oped at these early stages. Scale bar is 1 mm (a).

Fig. 5. Limb development in the stream-type larva of Hynobius kimurae at stage 46 (a), stage 47 (b), stage 48 (c), and stage 50 (d). A vestigial
interdigital membrane (arrow) can be seen between digits 1 and 2 at stage 47 (b), but has disappeared by the 3-digit stage (c).



(Fig. 6b – d). However, there is no sign of an IM of any
kind in O. japonicus (Fig. 6c and Table 1). The embryonic
limbs of O. japonicus larvae also have several special fea-
tures that appear to be adaptations for stream habitats, in-
cluding well-developed claws and a thin, fin-like mem-
brane that extends the entire length of the posterior margin
of both forelimbs and hind limbs (Fig. 6d).

DISCUSSION

The Suborder Cryptobranchoidea includes two fami-
lies of primitive salamanders, the Cryptobranchidae and
the Hynobiidae (Larson and Dimmick, 1993). Phylogen-
etic relationships among these salamanders, especially
within the diverse family Hynobiidae, are poorly under-
stood. Middle Jurassic fossils suggest that cryptobranchid
salamanders may be the most ancient member of the
“crown-group” (living and recent fossil) urodeles (Gao
and Shubin, 2003) Closely related to the Cryptobranchi-
dae are the hynobiid salamanders, an ancient lineage that
displays primitive characteristics in their osteology, re-
productive biology, and cytogenetics (Morescalchi et al.,
1979). This makes the suborder Cryptobranchoidea a par-
ticularly interesting group for the study of the evolution of

the vertebrate limb. One of the earliest studies of limb de-
velopment in a cryptobranchoid salamander was by
Schmalhausen (1910), who described the morphology of
limb development in the hynobiid salamander Salaman-
drella keyserlingii, which is a species with a pond-type
larva and a well-developed IM (Table 1). The presence of
an IM in S. keyserlingii gives the developing limb a resem-
blance to the biserial archipterygium of the Australian
lungfish Ceratodus, a fact noted by Holmgren (1933) who
used it to identify homologies in the central axes of verte-
brate limbs and fins.

The present study of the IM of hynobiid salamanders
has been directed toward understanding the evolutionary
significance and possible function of this structure. There
are several questions. Is the IM an essential aspect of limb
formation, or does it represent a larval adaptation to partic-
ular habitats? Also, can the presence or absence of the IM
shed any light on phylogenetic relationships among hyno-
biid salamanders, especially within the genus Hynobius?

If the IM is an essential component of limb formation
then we would expect to see an IM in both forelimbs and
hind limbs, which we do. However, most salamanders, in-
cluding other genera of hynobiids, do not have anything
resembling an IM, so apparently it is not an essential com-
ponent of limb formation in salamanders. A well-devel-
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Fig. 6. Limb characteristics of a larva in the stream-type hynobiid Onychodactylus japonicus immediately after hatching at stage 56 (a – c) and at stage
61 (d). The hind limbs (c) have no trace of an interdigital membrane (arrow), although a thin fin-like membrane (arrow) was observed along the posterior
margins both in forelimbs and hind limbs (d). The forelimbs are equipped with black cornified claws (arrows) (b, d). Scale bar is 1 mm (a).



oped IM is only seen in those species of Hynobius that
have a pond-type larva, and it is reduced in species of
Hynobius with stream-type larvae. This correlation sug-
gests that the IM may be have adaptive value for larvae in-
habiting quiet waters and it has become vestigial in those
species that have become secondarily adapted to flowing
waters.

One interpretation of the evolutionary significance of
the IM of Hynobius species is that the stream-type species
evolved from a pond-type ancestor, or ancestors, and the
adaptation involved the reduction of the IM. This view is
supported by the fact that an IM is also found in Salaman-
drella keyserlingii, a species with pond-type larvae and

which can be used as an outgroup to the genus Hynobius.
However, the situation is complicated by the fact that an
IM is completely absent in other hynobiids outside of the
genus Hynobius, including Onychodactylus, Batrachupe-
rus, and Ranodon, which all have larvae with pronounced
adaptations to stream habitats (Vorobyeva et al., 1997;
Hinchliffe et al., 2003). Perhaps the IM is a derived feature
(synapomorphy) linking Salamandrella and Hynobius as
sister taxa. Little is known about limb development in
cryptobranchids, but Holmgren (1933) illustrates a limb
bud of Cryptobranchus alleganiensis showing what he
identified as a vestigial IM (Table 1). If that identification
is correct, then we would have to conclude either that an
IM is a primitive feature of the Cryptobranchoidea and
that it has become reduced or lost independently in several
different lineages (Fig. 7a), or that the non-Hynobius gen-
era with stream-type larvae are all outgroups to a central
lineage consisting of cryptobranchids, Salamandrella and
Hynobius (Fig. 7b). The resolution of these questions will
depend further analyses of the phylogenetic relationships
within the suborder Cryptobranchoidea.
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TABLE 1. A List of the Salamanders of Japan and Taiwan Plus Crypto-
branchus of North America

Species
Chro-

mosome
No.

Larval habitat
Occur-
rence
of IM

Cryptobranchidae

Andrias A. japonicus*1 60 stream ? (+vIM)

Cryptobranchus C. alleganiensis*2 60 stream +vIM

Hynobiidae

Salamandrella S. keyserlingii*3 62 pond +IM

Hynobius H. retardatus 40 pond

H. lichenatus 56 pond +IM

H. tokyoensis 56 pond +IM

H. hidamontanus 56 pond

H. takedai 56 pond

H. tenius 56 pond

H. abei 56 pond

H. nigrescens 56 pond +IM

H. nebulosus*3 56 pond +IM

H. dunni 56 pond

H. tsuensis 56 pond (stream)

H. okiensis 56 stream (pond)

H. kimurae 58 stream +vIM

H. naevius 58 stream

H. stejnegeri 58 stream

H. boulengeri 58 stream

H. arisanensis 58 stream

H. formosanus*4 58 stream +vIM

H. sonani*4 58 stream +vIM

Onychodactylus O. japonicus 78 stream —

Salamandridae

Cynops C. pyrrhogaster 24 pond —

C. ensicauda 24 pond —

Echynotriton E. andersoni 24 pond —

Table compares the diploid chromosome number, larval habitat, and oc-
currence of an interdigital membrane (IM) or vestigial interdigital mem-
brane (vIM) for these salamanders. *1 Iwama (1968): we could not rec-
ognize certain vIM at stage 44; *2 Holmgren (1933); *3 Sessions et al.
unpublished data; *4 Kakegawa et al. (1989).

Other groups

1 2

a

b
Other groups

Stream-type vIMHynobius

Stream-type vIMHynobius

Pond-type IMHynobius

Pond-type IMHynobius

Salamandrella IM

Salamandrella IM

Onychodactylus etc.

Onychodactylus etc.

Cryptobranchus vIM

Cryptobranchus vIM

Fig. 7. Alternative phylogenies for the evolution of the interdigital
membrane (IM) in hynobiid salamanders. a: The IM evolved in an ances-
tral cryptobranchoid (1) and was later lost (2) in Onychodactylus and in
other groups that have strong secondary adaptations to stream habitats.
The IM becomes vestigial (vIM) in cryptobranchids and stream-type
Hynobius. b: The IM evolved in an ancestor to a lineage including only
crytpobranchids, Salamandrella, and Hynobius.
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THE DISTAL LIMB PART’S VARIABILITY IN AMPHIBIA AND REPTILIA

Yu. I. Kruzhkova1

This paper deals with acro- and basipodial variability in Tetrapoda on the whole and in Amphibia and Reptilia in par-
ticular. The variability analysis by “method of spectra” (Kovalenko, 1996) was applied. The characters, chosen for the
analysis, were shown to combine with each other in an unfree way. The regularities of their combination were found.
The comparative analysis of variability trends of mentioned structures in Amphibia and Reptilia allowed to reveal the
qualitative and quantitative criteria of their real acro- and basipodial variability diapasons, discriminating these
groups from each other. Besides distinctions, reptilians and amphibians were shown to have common regularities, dif-
fering from birds and mammalians.

Keywords: acropodium, basipodium, variability, Amphibia, Reptilia.

It is well known that the most variable segments in
tetrapod extremity are basi- and acropodium. This is not
surprising because of the great number of elements they
contain and tendency towards fusion and new formation
within them. Most of researches into the evolution of
pentadactyl limb add up to the consideration of just these
parts alterations (Shmalgauzen, 1915; Severtsov, 1950;
Alberch and Gale, 1985; Shubin et al., 1995; Lee, 1997;
etc.).

The aim of the present investigation is to find out if
there is any correlation between variation of acropodium
and basipodium in tetrapod limbs and to compare varia-
tion ranges of these structures in Amphibia and Reptilia.

MATERIAL AND METHODS

The material we possess includes data on extant and
extinct forms. The total number of analyzed orders, fami-
lies and species is presented in Table 1. The descriptions
were carried out on the osteological collections of the De-
partment of Vertebrate Zoology, St. Petersburg State Uni-
versity, and Zoological Institute of the Russian Academy
of Science.

All material was analyzed by the “method of spectra”,
proposed by Kovalenko (Kovalenko, 1996).

DISCUSSION

The first step according to the “method of spectra” is
determination of the features’ variability ranges. At this
stage of research the author dwelled on the variation of

quantitative characters. It was found out that the number
of elements in basipodium varies from 0 to 15, whereas the
number of rays in acropodium, from 0 to 11. Combining
the states of both features’ with each other and arranging
their combinations in lattice form according to the acropo-
dial feature in columns and according to the basipodial one
in lines, we obtain the theoretical spectrum (St) of limb
variability (Fig. 1). Hence, the sum of all possible combi-
nations amounts to 192.

Then the cells corresponding to the variants found in
Tetrapoda should be marked in this lattice. The marked
cells form the pattern of the real spectrum (Sr). The num-
ber of met combinations is 60. This accounts for only 31%
of the theoretically calculated sum. Such low percentage
could be explained by two reasons:

1. our material is too scanty and does not include all
the variants occurring in the group;

2. the characters, chosen for the analysis are com-
bined with each other in unfree way; thus, not all theoreti-
cally possible combinations can be realized in onto-
genesis.

If the attributes do vary independently, their real com-
binations have to fill the lattice uniformly. The scantiness
of material would result in the randomly situated empty
cells and the obtained pattern of the real spectrum should
be mosaic. Nevertheless in fact (Fig. 1) one can see the re-
alized variants grouped in two opposed sectors: upper left
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TABLE 1. Material

Group
Extant Extinct Total number

of speciesorders families orders families

Amphibia 2 17 6 10 70

Reptilia 4 38 15 19 160

Aves 40 139 5 6 154

Mammalia 15 33 1 3 153



and lower right. Such ordered arrangement supports our
assumption about correlation between acro- and basipo-
dial variability. However, there is no direct relation
between the numbers of elements within these limb parts
since at a certain state of one feature the other one, could
have a rather wide variation range. Interestingly, that only
two acropodial states, pentadactyl and close to it tetradac-
tyl, allow practically all basipodial patterns to be realized.
The forth and fifth columns in Sr are the fullest and their
upper and lower parts contain marked cells, while, to the
left and to the right of them one can see restrictions on the
large groups of combinations (empty cells in Fig. 1).

As it has been mentioned before, the common spec-
trum of Tetrapoda contains data on limb structure in Am-
phibia, Reptilia, Aves, and Mammalia. In other words, it
was composed of the limb variability diapasons of these
groups. In Fig. 2 one can see the positional relationship of
these diapasons within the theoretical spectrum. It is note-
worthy, that being overlapped in lattice center, either of the
four spectra, stretches in its own direction. Such a picture
suggests the different regularities of limb variation in the
above groups. In order to test this suggestion let us com-
pare the real spectra of Amphibia and Reptilia (Fig. 3).

These spectra differ from each other by several character-
istics. The first of them is the sum of realized combina-
tions or the spectrum fullness. In amphibians we found 27
variants (Fig. 3a), while in reptilians, 41 (Fig. 3b). thus,
the limb diversity in Reptilia is half as much again, as in
the former group.

The second distinction is the pattern formed by real
variants in the theoretical lattice. In amphibians (Fig. 3a)
the most part of marked cells are situated within the fourth
and fifth columns (10 and 12, respectively). Thus, in
penta- and tetradactyl limb the range of basipodial vari-
ability is very wide, whereas at other acropodial states,
basipodium did not vary at all. The pattern of reptilian
spectrum looks quite different (Fig. 3b). The fourth and
fifth columns as well, as in amphibians are the fullest, but
there is a rather wide diapason of basipodium variability
also at many other acropodium states, all columns of lat-
tice left half contain several marked cells. Combinations
from this part of the spectrum correspond to different vari-
ants of reduction in both acro- and basipodium. Their di-
versity is much higher in reptilians, than in amphibians.
Decreasing of elements number was observed in both limb
pairs in either class, but in reptilians the hind extremities
tend to greater reduction, than the fore ones. In amphibians
the situation changes to vise versa. As a rule the number of
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Fig. 1. The spectrum of real variants of limb structure (Sr) of Tetrapoda,
inscribed in spectrum of theoretical variants (St) of Tetrapoda. The fig-
ures, situated above the lattice and on its left, are the codes of columns
and lines, which indicate the number of acropodial rays and basipodial el-
ements, respectively. The figures under the lattice and on its right indi-
cate the number of variants of basipodial and acropodial structure, re-
spectively, which were met at the certain state of second attribute in the
investigated group.�, The variant of limb structure, which was not met
in the investigated group;�, the variant of limb structure, which was met
in the investigated group.
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Fig. 2. The positional relationship of Sr of Amphibia, Reptilia, Aves and
Mammalia in St of Tetrapoda. The letters in cells indicate the classes of
Tetrapoda, in which the given variant of limb structure was found: A,
Amphibia; Av, Aves; R, Reptilia; M, Mammalia.�, The variant of limb
structure, which was met in several classes of Tetrapoda; �, the variant
of limb structure, which was met in only one class of Tetrapoda. For other
designations see Fig. 1.



elements in the fore limbs of the latter class representa-
tives is less, than in their hind extremities.

The percentage ratios between low- and high-fre-
quency combinations are also different in these classes. In
Amphibia variants, which were met in only one family
(monotypic variants) account merely to 29% of their Sr,
while in reptilians, to 45%. The difference between these

figures will be much larger, if we retain in spectra the data
on only extant forms (Fig. 4). The percentage of monoty-
pic variants in amphibians will account to 23%, in reptil-
ians, to 76%. The presence of such low-frequency combi-
nations is due to inter- and intraspecies variability in some
families of these classes and characteristic features of Sr
patterns of these families. For example, in Hynobiidae and
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Fig. 3. Sr of Amphibia (a) and Reptilia (b) in St of Tetrapoda. The figures within the filled cells indicate the number of families in which the given com-
bination of mentioned characters was met. ?, the exact number of families in which this variant was found is unknown.�, The variant of limb structure,
which was met in several families of the corresponding class;�, the variant of limb structure, which was met in only one family of the corresponding
class. For other designations see Fig. 1.

a Acropodium

0 1 2 3 4 5 6 7 8 9 10 11

B
as

ip
od

iu
m

0

1

2

3 2 2 2 3

4 1 2 2

5 2 2 2

6 6 3 2

7 6 4 2

8 6 2 2

9 5 3 2

10 3 3 2

11 1 2 2

12 1 1 2

13 1 1

14

15

1 1 9 11 22

b Acropodium

0 1 2 3 4 5 6 7 8 9 10 11

B
as

ip
od

iu
m

0 1 1 2

1 1 1 1 3

2 1 1 1 1 1 5

3 1 1 1 2 4

4 1 1 1 1 4 5

5 1 1 1 1 7 5

6 1 1 4 3

7 1 3 2

8 1 4 2

9 1 5 2

10 3 1

11 3 1

12 1 1

13

14

15

5 3 5 6 6 11 36

Fig. 4. Sr of extant Amphibia (a) and Reptilia (b) in St of Tetrapoda. For other designations see Fig. 3.



Plethodontidae fourteen and eight variants of limb struc-
ture were described, respectively, (Hanken and Dinsmore,
1986; Dwyer and Hanken, 1990; Borkhvardt and Ivashin-
tsova, 1993, Vorobyeva and Hinchliffe, 1998). It can be
seen in Fig. 5a, that spectra of these families have more or
less similar patterns and coincide with each other and with
the spectra of the rest of the families throughout a signifi-
cant area. Hence, they contribute only 27% of the variants
(five combinations) in common Sr of extant amphibians
(Fig. 4a). In Reptilia we see another kind of picture. They
also demonstrate a very high inter- and intraspecies varia-
tion of limb structure; for example, in Cordilidae and Scin-
cidae 13 and 10 variants were described, respectively, (Es-
sex, 1927; Stokely, 1947; Severtsov, 1950). However, in
comparison with amphibians, limb variability ranges of
these reptilian families demonstrate different patterns
(Fig. 5b) and overlap with each other and with those of the
rest of families to a much lower degree. Thus, in spite of
the fact that in Scincidae and Cordilidae we described an
approximate number of variants, as in Hynobiidae and
Plethodontidae, the former two groups contribute to the
common reptilian Sr much more combinations, than the
latter two groups to the amphibian one. Their contribution
comes to 45% of common Sr of extant Reptilia (sixteen
combinations). All these facts being considered, we can
conclude, that amphibian families demonstrate similar
tendencies of the limb variability, whereas in Reptilia one
can see the interfamily diversification of the tendencies.

In spite of all listed differences between limb variabil-
ity diapasons in Amphibia and Reptilia, there are several

characteristics common to them, which allow to distin-
guish the above classes from all other Tetrapoda. Only in
these groups the increasing number of acropodial rays was
described (Fig. 1): up to eight in Acanthostega (Coates
and Clarck, 1990) and up to eleven in Ichthyosauria (Che-
repanov and Ivanov, 2001). In warm-blooded animals,
even in secondary aquatic ones, the maximum digits num-
ber is five (Fig. 2). The presence of interspecies variability
of distal limb parts also is a distinctive feature of lower
Tetrapoda. In birds and mammalians, as a rule, a certain
variant of fore and hind limb structure corresponds to a
certain order (in birds even to a group of orders).
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THE SKIN SENSE ORGANS OF LIZARDS OF Teratoscincus GENUS
(SQUAMATA: SAURIA: GEKKONIDAE)

Natalia G. Nikitina1 and Natalia B. Ananjeva1
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INTRODUCTION

Structure, distribution and number of the skin sense
organs is the source of important data in taxonomy and
phylogeny. They are epidermal structures with a dermal
papilla entering from below. Numerous studies demon-
strate great diversity in types of sense organs in Iguania
and Gekkota (see reviews in Ananjeva et al., 1991; Matve-
yeva and Ananjeva, 1995). Presence of sense organs in the
skin is a typical feature of the squamate integument. Their
structure reflects the complex vertical differentiation of
the epidermis which is typical of Squamata. Among the
agamids, iguanids and geckonids there are two basic types
of receptors: first type has a hair-like process seta, or
bristle, which the second type lacks.

The list of species examined for the microanatomy of
skin organs was greatly increased during the last decades
but it is still not complete; it concerns a list of examined
geckos too (Bauer and Russell, 1988, 1989; Duisebayeva,
1995; Matveyeva and Ananjeva, 1995). Receptors with
bristle are known only in Gekkota and Iguania among liz-
ards and aquatic snakes of the family of Acrochordidae.
The bristled receptors of the geckos are different from
those of the agamids and iguanids in some respects and at
first by smaller number of modified germinate cells above
the dermal papilla, by thinner bristles and by absence of
lamellar body around the regenerated bristles of the gecko
receptors (Duisebayeva, 1995). It could be regarded as ad-
ditional evidence for possible independent origin of the
bristled receptors in these lizard groups.

Organs with “hairs” are typical of the geckos. How-
ever even based on published data alone, a number of dif-
ferences can be found in the detailed structure of the sense
organs of geckos. A single receptor can be supplied with
one or several bristles (up to 5). Different types of micro-
structure of bristles and receptors were noted in Phyllurus
(Hiller, 1971), Tarentola (Joger, 1984), and other genera.
Organs with “hairs” are typical of the geckos of the sub-
family Gekkoninae.

The plate-tailed geckos of the genus Teratoscincus
Strauch, 1863 includes 6 species with distribution range
covering deserts of Middle and Central Asia, including
southern Mongolia, northern and north-western China, as
well as Iran and Afghanistan, Pakistan, and east of United
Arab Emirates (Anderson, 1999; Ananjeva et al., 2004).
These lizards of medium size with a large wide and high
head and big eyes are characterized by delicate skin, espe-
cially in T. scincus (Anderson, 1999), which could be par-
tially lost during captures of these lizards. This genus was
regarded by some herpetologists as belonging to its own
subfamily, Teratoscincinae (Kluge, 1987; Grismer, 1988).
However the most recent study of phylogeny of gekkotan
lizards using C-mos nuclear DNA sequence data shows no
evidence for the support of the Teratoscincinae (Han et al.,
2005).

Scale organs were examined earlier only in T. scincus
(Matveyeva and Ananjeva, 1995). We here provide an ef-
fort to study skin organs of the most species of genus Tera-
toscincus whose skin sensory organs have not been studied
previously.

MATERIAL AND METHODS

The cutaneous receptors of five following species of
genus Teratoscincus were examined: T. scincus (32) and
T. keyserlingii (5)2, T. roborowskii (1), T. przewalskii (16),
and T. bedriagai (3). The number of specimens of each
species studied is given in brackets. Parts of skin were
taken from specimens in the herpetological collection of
the Zoological Institute, Russian Academy of Sciences, St.
Petersburg, Russia. Fragments with size 5 � 5 mm were
taken from dorsal and ventral parts of body and different
regions of the head (frontal region, regions of ear and
supralabial shield) and examined using a Stereoscan. Ma-
terial examined by SEM had been previously fixed in etha-
nol. Skin samples were dehydrated and coated with gold
before examination. The magnifications used were 40� to
6000� and the voltage was 30 kV.
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RESULTS

Dorsal scales of species studied have rounded-rhom-
boid shape, homogenous surface and slightly wavy edge.
T. przewalskii has plicated microstructure of scales in their
peripheral regions. Skin receptors of plate-tailed geckos
are situated along the edge of scale in its free distal part
(10 – 15 receptors per scale in T. scincus and T. przewal-
skii and up to 7 receptors per scale in T. roborowskii and
T. bedriagai). Very small skin organs look like roundish
depressions with ring-shaped protuberance on the bottom.
The bristle with bent top sets out from the center of this
protuberance (Fig. 1).

Ventral scales of T. roborowskii and T. bedriagai have
flat surface that look fleecy under 1000 times magnifica-
tion. Other species have plicated microstructure of these
scales (under the same magnification). Edges of scales are
flat or slightly wavy (if microstructure is plicate). Recep-
tors are small, distributed along the very edge of scale
closer to its free distal part. There are 5 – 6 skin organs per
scale (in T. roborowskii and T. bedriagai) and up to 15 in
other species. They look like irregular depressions with
protuberance on the bottom (Figs. 2, 3). The bent bristles
were noted only in T. bedriagai.

Scales of the upper surface of the head are elongated
(Fig. 4), of different size. Microstructure with large plica-
tions; the lateral surface of plications is fine-grained. We
did not record skin organs on the each scale. In the integu-
ment of all species studied these round structures (1 – 2
per scale) are situated along the distal edge of the scale.
Skin organ looks like round depression with protuberance
on the bottom. As a rule we were not able to find the bris-
tle. Sometimes the part of shield with receptor is separated
by transversal semicircular fold.

The scales of this region are elongated, irregular or
rectangular shape; microstructure with large folds. As a
rule two folds are especially notable: longitudinal lateral
fold (separating receptor-bearing part of scale) and trans-
verse distal fold; sometimes only single lateral fold is re-
corded. In the ear region the number of receptors (Fig. 5)
is increased up to 3 – 4 per scale; these round relatively
large depressions with protuberance on the bottom are re-
corded in each scale and often have a bristle.

Labial scales have the highest number of skin sense
organs. The whole scale surface with fine-grained plica-
tions is spotted by numerous small receptors with typical
structure. Each receptor looks like depression (Figs. 6, 7)
encircled with closed small folds. We have not recorded
bristled receptors on labial scales.
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Fig. 1. Receptor and microstructure of dorsal scale of T. bedriagai. Fig. 2. Receptors on ventral scale of T. scincus.



DISCUSSION

Scalation of the body of plate-tailed geckos is distin-
guished from their cephalic scales by large size, rhomboid
shape, flatter and more homogenous microstructure (ce-
phalic scales have clear plicate structure). Their arrange-
ment and position of the border between of large cycloid
dorsal scales and small scales in the neck or head are im-
portant as the main characters using under identification of
species of Teratoscincus genus (Szczerbak and Golubev,
1986; Macey et al., 1997; Anderson, 1999). Increasing of
the body scales to the back of the head in T. microlepis and
T. scincus was noted by Kluge (1967).

All plate-tailed geckos of the genus Teratoscincus are
able to lose the particles of skin (sometimes large areas)
that was described also for other geckos and named “re-
gional integumentary loss” (Bauer and Russell, 1989).
This ability is described by Anderson (1999) who consid-
ered “the easily torn skin in these and other gecko species”
as an adaptation facilitating escape from the grasp of pred-
ators.

Bristled receptors are typical in general of the lizards
of the Gekkoninae subfamily (Bauer and Russell, 1988).
The structure, distribution and number of the skin organs
of Teratoscincus scincus were described by Matveyeva
and Ananjeva (1995). They noted that integument of this
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Fig. 3. Receptor on ventral scale of T. roborowskii.

Fig. 5. Receptors on scales in the ear region of T. roborowskii.

Fig. 4. Head scales of T. bedriagai.



species is unique with very high receptor density and in
particular wits high receptor number of 15 – 20 in the ven-
tral scales. It is much larger in comparison with those of
many agamid, iguanid and geckonid species. The greatest
number (60 and more) of skin organs arranged in 2 – 3
rows on their free distal border was noted on the dorsal
caudal scales. Our data confirm these results. They dem-
onstrate high density of receptors which are located along
peripheral area of scale in its free distal border. We have
noted 10 – 15 receptors as maximum density in ventral
scales of T. scincus, T. keyserlingii, and T. przewalskii.
and more low (5 – 6) number in T. roborowskii and
T. bedriagai.

All studied species of Teratoscincus are characterized
by high density of receptors in labial scales.

This high number of receptors on ventral scales in the
genus Teratoscincus is unusual for lizards; in most of them
the highest density is recorded on cephalic (nasal, labial)
and caudal scales (Ananjeva et al., 1991; Matveyeva and
Ananjeva, 1995). In cephalic scales (except for labials) is
recorded the lesser number of receptors of bigger size than
in dorsal and ventral scales. Matveyeva and Ananjeva
(1995) assume that the highest number of receptors in the
large ventral scales of Teratoscincus could be in accor-
dance with the postulate of an inverse relationship be-
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Fig. 7. Receptor of labial scale of T. bedriagai.

Fig. 6. Receptors on labial scale of T. bedriagai.

Fig. 8. Receptors and microstructure of scales in the ear region of
T. keyserlingii.



tween receptor number and degree of contact with the
ground. The body of these lizards is held above the sub-
stratum, without any snake-like ground-contact during lo-
comotion.

The skin sense organs are localized on the free dorsal
border of the dorsal, ventral and caudal scale. Cephalic
scales can have skin organs on their periphery or receptors
scattered regularly on the shield surface.

The most of receptors bear bent bristle (Figs. 1, 8). It
is remarkable that we did not record a bristled receptors on
labial scales of all species we studied. This data could be
considered as an evidence of existence of two different
morphological types of skin sense organs in Teratoscin-
cus. However we suppose that non-bristled organs could
be just receptors with broken bristles in the labial scales.
This fact was already noted for agamid lizards and could
be explained by strong functional pressure to this skin re-
gions ((Dujsebayeva and Ananjeva, 2001). Two types of
receptors (with bristle and without it) were described in
Carphodactylini geckonid lizards the Nephrurus genus
(Bauer and Russell, 1988). The authors explained that the
absence of bristles on the subdigital and scales and scales
of the knob-tail is correlated with the lack of epidermal
microarchitecture in Nephrurus that is considered as per-
haps a paedomorphic feature). Bauer and Russell (1988)
also suppose that it could be associated with functional de-
mands that expose the sensilla to constant direct substrate
contact.

Two species, T. bedriagai and T. roborowskii, demon-
strate some differences in comparison with other species
studied, T. scincus, T. keyserlingii, and T. przewalskii. In
particular two former species have lesser number of skin
organs within body scales (5 – 7 contrary to 10 – 15 in
three latter species). They are also remarkable by fleecy
microstructure of ventral scales. There are no visible dif-
ference in density, topography and structure of cephalic
shields between all species studied.

Summarizing our data we like to note several peculiar-
ities of distribution, number and structure of skin sense or-
gans of Teratoscincus. They are very small and are visible
only under magnification not less than 200�. Duisebayeva
(1995) reported for Teratoscincus scincus: receptor width
13 ìm, receptor height 7 ìm, bristle width 1 ìm and its
length 10 ìm. It was shown two different types of recep-
tor’s arrangement: peripheral and scattered regularly on
the scale (in the latter case sense organs are more numer-
ous); sense organ itself looks like depression with ring or
semi-ring-shaped protuberance on the bottom). Most re-
ceptors are bristle-bearing; there were no records the bris-
tles in receptors of the labial scales.
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HEMATOLOGICAL INDEXES OF Rana ridibunda

IN CLEAN AND CONTAMINATED PONDS

T. Y. Peskova1 and T. I. Zhukova1

Keywords: Rana ridibunda, Hematological indexes, Pesticides.

INTRODUCTION

Experimental research has been performed of the in-
fluence of pesticides on blood of some species of anurans
(Gromysz-Kalkowska and Szubartowska, 1986; Szubar-
towska, 1990; Zhukova and Peskova, 1996). We had de-
termined in laboratory experiments that the blood reaction
of Rana ridibunda on pesticide pollution depends on dose
of toxicant and duration of its influence (Zhukova and Pes-
kova, 1999). In this paper there are some results of our
study of hematological indexes of Rana ridibunda living
in natural ponds with different degree of pesticide pol-
lution.

MATERIAL AND METHODS

The study was conducted in 1998 – 1999 in the Kuban
Region (Northern Caucasus). The object is Rana ridibun-
da (200 individuals) from the rice field contaminated by
pesticides and a clean pond in arboretum of Kuban State

University. Residual quantities of chlororganic and phos-
phororganic compounds in water and ground of these
ponds as well as in tissues of Rana ridibunda are estimated
using the method of gasliquid chromatography in the
Laboratory of Water Toxicology (KrasSRIFI).

RESULTS AND DISCUSSION

The differences in total chlororganic compounds
(COC) in water of rice field and pond of arboretum are
connected to quantity of DDT (it is 5 times higher in water
of rice field); remaining components (HCCH and metabo-
lites of DDT) are about identical in water of both ponds
(Table 1).

The sum of COC in ground of rice field is 10 times
higher, than in a pond from arboretum (difference are
marked for HCCH, DDT and DDD; only DDE is found in
not significant quantities in both ponds). The contamina-
tion of ponds promotes accumulation of chlororganic
compounds in tissues of Rana ridibunda. The maximum
concentrations of toxicants are found in a liver. It is equal
to the level of concentrations in ground of both ponds and
higher, than in water (6 times in arboretum and 28 times in
rice field).

The maximum levels of erythrocytes and hemoglobin
are shown for frogs in both ponds in summer; in spring and
in autumn these indexes significantly declined. The level
of leukocytes for frogs from the rice field in summer and
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TABLE 1. The Contents of Residual Chlororganic Compounds (COC)
in Water (mg�liter), Ground (mg�kg), and tissues of Rana ridibunda
(mg�kg)

Object of research ã-HCCH DDT DDD DDE ÓCOC

Rice field

Water N.S. 0.0030 N.S. 0.003 0.0033

Ground 0.0281 0.0343 0.0100 N.S. 0.0724

Rana ridibunda

muscles N.S. 0.0027 0.0034 N.S. 0.0061

liver 0.0296 0.0400 0.0229 N.S. 0.0925

Pond in arboretum

Water 0.0003 0.0006 0.0001 N.S. 0.0010

Ground 0.0030 0.0038 N.S. N.S. 0.0068

Rana ridibunda

muscles 0.0003 0.0025 N.S. N.S. 0.0028

liver 0.0012 0.0048 N.S. N.S. 0.0060

N.S., not significant.

TABLE 2. Hematological Indexes of Adult Males of Rana ridibunda
from Clean and Contaminated Ponds of Northern Caucasus, in Different
Seasons of Researches (X ± m)

Time of
research

Pond
Erythrocytes,

thousand
per mm3

Hemoglobin,
g %

Leukocytes,
thousand
per mm3

Spring clean 290 ± 10.9 8.1 ± 0.48 11.0 ± 2.1

contaminated 340 ± 12.0 8.9 ± 0.77 13.4 ± 1.9

Summer clean 520 ± 13.1 11.5 ± 0.71 12.1 ± 2.0

contaminated 650 ± 12.2 14.2 ± 0.82 22.5 ± 2.1

Autumn clean 260 ± 10.5 7.9 ± 0.52 14.7 ± 1.9

contaminated 295 ± 10.1 8.2 ± 0.47 19.8 ± 2.1



autumn is authentically higher, than this index in spring
(Table 2).

We have conducted further analysis of hematological
indexes of Rana ridibunda in summer taking into account
sex and age of animals (Table 3). We had noted sexual di-
morphism in number of erythrocytes in the contaminated
pond, and also in number of reticulocytes (both in contam-
inated pond, and in a clean pond); in all cases these in-
dexes are authentically higher for females.

The number of erythrocytes and hemoglobin in juve-
niles is authentically less than in adults. The quota of
reticulocytes in juveniles is more (2.8 – 3.6 times), than in
adults, thus the hemopoiesis was more intensive in juve-
niles.

All hematological indexes of Rana ridibunda (both
adults and juveniles) in summer are authentically higher
(by 21 – 29%) in contaminated pond. The number of reti-
culocytes significantly increases in contaminated pond
2.1 – 4.3 times. Similar changes were marked earlier
(Zhukova and Fic, 1996). However absolute values of
these indexes in our research are authentically higher, than
it is known from the literature. It is possible to suspect that
it is connected with the duration of habitation of amphibi-
ans under conditions of pesticide contamination.

The number of leukocytes of Rana ridibunda from the
rice field is authentically higher (1.9 times), than of am-
phibians from a pond, that testifies to an increase of pro-
tective function of a blood. The number of neutrophils is
more in the leukocytic formula of frogs’ blood in contami-
nated ponds.

There is a sexual dimorphism of index of heart in
Rana ridibunda: in spring (in spawning period) it is higher
in females. The index of heart is higher in frogs from

the rice field than from the pond: in adult animals are
7.9 ± 0.66 and 5.0 ± 0.71‰, in juveniles are 9.6 ± 0.72
and 6.0 ± 0.55‰. The increase of index of heart testifies to
higher level of metabolism of amphibians.

The picture of red blood of amphibians permanently
inhabiting ponds with pesticide pollution (DDT and its
metabolites) is like the one under the short duration of
small doses of pesticides (Zhukova and Peskova, 1999).
The increase of oxygen capacity of amphibian’s blood in
the presence of pesticides is long-term adaptation; it is
manifestation of effect of directional selection.
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TABLE 3. Hematological Indexes of Rana ridibunda from Clean and Contaminated Ponds of Northern Caucasus in Summer

Age Pond
Erythrocytes, thousand per mm3 Hemoglobin, g % Reticulocytes, %

males females males females males females

Adults clean 520 ± 13.1 550 ± 14.0 11.5 ± 0.71 12.8 ± 0.73 0.3 ± 0.05 0.7 ± 0.06*

contaminated 650 ± 12.2 695 ± 14.2* 14.2 ± 0.82 16.5 ± 0.91 1.3 ± 0.07 1.6 ± 0.06*

Juveniles clean 390 ± 11.2 7.5 ± 0.65 1.8 ± 0.08

contaminated 490 ± 12.0 9.7 ± 0.70 4.1 ± 0.10

* The differences are significant in comparison with the males (P = 0.05).



THE RELATIONSHIP BETWEEN BODY LENGTH AND FEMUR BONE
THICKNESS IN Lacerta agilis boemica AND L. strigata. IMPLICATIONS
FOR GROWTH INFERENCES FROM SKELETOCHRONOLOGICAL DATA

E. S. Roitberg1 and E. M. Smirina2

Keywords: body size, femur bone thickness, geographic variation, Lacerta agilis boemica, Lacerta strigata, lizards,
skeletochronology, sexual size differences.

INTRODUCTION

Mark-recapture and experimental studies — the main
tool to obtain data on growth and longevity of animals —
are very time-consuming. A promising alternative tool to
get such data for reptiles and amphibians is investigation
of growth layers in their bone tissue. This method provides
not only an accurate age determination, but also a quanti-
tative estimation of the pattern of bone growth (Smirina,
1974; Castanet et al., 1977; Castanet and Smirina, 1990;
Hemelaar, 1988; Castanet and Baez, 1991; etc.). Due to a
generally high correlation between the bone thickness and
body size, inferences about body growth are also possible

(Smirina, 1983; Marunouchi et al., 2000 and references
therein) provided that the relationship between the body
size and the size of growth mark (bone thickness) is
known in detail.

MATERIAL AND METHODS

Snout-vent length (SVL) and femur bone thickness (D,
measured as the mean of the minimal and maximal diame-
ter on transverse sections in the middle of the femur dia-
physis) were recorded for 320 adults and yearlings of La-
certa agilis (subspecies L. a. boemica) and a related spe-
cies L. strigata from five lowland and mountain localities
in the eastern North Caucasus (Table 1, Fig. 1). The rela-
tionship between SVL and D in homogenous (for species,
sex and locality) samples was examined with an allometric
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TABLE 1. Characteristics of the Regression Lines of the Femur Diameter on the Snout-Vent Length in Male and Female Samples of Lacerta agilis
boemica and L. strigata from Eight Populations in the Eastern North Caucasus*

Samples
n Slope, a** Y-intercept, ln b** r***

Species Locality Sex

agilis Kostek M 24 1.069 (0.976 – 1.162) –5.271 (–6.333) – (–4.210) 0.981

agilis Kostek F 30 1.000 (0.851 – 1.149) –4.539 (–6.222) – (–2.857) 0.933

agilis Sergokala M 19 1.158 (0.976 – 1.340) –6.246 (–8.301) – (–4.191) 0.956

agilis Sergokala F 18 1.154 (0.969 – 1.339) –6.285 (–8.370) – (–4.200) 0.957

agilis Khuchni M 28 1.022 (0.862 – 1.183) –4.711 (–6.527) – (–2.895) 0.932

agilis Khuchni F 25 0.995 (0.894 – 1.096) –4.438 (–5.578) – (–3.298) 0.973

agilis Termenlik M 22 0.938 (0.858 – 1.019) –3.774 (–4.683) – (–2.866) 0.983

agilis Termenlik F 29 0.903 (0.825 – 0.982) –3.439 (–4.315) – (–2.563) 0.977

agilis Kuli M 10 0.969 (0.557 – 1.381) –4.145 (–8.839) – ( 0.548) 0.887

agilis Kuli F 13 1.131 (1.035 – 1.226) –6.061 (–7.150) – (–4.972) 0.992

strigata Kostek M 26 1.023 (0.905 – 1.141) –4.744 (–6.081) – (–3.408) 0.965

strigata Kostek F 21 1.037 (0.903 – 1.171) –4.959 (–6.485) – (–3.434) 0.966

strigata Sergokala M 14 0.958 (0.819 – 1.097) –3.993 (–5.574) – (–2.411) 0.974

strigata Sergokala F 13 0.642 (0.370 – 0.913) –0.519 (–3.590) – ( 2.552) 0.843

strigata Khuchni M 26 1.111 (0.970 – 1.252) –5.713 (–7.309) – (–4.117) 0.957

strigata Khuchni F 24 1.003 (0.884 – 1.121) –4.558 (–5.899) – (–3.218) 0.966

* Natural log-transformed data, ln D = a ln SVL + ln b; ** Estimation and the 95% confidence interval in parenthesis; *** All correlations significant
at P < 0.001.



formula, D = aSVLb which is a general form of relative
growth of different parts of the body (Gould, 1966; Mina
and Klevezal, 1976; Smirina, 1983).

RESULTS

Linear regressions, ln D = a ln SVL + ln b as well as
product-moment correlation coefficients, r between ln D
and ln SVL were calculated for each sample (Table 1). The
correlation coefficients amounted 0.84 – 0.98, with 14 of
the 16 values exceeding 0.9. High correlation between the
SVL and D (0.80 – 0.98) remained even after truncating
the data to the SVL range of 76 – 100 mm which was well
represented in all study samples.

Slopes (exponent of the allometric equation) varied
about unity: in only three of the 16 study samples, 95%
confidence intervals were above or below unity (Table 1).
This suggests a linearity of the relationship between body
length and bone thickness in the two species, at least
within the SVL range of ca. 45 – 105 mm.

Heterogeneity of regression slopes in different study
samples was not significant (interaction ln SVL � Sex:
F1,317 = 0.13, P = 0.72; interaction ln SVL � Population:
F7,317 = 1.53, P = 0.15), so the usual ANCOVA was used
for further analysis. The effect of sex, species and locality
on the bone thickness when its correlation with SVL is sta-
tistically removed was assessed with a three-factor
ANCOVA (Table 2). To maintain orthogonality of data,
only sympatric populations were included in this analysis.
The effects of Sex, Locality and their interaction were
highly significant (P < 0.001), whereas all effects involv-
ing Species were non-significant or only marginally sig-
nificant (0.01 < P < 0.05) (Table 2).

To examine the effect of locality (population) on the
femur diameter relative to SVL in more details we con-
ducted a single-factor ANCOVA for each species-sex
combination separately. All five populations of L. agilis
were included in the analyses. In both species the effect of
locality was more pronounced in females (L. agilis:
F = 12.00, df = 4, P < 0.001, coefficient of intraclass cor-
relation rI = 0.335; L. strigata: F = 9.67, df = 2, P < 0.001,
rI = 0.325;) than in males (L. agilis: F = 3.36, df = 4,
P < 0.013, rI = 0.096; L. strigata: F = 2.52, df = 2,
P = 0.088, rI = 0.072).

To visualize the pattern of sexual, interlocality and
interspecific differences for femur diameter relative to
SVL, adjusted means of ln D from an ANCOVA which in-
volved all 16 samples are presented graphically (Fig. 1). In
both species, males had consistently higher values than
those of females, but the extent of sex differences did vary

among localities (Fig. 1). The latter circumstance was re-
flected in a highly significant Sex � Locality interaction of
the three-factor ANCOVA considered above. In both spe-
cies, the interlocality variation in the extent of sex differ-
ences is largely determined by the samples of Sergokala
exhibiting particularly strong sex differences (Fig. 1). In
both sexes of both the species, samples from Khuchni ex-
hibited the highest adjusted mean for ln D among the five
populations of L. agilis and the three populations of
L. strigata (Fig. 1). This has a (1�5)2 � (1�3)2 � 0.0045
chance of occurring at random which significantly differs
from 0.5 (binomial test, P < 0.001).
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TABLE 2. Analysis of Covariances of the Femur Diameter for Sympat-
ric Populations of Lacerta agilis boemica and L. strigata

Source df F P

ln SVL 1 2827.965 0.000

Species 1 4.701 0.031

Sex 1 242.841 0.000

Locality 2 21.221 0.000

Species � Sex 1 4.031 0.046

Species � Locality 2 2.354 0.097

Sex � Locality 2 9.053 0.000

Species � Sex � Locality 2 0.567 0.568

Notes. The main effects are sex, species, and locality; the covariate is
SVL. Morphometric data are log-transformed.
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Fig. 1. Adjusted means of ANCOVA with ln D as the dependent vari-
able, sample as the factor, and ln SVL as the covariate. Means (solid cir-
cles, males; open circles, females) ± 2 standard errors (vertical bars) are
indicated. Populations: 1 – 5, L. agilis; 11 – 13, L. strigata. Localities: 1,
11, Kostek (50 m above sea level); 2, 12, Sergokala (600 m); 3, 13,
Khuchni (600 m); 4, Termenlik (960 m); 5, Kuli (1900 m).



DISCUSSION

Strong and linear interdependence between the SVL
and femur diameter in the study species enables a quantita-
tive estimation of the pattern of body growth from bone
growth using simple back-calculation formulas (Marunou-
chi et al., 2000; Roitberg and Smirina, in preparation).
However, the pattern of this relationship was found to vary
not only between sexes but also among populations, espe-
cially in females. This provides some problems for use of
all regression-based formulas because we should calculate
the regression parameters separately for each combination
of sex and population whereas the corresponding samples
might be insufficiently representative.

Apart from its methodological consequences, the pro-
nounced interlocality variation for femur bone thickness
relative to SVL revealed in the study species is noteworthy
itself. A concordance of this variation in the two species,
along with the lack of between-species differences within
localities, agues for its exogenous (environmental) deter-
mination.

Comparable studies, in which the phalanx of a frog,
Rana temporaria (Ryser, 1996) and the humerus of a newt,
Notophthalmus viridescens (Caetano and Leclair, 1996)
were used, revealed no or moderate interlocality variation
for the relationship between the body length and bone
thickness.
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THE PATTERNS OF EVOLUTION OF EARLY TRIASSIC HERPETOFAUNA
IN EUROPE AND GONDWANA: COMPARISON AND IMPLICATIONS

M. A. Shishkin1

Keywords: amphibians, reptiles, Early Triassic, faunal evolution.

The Early Triassic (Scythian) history of terrestrial te-
trapods is primarily documented by faunal successions of
East Europe and South Africa. European succession in-
cludes the Benthosuchus-Wetlugasaurus (B-W) Fauna and
succeeding Parotosuchus Fauna. These correspond to the
regional Vetlugian and Yarenskian Superhorizons and
cover the whole range of the Scythian. In South Africa, the
coeval faunal units are known from the Karoo basin and
termed the Lystrosaurus Zone and Lower Cynognathus
Subzone. These two successions show striking difference
in their taxonomic composition, in the patterns of evolu-
tionary change within the earlier units, and, lastly, in the
ways of faunal replacement in the transition from the ear-
lier member of each succession to younger one.

Specifically, this implies the following. (1) Both of
East European faunas are dominated by temnospondyl
amphibians, while those of South Africa by therapsid rep-
tiles. (2) The European B-W fauna demonstrates 3 to 4
low-rank transformations through its range, while in its
presumed South African equivalent, the Lystrosaurus
Zone, the biotic changes are difficult to discern. (3) In con-
trast to the pattern demonstrated by South African succes-
sion, in East Europe the evolution from the B-W Fauna to
Parotosuchus Fauna was based mainly on phylogenetic
changes or on the replacements within closely related
groups.

The latter pattern may be evidenced in many ways. Of
temnospondyl genera dominating the European B-W
Fauna, the capitosaurid Wetlugasaurus is very close to the
ancestry of succeeding Parotosuchus, while the benthosu-
chid trematosauroids form a morphocline (from Benthosu-
chus to Angusaurus) toward the condition of true tremato-
saurids known from the Parotosuchus Fauna. The early
Vetlugian aberrant brachyopod Tupilakosaurus is replaced
by closely related Yarenskian brachyopod Batrachosucho-
ides (with some barren interval between them). Amongst
parareptiles, the Vetlugian procolophonids Tichvinskia and
Orenburgia persist into the early Yarenskian and give rise
to more advanced taxa. Similarly, of rauisuchid archo-

saurs, Tsylmosuchus ranges across the Vetlugian-Yarenski-
an boundary and is subsequently replaced by Vychegdosu-
chus. Similar ranging is also suggested for proterosuchid
and erythrosuchid archosaurs. All this shows that the Late
Scythian (Yarenskian) European herpetofauna was basi-
cally autochtonous in origin.

By contrast, the Gondwanan Lystrosaurus Zone as-
semblage is not directly ancestral to the Cynognathus
Zone community as they are markedly distinct in compo-
sition. The guide amphibian groups of these units (lydek-
kerinids and capitosaurids respectively) are only distantly
related. Likewise, the reptilian families of the Lystrosau-
rus Zone do not persist into the succeeding zone, except
for the Procolophonidae and possibly some cynodont
lineages.

Since late 1980s the attempts were made to account
for this discontinuity by suggesting a wide chronological
gap between the South African biozones, such that the
Lystrosaurus Zone was placed in the Early Induan and Cy-
nognathus Zone in the Late Olenekian (Anderson and
Cruikshank, 1978; Battail, 1988). As the candidates to fill
the gap between them there were suggested the fauna of
the Arcadia Formation of Australia and�or that of the Mid-
dle Sakamena Group of Madagascar. But in fact, none of
the Scythian assemblages known “can be shown to be of
intermediate position through possession of a transitional
taxonomic composition” between the South African bio-
zones (Cosgriff, 1984).

The alternative concept suggests that South African
succession is not chronologically disjunct, with the Lystro-
saurus Zone ranging from the Induan to Early Olenekian
(Ochev and Shishkin, 1984, 1989; Shishkin et al., 1995,
1996). This conclusion is primarily based on the fact that
in East Europe the appearance of typical, Procolophon-
like, procolophonids with differentiated teeth falls on the
Early Olenekian (late Vetlugian). On the other hand, in
South Africa Procolophon is most abundant in the upper
part of the Lystrosaurus Zone which is devoid of the index
genus Lystrosaurus (Neveling et al., 1999). Of further im-
portance is that the basal beds of the zone contain primi-
tive procolophonid Owenetta which is comparable by evo-
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lutionary level with the Induan Phaanthosaurus-related
procolophonids of East Europe. All this supports the attri-
bution of the upper part of the Lystrosaurus Zone to the
Early Olenekian. Additional evidence may be provided
by the occurrence in this zone of a rhytidosteid amphibian
(Pneumatostega). Althougth the earliest rhytidosteoid re-
cord is from the Late Permian, the epibole of the group
corresponds to the Early Olenekian as is documented by
its record from the Smithian beds of Spitzbergen, Siberia,
Australia, and Madagascar.

The upper member of South African Scythian succes-
sion, the Lower Cynognathus Subzone, is unquestionably
Late Olenekian in age (Shishkin et al., 1995), hence a time
gap between it and the Lystrosaurus Zone seems highly
unlikely. Combined with a sharp difference in their taxo-
nomic composition, this fact leads to conclusion that biotic
events underlying the rise of the Cynognathus assemblage
were mostly biogeographic rather than strictly phylogen-
etic (Shishkin et al., 1996). The amphibian component of
the assemblage was suggested to have been derived main-
ly from the Australo-Tasmanian, and partially the Eurame-
rican, ancestors.

Recently, based on new amphibian finds from the Lys-
trosaurus Zone, some authors (Damiani et al., 2000, 2001)
concluded that the zone actually extends to the Late Ole-
nekian, and that some genera are shared by both the Lys-
trosaurus and Cynognathus zones, thus pointing to their
closer phylogenetic links than it was presumed earlier.

These conclusions are ill-evidenced. Of the finds
thought to back them, the first one is the benthosuchid-de-
signed lower jaw, which was originally assigned to trema-
tosaurid Trematosuchus known from the Cynognathus as-
semblage (Neveling et al., 1999), but later re-identified as
“Trematosauridae gen. ind.” Its dating by Damiani et al.
(2000) is based on rather odd belief that all the trematosau-
rids are Late Olenekian in age. In reality, the bulk of them
belong to the Smithian (Arctoceras blomstrandi Zone of
Spitzbergen and Flemingies flemingianus Zone of Mada-
gascar). In addition, the pattern of postglenoid area (PGA)
of the mandible discussed is much more primitive than in
trematosaurids because it demonstrates neither the pres-
ence of dorsal concavity nor the clear-cut demarcation be-
tween the dorsal and lingual PGA sides. With respect to
the latter character and limited backward extent of the
prearticular, the observed condition is even more primitive
than in the late Vetlugian European trematosauroids
(Thoosuchinae). All this shows unequivocally that the
South African find is not younger in age than the Early
Olenekian.

Another alleged evidence of close faunal links be-
tween two South African biozones is said to be provided

by a fragment of the capitosaurid mandible from the Lys-
trosaurus Zone (Damiani et al., 2001). It was attributed to
so-called Watsonisuchus, a genus based on the holotype of
“Wetlugasaurus” magnus Watson from basal part of the
Cynognathus Zone. This attribution was also extended by
the cited authors to Australian “parotosuchians,” which
have been distinguished by Schoch and Milner (2000) as
Rewanobatrachus. Both the find discussed and Rewano-
batrachus are the Wetlugasaurus-grade capitosaurids
showing a primitive design of the PGA (type I by Maryañ-
ska and Shishkin, 1996). The latter displays (a) posteriorly
tapered dorsal surface; (b) parallel dorsal ridges (crista
surangularis and c. medialis) separated only by a groove;
(c) weakly developed or absent lingual ridges, with the
area above them belonging to lingual surface of the PGA;
and (d) shallow postglenoid wall.

However, the discussed South African find is clearly
distinct from “Watsonisuchus” magnus which is actually
an advanced, Parotosuchus-grade form. Although in its
holotype the PGA is incompletely preserved, it allows one
to see all principal characters of the Parotosuchus PGA
pattern (Maryañska and Shishkin, 1996; type III): broad
dorsal surface with c. medialis widely diverging from c.
surangularis; well developed lingual ridges with the area
just above them belonging to the dorsal PGA surface; and
high postglenoid wall. In all these respects, the “Watsoni-
suchus” type is indistinguishable from Kestrosaurus
Haughton, the commonest Parotosuchus-grade amphibian
of the Lower Cynognathus Subzone, and most likely is a
junior synonym of Kestrosaurus.

Hence, no amphibian genera is actually known to be
shared by the Lystrosaurus and Cynognathus zones of
South Africa. However, the very fact of the presence of the
capitosaurid in the Lystrosaurus Zone is notable and
should be assessed in the context of the Early Scythian
capitosaurid record in Gondwana overall.

In South Africa, the above-discussed capitosaurid find
supplements the lydekkerind-dominated amphibian as-
semblage which includes also the dissorophoid and rhine-
suchid relics along with a rhytidosteid and tupilakosaurid.
In the Lystrosaurus Zone of Antarctica the capitosaurids
are equally known only by a single scrap associated with a
lydekkerinid, tupilakosaurid (personal observation) and
non-diagnosable temnospondyl remains. Published data
on the presence there of brachyopids and rhytidosteids
cannot be confirmed (personal observation). In the Pan-
chet Beds of India, apparently of Induan age, the amphibi-
ans are also dominated by lydekkerinids but show some
increase in the role of capitosaurids. The latter include Pa-
chygonia and some of the specimens attributed to the ly-
dekkerinid Indobenthosuchus and also Indolyrocephalus.
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Other local amphibians comprise a lonchorhynchine, a
tupilakosaurid and primitive rhytidosteoid.

The only purely terrestrial assemblage from the Early
Scythian (Induan?) of Gondwana that shows the abun-
dance of primitive capitosaurids is that of the Arcadia For-
mation in Australia. Here these forms (Rewanobatrachus)
are associated primarily with rhytidosteoids, a brachyo-
pod, and early chigutisaurid. In Australo-Tasmanian re-
gion the presence of primitive capitosaurids is also evident
for the Early Smithian assemblages of the Knocklofty For-
mation and Blina Shale dominated by rhytidosteids and
brachyopids. Another record of Smithian capitosaurids in
Gondwana refers to the nearshore marine sediments of the
Middle Sakamena Group of Madagascar. Here the capito-
saurids are rather common and include Edingerella and
Deltacephalus (often erroneously attributed to lydekkeri-
nids). Like in nearshore Smithian deposits of Spitzbergen,
an important role in the assemblage belongs to tremato-
saurids and rhytidosteids.

In all, these data warrant the conclusion that during the
Early Scythian the center of the capitosaurid radiation in
southern Gondwana fell on the Australo-Tasmanian re-
gion. The rest of the territory, except (to some extent) for
India and some coastal biotopes, obviously belonged to re-
mote marginal zones of the capitosaurid dispersal. In this
light it seems not unlikely that poorly detectable occur-
rence of capitosaurids in the Lystrosaurus Zone of South
Africa was only a short-term episode.

To assess the run of further faunal events in southern
Gondwana, of utmost importance is the fact that only in
Australo-Tasmania the Early Scythian capitosaurids are
associated with brachyopids, with both groups being
rather common. The crucial point is that it is just the same
combination of temnospondyl families that constitutes the
main amphibian component of the Late Scythian Cyno-
gnathus Subzone assemblage of South Africa. In addition,
the commonest Australo-Tasmanian brachyopod, Blina-
saurus, is very close to Batrachosuchus from the Cyno-
gnathus Zone and sometimes even synonymized with the
latter (Warren and Marsicano, 1998). On the other hand, in
the antedating Lystrosaurus Zone these groups are either
lacking (as with brachyopids) or exceedingly scarce.
Hence, it seems sound to conclude that they came to South
Africa from outside as a result of an overall re-pattering of
the tetrapod distribution in Gondwana during Early to Late
Olenekian transition. This conclusion is strongly corrobo-
rated by a well-known fact of sharp discontinuity between
the reptilian components of the Lystrosaurus and Cyno-
gnathus Zones.
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THE URODELE METAMORPHOSIS:
REGULATORY MECHANISMS AND EVOLUTION

S. V. Smirnov1

Keywords: urodeles, metamorphosis, thyroid hormones, evolution.

The primary amphibian life cycle is represented by the
aquatic larva and terrestrial adult. To transform from a
larva to an adult, amphibians undergo metamorphosis dur-
ing which larval specializations disappear and adult ones
develop. Such pattern of ontogeny was typical for early
fossil amphibians and is displayed by many recent am-
phibians.

Most views of the amphibian metamorphosis are
based on studies on anurans. However, to reconstruct the
evolution of the amphibian metamorphosis, study of the
urodele metamorphosis seems to be much more promising
since it most closely resembles that in early tetrapods
(Shishkin, 1973; Boy and Sues, 2000; etc.).

In urodeles, larvae differ from adults in many features.
Thus, larvae have external gills, labial folds, and dorsal
and caudal fins, among others. In the skin, larvae have
Leydig cells as skin glands, whereas adults have multicel-
lular glands. In the blood, larvae have larval hemoglobin
which differs from adult one in its affinity to oxygen. Lar-
vae lack a nasolacrimal duct which is characteristic for
adult salamanders.

This difference between larval and adult morphologies
increases at the transition from primitive to advanced sala-
manders. Thus, typical urodele larvae have such larval
specializations as toothfields represented by several rows
of teeth situated on the vomer and palato-pterygoid
(Fig. 1a). In adult primitive salamanders, hynobiids, the
toothfield on the palato-pterygoid is absent (in parallel
with the absence of the underlying dentigerous palatine
portion of the palato-pterygoid), whereas the toothfield on
the vomer is replaced by one tooth row (Fig. 1b). In adult
advanced urodeles, salamandrids, this vomerine tooth row
is shifted on the caudal outgrowth of the vomer, vomerine
bar, extending along the lateral margins of the paraspheno-
id (Fig. 1c). In plethodontids, the most advanced urodeles,
the complete palato-pterygoid is absent, whereas a new
toothfield develops along the parasphenoid (Fig. 1d).

In this case, difference between the larval and adult
morphology increases due to the development of new

adult specializations. This difference also increases due to
the changes in the larval morphology. Evolution of the
urodele larva is accompanied by a progressive freeing a
larva from features associated with adult terrestrial stage
of life cycle. Whereas in primitive salamanders many
adult specializations develop as early as in larvae, their de-
velopment is shifted toward metamorphosis in evolution-
ary advanced salamanders. Thus, in hynobiids, an adult
hemoglobin, multicellular skin glands, nasolacrimal duct,
and nasal capsule, all develop as early as in larvae (Med-
vedeva, 1975; Lebedkina, 1979; Wakahara and Yamagu-
chi, 1996). In contrast, in advanced urodeles (salamand-
rids and plethodontids), they appear just before metamor-
phosis or during metamorphosis (Vorontsova et al., 1952;
Medvedeva, 1975; Lebedkina, 1979; Flavin et al., 1982;
Rose, 1995a, 1996; etc.).

Both evolutionary tendencies lead to the increasing
complication of metamorphosis since (1) the every system
undergoes more complicated transformation and (2) more
and more developmental events become concentrated
within a brief interval of ontogeny. Consequently, the most
complicated metamorphosis is displayed by the most ad-
vanced salamanders, plethodontids (Rose, 1996). Surpris-
ingly, it is in plethodontids that metamorphosis is the most
shortened.

Hormones of the thyroid gland (TH) are traditionally
considered as a global cue inducing the urodele metamor-
phosis. To reveal a role of TH in mediating the urodele de-
velopment, cranial ontogeny was examined in animals
treated with exogenous TH of different concentrations and
in animals with inhibited thyroid activity (Smirnov and
Vassilieva, 2002, 2003). It was revealed that cranial bones
appearing in the early larval stage are TH-independent,
those appearing in the midlarval stage display only a slight
TH-dependence, and bones appearing just before meta-
morphosis or at metamorphosis are triggered by TH. Also,
it was revealed that if in phylogeny an early-appearing
structure becomes shifted to the late larval stage or meta-
morphosis, it transforms from TH-noninducible to TH-in-
ducible. Thus, in Salamandrella keyserlingi (Hynobiidae),
the nasal, maxilla, and prefrontal, all appearing in the mid-
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larval stage, develop (though with a delay) even in the ab-
sence or deficiency of TH. In contrast, in Triturus vulgaris
(Salamandridae), these bones appearing just before meta-
morphosis, fail to develop in the absence of TH. That
is, their development is triggered by these hormones.
In Eurycea bislineata (Plethodontidae), these bones ap-
pearing in metamorphosis also are TH-inducible (Rose,
1995b).

Similar tendency may be traced in the development of
other systems. For example, in Hynobius retardatus (Hy-
nobiidae), replacement of the larval hemoglobin by an
adult one begins in the midlarval stage and is TH-inde-
pendent (Satoh and Wakahara, 1997). In contrast, in Pleu-
rodeles waltl (Salamandridae), it begins at the end of lar-
val stage, just before metamorphosis, and is TH-dependent
(Flavin et al., 1982).

Consequently, one may conclude that, firstly, urodeles
display an evolutionary tendency toward the concentration
of more and more ontogenetic events within a metamor-
phic period. Secondly, developmental events shifted to the
metamorphic period, tend to become TH-induced. If sum-
marized, it means that the urodele evolution is accompa-
nied by the progressive increase of the regulatory role of
TH as more and more features and systems become TH-
dependent. Role of TH is minimal in the ontogeny of prim-
itive salamanders (hynobiids) and maximal in advanced
ones (plethodontids).

In some cases, evolution of the thyroid involvement in
the urodele ontogeny and metamorphosis may be traced.
Thus, in hynobiids, development of such dermal cranial
bones as septomaxilla and lacrimal, is under the control of
two factors. The nasolacrimal duct acts inductively upon
these bones (Medvedeva, 1975), whereas TH promote
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their calcification thus playing a minor role in the regula-
tion of their development (Smirnov and Vassilieva, 2002).

Salamandrids lack a separate lacrimal but it is present
as a part of the prefrontal (Lebedkina, 1979). In them, TH
trigger the development of the latter (Smirnov and Vassi-
lieva, 2003), whereas a nasolacrimal duct plays a minor
regulatory role — it determines its shape (Medvedeva,
1975).

In plethodontids, the development of the septomaxilla
is induced by TH, whereas a nasolacrimal duct seems not
to participate in the regulation of its development (septo-
maxilla forms even in the absence of this duct) (Rose,
1995b).

This model illustrates the evolutionary switch from
non-hormonal control to hormonal one. Developmental
events which in primitive salamanders are triggered by in-
ductive tissue interactions become shifted under the hor-
monal control in advanced salamanders. It seems that it is
the increasing involvement of TH in the urodele ontogeny
that allows to shorten metamorphosis in advanced sala-
manders.

In the ontogeny which is regulated mainly via a sys-
tem of tissue inductive interactions, development unfolds
as a network of inductions. That is, each phase of develop-
ment is induced by the previous one and, in turn, triggers
the onset of the next phase of development. In this case, no
larval trait can be deleted even if not functional. However,
transition from inductive tissue interactions to hormonal
factors as regulatory mechanisms allows to eliminate
some intermediate larval traits and to shorten both the
whole developmental process and metamorphic transition.
Moreover, this switch to hormonal control allows to de-
couple metamorphic events (induced mainly by TH) from
larval developmental events (induced mainly by tissue in-
teractions). That is, it provides independence of larval and
adult developmental programs, which is considered as a
precondition for evolution of direct development (Al-
berch, 1987; Hanken et al., 1992). Under such circum-
stances, it is not surprising that among urodeles, the direct
development is characteristic only of plethodontids, phy-
logenetically advanced salamanders with advanced sys-
tem of TH-mediation.
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ON THE MORPHOFUNCTIONAL PECULIARITIES
OF THE JAW APPARATUS OF OPHIOPHAGOUS ELAPID SNAKES
AND ON THE SOME STAGES IN EVOLUTION OF ELAPIDAE

A. Yu. Sokolov1

Keywords: Reptilia, Serpentes, Elapidae, Calliophis, Bungarus, Maticora, jaw apparatus, functional morphology.

INTRODUCTION

Jaw elongation is an important specialization for swal-
lowing prey of large diameter in most alethinophidian
snakes (Macrostomata). Thus the inability of many spe-
cialized snake-eating species of elapids (species of the
genera Calliophis, Maticora, Bungarus, Micrurus, and
some others) to gape widely (despite a macrostomatan
skull) is surprising. The evolution of limited gape may re-
late to their selection of narrow and elongate prey, but the
reasons for the appearance deserve special consideration.

MATERIAL AND METHODS

Prey capture and swallowing were observed in Callio-
phis macclellandi (one specimen). Fresh heads of three
specimens of Bungarus multicinctus, two specimens of
Calliophis macclellandi and two specimens of Maticora
bivirgata were studied by layer-by-layer dissection of
muscles under low magnification using an MBC-2 binocu-
lar microscope. Cranial kinesis was studied. The interac-
tion with prey was modeled and functional analysis was
made. These data were compared with similar data ob-
tained from other elapids (Acanthophis praelongus, Naja
kaouthia, and N. pallida) feeding on larger diameter prey
and with species of other groups, besides Elapidae, that
feed on large diameter prey (Sokolov, 2001a, 2001b).

RESULTS AND DISCUSSION

Earlier (Sokolov, 2001a, 2001b) it was shown, that the
classical snake-like prey-transport mechanism of alter-
nately engaging the left and right side has a significant
fault when the prey is large in diameter. The cause is using
protractor muscles which are fastened on the braincase.
The efficiency of the mechanism decreases when prey di-

ameter increases. Apparently unilateral transport evolved
as a critical specialization of a limbless mud-dwelling
snake ancestor to feeding on earthworms or leeches. The
swallowing of hard immobile prey alive required advance
on the prey by fixed steps. This stage made the snake jaw
apparatus plastic (the prey is not crushed [broken] by jaws
before entry into the esophagus). After transition to feed-
ing on vertebrates colubroid snakes did not lose the plesio-
morphic prey-transport mechanism and only later after
transition to feeding on thick vertebrates classical mecha-
nism was supplied by other prey-engaging mechanisms,
faultless in swallowing prey of large diameter (other pro-
tracting muscles are used in the beginning of step on prey
surface). For example advanced Elapidae use the pterygoi-
deus muscle to protract the lower jaw when the teeth of the
upper jaw have been fixed on the surface of prey. Special-
ization for feeding on elongate vertebrates was the first
stage of vertebrate-feeding transition and as such, the
basal prey-transport mechanism was sufficient. Many spe-
cialized snake-eating elapids can use the basal mechanism
only (m. pterygoideus has “henophidian” organization and
attachment peculiarities). But unlike leeches and earth-
worms killing or immobilizing little elongate vertebrates
is not so hard. The ability to inflict a powerful bite on vital
centers of the body, especially on the head or not far from
it, is quite important. Some snake-eating snakes, including
elapids try to restrain prey using their jaws. During the bite
the kinetic upper part of the skull becomes rigid. This is
achieved by caudally directed forces applied to the palato-
maxillary arches (especially to the maxillae — see Fig. 1)
and quadrates and generated by contraction of the palatine
retractor muscle (Mrp), m. pterygoideus (Mpt), m. adduc-
tor mandibulae externus posterior (Maeps), m. neurocos-
tomandibularis (Mncm), and possibly m. cervicomandibu-
laris (Mcm). These muscles create a “bowstring-like” ef-
fect and fix the skull construction in the maximally re-
tracted position (see Cundall and Irish, 1989, for a similar
effect in Casarea). In this situation the adductor muscles,
especially the powerful m. adductor externus medius
(Maem), use the jaw apparatus in a crocodile-like man-
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ner — the jaw has a long lever arm. In low snake species
with flattened skulls vertically oriented muscle fibers are
relatively short and limit gape size. Thus in this construc-
tion Maem and Maeps apply vertically and caudally ori-
ented forces to the lower jaw. The compressor of the ve-
nom gland (Mcgl) is made of most unnecessary as adduc-
tor portion — m. adductor externus anterior. The pressing
of skull is (forces generated during jaw adduction are) ef-
fectively transmitted on to the fang which is situated under
or near the prefrontal bone which is fixed in a vertical po-

sition. The fang can be used in a mammal-like manner —
in perforating some bone structures, the braincase for ex-
ample. The inflowing of venom through the fang can lead
to rapid immobilization of the victim. The analysis of the
jaw apparatus of many other elapid species suggested that
adaptation occurred during the evolution of family Elapi-
dae. Analysis of the literature (e.g., Haas, 1930; Cundall
and Green, 2000) about functional morphology and feed-
ing peculiarities also infer that proteroglyphic sea-snakes
experienced modifications of the jaw apparatus similar to
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those of serpent-eating elapids but associated with eel-eat-
ing in hydropiids and laticaudids. It is surprising that in
this aspect proteroglyph snakes appear to have became
venomous before so famous “typical ophidian” specializa-
tion to “thick prey-swallowing” (in skull of Calliophis and
Maticora with “aniliid-like” proportions the quadrate is
short and vertically oriented, postorbital part of braincase
and jaws equally elongated, only Bungarus has more elon-
gated jaws and elongated slanted quadrate). The snake-
eating (or eel-eating in sea-snake case) can be interpreted
like preadaptation to appearance of “thick object swallow-
ing” mechanism typical for the advanced proteroglyph
snakes which uses pterygoideus muscle. In specialized
jaw apparatus of snake-eating elapids the contracted pow-
erful pterygoideus muscle can break quadrate branch of
pterygoid bone which is very slender. Thus the disconnec-
tion of pterygoid and quadrate with pterygoideum shorten-
ing (hyperstreptostylic movability) became very useful.
Than the immobilization of the skull front part used for
fang’s fixation (it often takes place) results in decreasing
of classical prey-engaging mechanism efficiency. Proba-
bly besides dolichophagy stage in evolution of the major-
ity of elapid snakes also took place specialization to feed-
ing on small vertebrate victims (several small victims as
alternative to one long) which does not require to recon-
struct so effective and formidable jaw apparatus. Its result
is the look of the majority elapid specimen as active hunt-
ers, slender snakes. It is also easy to assume, that the tran-
sition from earthworm-eating to vertebrate-eating special-
ization on some stage could cause not only the snake-eat-
ing elapid’s jaw apparatus, able “to switch on regime of ri-
gidity,” but also could cause simpler transformation — the
significant decreasing or loss of kinetism by some primi-
tive snakes (a lot of Anlioidea and extinct Dinillysidae)
which causes fossil skull preservation to be more pro-
bable. They refused from asymmetrical prey-engaging
movements of toothed bones to swallow the prey and use
outward support. Elongation of the jaws and postorbital

part of the braincase in akinetic or oligokinetic skulls can
be accounted for by usefulness of significant lever for
adductor muscles. It must be mentioned that the hypothe-
sis that very early snakes used powerful jaws for killing
elongate, heavy prey, has already been suggested by some
authors (Greene, 1983; Mushinsky, 1987). But my hypoth-
esis about worm-eating specialization of their limbless an-
cestor [see above and (Cundall and Green, 2000)] and la-
bility of snake jaw apparatus can explain why using pow-
erful jaws did not go beyond the process of prey-killing
and why snakes swallow their prey entirely unlike amphis-
baenians, which tear off and swallow peaces of large prey.

REFERENCES

Cundall D. and Irish F. J. (1989), “The function of the intra-
maxillary joint in the Round Island boa, Casarea dussumie-
ri,” J. Zool. (Lond.), 217, 189 – 207.

Cundall D. and Greene H. W. (2000), “Feeding in snakes,” in:
Schwenk K. (ed.), Feeding: Form, Function, and Evolution
in Tetrapod Vertebrates, Acad. Press, San Diego, pp. 293 –
333.

Greene H. W. (1983), “Dietary correlates of the origin and radi-
ation of snakes,” Am. Zool., 23, 431 – 441.

Haas G. (1930), “Über die Schadelmechanik und die Kiefer-
musculatur einiger Proteroglypha,” Zool. Jb. Anat. C, 52(2),
347 – 404.

Mushinsky H. R. (1987) “Foraging ecology,” in: Siegel R. A.,
Collins J. T., and Novak S. S. (eds.), Snakes: Ecology and
Evolutionary Biology, McGraw Hill, pp. 302 – 334.

Sokolov A. Yu. (2001a), “On the morphological peculiarities of
jaw apparatus of snakes Booidea, Colubroidea, and Acro-
chordoidea on the basis of the analysis of interaction with
super-large prey,” in: The Problems of Herpetology. Proc. of
1th Meeting of the Nikolsky Herpetol. Soc., Pushchino – Mos-
cow [in Russian].

Sokolov A. Yu. (2001b), Morphofunctional Peculiarities of the
Jaw Apparatus of Snakes Booidea, Colubroidea, and Acro-
chordoidea in Connection with Trophical Adaptations. Ph.D.
Thesis, Izd. MGU, Moscow [in Russian].

Herpetologia Petropolitana, Ananjeva N. and Tsinenko O. (eds.), pp. 307 – 309 309



OBSERVATIONS ON THE GAMASID MITES (PARASITIFORMES, GAMASINA,
MACRONYSSIDAE, LAELAPIDAE) PARASITIZING REPTILES (REPTILIA)
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INTRODUCTION

The cohort Mesostigmata (Acarina: Parasitiformes)
unites a large number of families of mites that occupy dif-
ferent ecological habitats and have various life cycles.
Among them there occur both freeliving ones and para-
sites of many groups of vertebrates (mammals, birds and
others) and invertebrates.

Mesostigmatic mites parasitizing on reptiles are repre-
sented by seven different but often not numerous families,
namely Heterozerconidae Berlese, 1892 with single spe-
cies on reptiles H. oudemansi Finnegan, 1931; Paramegi-
stidae Tragardh, 1946 with three species from genus Ophi-
omegistus Banks, 1914; Omentolaelapidae Fain, 1961
with single species Omentolaelaps mehelyae Fain, 1961.

The gamasid mites (Gamasina) are most numerous
among mesostigmatic mites. The following gamasids
from four families are parasitizing on (or in) reptiles:

Entonyssidae Ewing, 1923 (specific parasites residing
in the respiratory passages of snakes) — 10 species from
genus Entonyssus Ewing, 1923; Viperacarus europaeus
Fain, 1960; Hamertonia bedfordi (Radford, 1937); H. psa-
mophis Till; Cobranyssus schoutedeni (Radford, 1953);
Enthophiophaga colubricola Fain, 1960 and E. congolen-
sis Fain, 1960; Enthophionyssus glasmacheri (Vitzthum);
Pneumophionyssus aristoterisi Fonseca, 1940); Laelapi-
dae Berlese, 1892 (nest or permanent ectoparasites) — 1
species from snakes (Natrix natrix L.) — Haemolaelaps
natricis Feider et Solomon, 1960; Ixodorhynchidae
Ewing, 1923 (parasites of snakes) — 25 species of genus
Ixodorhinchus Ewing, 1923 with I. liponyssoides Ewing,
1923, I. johnstoni Fain, 1961, I. leptodeirae Fain, 1962,
I. cubanensis Fain, 1962; Ixobioides Fonseca, 1934 with
I. butantanensis Fonseca, 1934 and I. fonsecae Fain, 1961;
Hemilaelaps Ewing, 1923 with H. triangulus Ewing, 1923
= H. americanus Ewing, 1933 = H. distinctus Ewing,
1933, H. javanensis Fain, 1961, H. farrieri (Tibbets, 1954)

= Ophidolaelaps ponticus Feider et Solomon, 1959,
H. congolensis Fain, 1962, H. causicola Fain, 1961,
H. dipsodoboae Fain, 1962, H. radfordi (Feider et Solo-
mon, 1959), H. feideri Fain, 1962, H. piger (Berlese,
1918), H. imphalensis (Radford, 1947), H. novae-guineae
Fain, 1961, H. ophidius (Lavoipierre, 1958), H. schoute-
deni (Fain, 1961), H. upembae (Fain, 1961), H. caheni
Fain, 1961; Asiatolaelaps Fain, 1961 with A. tanneri (Tib-
bets, 1954) and A. evansi Fain, 1961; Strantibbetsia Fain,
1961 with S. gordoni (Tibbets, 1967) and S. brasiliensis
Fain, 1961); Macronyssidae Oudemans, 1936 (nest or per-
manent ectoparasites, including those of snakes and liz-
ards) — mites of genus Ophionyssus Megnin, 1884 (19
species): Ophionyssus Megnin, 1884 = Serpenticola
Ewing, 1923 = Sauronyssus Sambon, 1928 = Neoliponys-
sus Ewing, 1929 = Oudemansiella Fonseca, 1948 with
O. saurarum (Oudms.), O. natricis (Gervais, 1844) =
O. variabilis Zemskaya, 1951 = O. serpentium (Hirst,
1915) = O. easti (Ewing, 1925), O. eremiadis Naglov et
Naglova, 1960, O. arnhemlandensis (Womersley, 1956),
O. luzonensis Banks, 1914, O. scincorum Dowrow, Heath
et Kennedy, 1980, O. ehmani Domrow, 1985, O. buloloen-
sis (Gunther, 1942), O. clelandi Womersley, 1958, O. ja-
vanensis Micherdzinski et Lukoschus, 1987, O. mabuyae
Till, 1957, O. lacertinus (Berlese, 1892), O. lawrencei
(Till, 1957), O. myrmecophagus (Fonseca, 1954), O. tropi-
dosaurae (Till, 1957), O. saurarum (Oudemans, 1901),
O. galloticolus Fain et Bannert, 2000, O. setosus Fain et
Bannert, 2000, O. dolatelacensis Fain et Bannert, 2002,
O. galeotes Dowrow, Heath et Kennedy, 1980.

RESULTS AND DISCUSSION

The main aim of our present and future investigations
is to find out and systematize all information concerning
mesostigmatic mites from reptiles of world fauna in gen-
eral and from ex-USSR reptiles in particular.
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The analysis of the published data as well as that of the
collection of Zoological Institute shows that in the terri-
tory of the former USSR there are 4 species of gamasids
from two families (Laelapidae and Macronyssidae) that
parasitize on snakes and lizards. They are: Ophionyssus
saurarum (Oudemans, 1901) from Lacerta agilis L., L. vi-
ridis Laur., L. vivipara Jac., L. muralis Laur., L. strigata
Eich., L. saxicola Evers.; O. natricis (Gervais, 1844) (=
O. variabilis Zemskaya, 1951) from Coluber karelini
Brandt, Vipera lebetina (L.), Echis carinatus (Schneid.),
Elaphe dione (Pall.); O. eremiadis Naglov et Naglova,
1960 on Eremias arguta (Pall.), E. velox Pall., Phrynoce-
phalus guttatus Gm., P. mystaceus Pall. For the first time
were found out mites Hemilaelaps radfordi (Feider et So-
lomon, 1959) on the Natrix natrix L., 1758 in Ukraine.
Formerly these mites had been known on Coluber jugula-
ris caspius (Gmelin) and N. natrix from Romania.

The mites of O. natricis are common in zoos and vi-
varia where they parasitize on various snakes — Python
molurus (L.), Boa constrictor, Coluber ravegieri Men.,
Vipera lebetina (L.), Echis multisquamatus Cherlin and
others. Occasional findings of gamasids are known for
E. arguta (Pall.) and P. mystaceus Pall.: Haemolaelaps ca-
salis (Berl., 1887), Typhlodromus sp. etc. The cases when
specific parasites of reptiles reside on other vertebrates

(and vice versa) are quite rare. We have found 2 cases like
that in the collections of the Zoological Institute: different
stages of reptiles mites O. saurarum from several nests of
voles (Microtus arvalis) from Ukraine, and gamasids of
the same species (2 protonymphs and 2 males) on a lark
from Armenia.
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THE DENTAL SYSTEM OF URODELAN AMPHIBIANS AND THE ROLE
OF THYROID HORMONES IN ITS METAMORPHIC REMODELING

A. B. Vassilieva1

Keywords: Urodela, dentition, thyroid hormones, metamorphosis.

INTRODUCTION

Thyroid hormones (TH) are considered to play a major
role in the regulation of the metamorphic transformation
of the dental system in Urodela. Certain facts support this
consideration: for example, it is shown that in naturally
neotenic urodeles as in urodeles with artificially blocked
TH production the dentition retains the larval features
(Chibon, 1972; Gabrion, Chibon, 1973; Clemen, 1988;
Greven and Clemen, 1990). Also, the stimulation with
exogenous TH affects the development of some dentiger-
ous bones in plethodontid salamanders (Rose, 1995). The
present comparative study on the dentitional metamorpho-
sis in different urodeles is intended to clarify the degree of
TH-control in this system development and to review if
this control changes in the evolution of urodeles.

MATERIAL AND METHODS

We compared the sequence and timing of the dental
ontogeny under the different hormonal conditions in sev-
eral experimental groups of urodeles belonging to the
primitive family (Hynobiidae: Salamandrella keyserlin-
gii) and the advanced one (Salamandridae: Triturus vulga-
ris, Pleurodeles waltl). The hatching larvae were raised in
the pure water (control groups), in the solutions of the
triiodothyronine of different concentrations or in the solu-
tion of the thiourea – a goitrogen that inhibits the thyroid
function. The animals were sampled at regular intervals
and stained as whole-mounts with Alizarin for calcium de-
posits. A total of more than 200 specimens of each species
was examined.

RESULTS

In hynobiids and salamandrids, the normal develop-
ment of the dental system follows the similar pattern
(Vassilieva and Smirnov, 2001; Smirnov and Vassilieva,

2003). The first teeth to form are nonpedicellate and have
a monocuspid crown; as the larvae grow, the polystichous
toothfields are established on the vomers, palatine bones
and coronoids. In the midlarval stages, the nonpedicellate
teeth are replaced by the monocuspid subpedicellate ones,
i.e., teeth with a slightly developed weak zone separating
the crown from the pedicel. At this stage, the resorption of
such toothed bones as the vomers, palatines and corono-
ids, starts. Further changes are associated with metamor-
phic remodeling of the dentition. It includes four main
events: (1) the splitting of the palatopterygoids and the to-
tal resorption of the provisor bones (palatines and corono-
ids) with their toothfields; (2) the formation of the toothed
maxillaries; (3) the remodeling of the vomers and vome-
rine teeth arrangement; and (4) the replacement of the lar-
val monocuspid subpedicellate teeth by the definitive, pe-
dicellate and bicuspid, ones.

The treatment of the larvae with exogenous TH pro-
duces the overall acceleration of metamorphosis that is
manifested externally in the accelerated regression of both
gills and dorsal fin and the earlier leaving the water me-
dium. The animals reared in the most concentrated TH so-
lution (2 � 10–8 M) fail to complete the metamorphosis;
they stop to feed and die soon after the start of gills reduc-
tion and first attempts to escape from the water.

The development of the dentition is shown to be af-
fected by the exogenous TH too. Its early stages remain
similar in all experimental groups, but the late ones differ
greatly from those in the controls.

Thus, in all species the treatment with TH produces
the evident acceleration of the main metamorphic events
in the dentitional development, such as the onset of
provisor bones resorption, splitting of the palatopterygo-
ids, formation of the maxillaries, and (in some cases) the
transition from mono- to bicuspidity. The degree of this
acceleration depends on the hormone concentration (see
Tables 1 and 3) that suggests TH to play an important role
in the regulation of the dentitional metamorphosis.

Among urodeles studied here, S. keyserlingii is the
sole one to complete the dentitional metamorphosis
if treated with TH of the so high concentration as
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2 � 10–8 M. In this group, the provisor bones resorption,
the palate remodeling, and the teeth types transition all
progress more or less synchronously. Nevertheless, there
are some abnormalities to occur: though the definitive bi-
cuspid teeth begin to form, the earliest nonpedicellate ones
still remain since they have no time to resorb in the so
shortened terms. As a result, a mixture of all three teeth
types appears on the jaws, that is never seen in the normal
development. Furthermore, some stages of dentitional
ontogeny fail to be fully realized under these conditions:
thus, the polystichous toothfields on the palate bones and
coronoids are underdeveloped because the enhanced re-
sorption of these bones counterbalances the fusion of new
tooth rows; also, the adult vomers remain underdeveloped.

In T. vulgaris, the stimulation with high TH concentra-
tion influences greatly the skeletal elements of the dental
system (Table 2), but, surprisingly, the teeth properly do
not react to it. The timing of their replacement and their
morphology don’t differ from those in controls, so, by the
end of the accelerated metamorphosis, in this group a “chi-
merical” dentition is established: the metamorphosed pal-
ate bears the early-larval nonpedicellate teeth. Maxillaries
form very early, but they remain toothless by the larvae’s
death; also, the vomers fail to remodel fully (Smirnov and
Vassilieva, 2003).

In P. waltl, the effect of stimulation by this TH concen-
tration is even more prominent (Table 3). Larvae die very
early, so the maxillaries have no time to form and the
palatopterygoids don’t achieve the complete resorption.
As in T. vulgaris, the dentition remains fully larval and
doesn’t differ from that in controls of the same age.

The lower concentration of TH (2 � 10–9 M) produces
a less dramatic acceleration. The metamorphosis is
slightly accelerated if compared with the controls, but it
follows the quite normal pattern, resulting in the full meta-
morphic remodeling of the dentition. Usually these larvae
save the vital capacity after the exit to the land.

The similar result was observed in the larvae if im-
mersed in TH only in the late larval stage. In such groups,
the metamorphosis was accelerated proportionally to the
TH concentration, but the overall developmental pattern
remained quite normal.

Alternatively, the animals reared in the thiourea failed
to metamorphose and retained larval external morphology
and the aquatic mode of life over 20 months of the experi-
ment.

In these groups, the dentition develops as in controls
till the late-larval stage, but its further ontogeny differs
from the normal pattern.

In particular, in all studied species, the resorption of
the larval toothed bones is slightly delayed and less inten-
sive; the palatopterygoids never split even in the animals
older than 1, 5 years; the toothfields are retained for the
very long time; the vomers are only partially remodeled;
the maxillaries formation (in salamandrids only) is de-
layed or even absent; bicuspid teeth do not form. In other
words, in the urodeles reared in the TH-deficiency, the
dentition remains mainly larval.

However, some events that can be considered as “me-
tamorphic” occur in these groups. For example, in Sala-
mandridae, though the palatines are retained, their dental
laminae become inactive (interestingly, at the same time as
in controls). Thus, new tooth germs stop to arise and these
bones become completely edentate with time. In the old
larvae because of both the slower growth of new tooth
rows and the progressive resorption of the oldest ones, the
toothfields on the vomers and coronoids reduce to only
1 – 2 rows.

CONCLUSIONS

The great effect of the TH excess or deficiency on
some events in the dentitional ontogeny of urodeles sug-
gests the development of this system to be highly depend-
ent on them.

However, as the early stages of the dentitional devel-
opment always remain unchanged, the dental system
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TABLE 1. Timing of the Dentitional Metamorphosis in S. keyserlingii
Given as Number of Days After the Hatching

2 � 10–8 M 2 � 10–9 M Control group

Maxillaries formation 12 days 14 days 20 days

Resorption onset 13 days 18 days 20 days

Splitting of the palatopterygoid 15 days 29 days 49 days

Bicuspid buds formation 23 days 40 days 55 days

TABLE 2. Timing of the Dentitional Metamorphosis in T. vulgaris
Given as Number of Days After the Hatching

2 � 10–8 M Control group

Maxillaries formation 12 days 31 days

Resorption onset 9 days 15 days

Splitting of the palatopterygoid 12 days 42 days

Bicuspid buds formation — 42 days

TABLE 3. Timing of the Dentitional Metamorphosis in P. waltl Given
as Number of Days After the Hatching (preliminary results)

2 � 10–8 M 2 � 10–9 M Control group

Maxillaries formation — 16 days 39 days

Resorption onset 8 days 14 days 19 days



seems to acquire the responsiveness to TH only after a cer-
tain time. In addition, our results show that in some cases
(for example, in Salamandridae exposed to the very high
levels of TH and in thiourea-treated ones) the teeth devel-
opment exhibits some kind of independence upon the bone
condition. In contrast, when TH-stimulation is more mod-
erate or begins later, the dentigerous bones and teeth both
metamorphose normally and in the perfect synchrony. Pre-
sumably, these facts indicate the existence of some induc-
tive interactions between teeth and bones that become es-
tablished somewhere in the midlarval development. Ear-
lier, the occurrence of such interactions was proposed by
Clemen (1988).

Apparently, in more primitive salamanders (Hynobii-
dae), these interactive correlations are harder to disturb by
the exogenous chemical stimulation than in more ad-
vanced Salamandridae, in which the overall development
depends more prominently on the hormonal control rather
than on the morphogenetic correlations.

Finally, our results show that the skeletal elements of
the dental system are much more responsive to the TH
level that the teeth properly. That means that TH control
mainly the osteolythic and osteogenic processes rather
than the teeth types alternation.
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