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Trunk and sacral vertebrae of three species of the family Hynobiidae (Onychodactylus fischeri, Ranodon

sibiricus, and Salamandrella keyserlingii) and nine species of the family Salamandridae (Lissotriton montando-

ni, Lissotriton vulgaris, Mertensiella caucasica, Mesotriton alpestris, Ommatotriton ophryticus, Salamandra sa-

lamandra, Triturus cristatus, Triturus dobrogicus, and Triturus karelinii) were studied. Analysis of individual
variation of vertebrae of these species along the axial column and systematic descriptions of these species are
given. Our comparative analysis revealed that all species studied have peculiarities which allow diagnosing
them. Geographic variation in height of neurapophysis was found in Triturus karelinii. Specimens of the species
from the Crimea and the Balkans have low neurapophyses, and newts from eastern Georgia and Dagestan are
characterized by high ones.
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INTRODUCTION

The fauna of tailed amphibians of Russia and adja-
cent countries (the territory of Former Soviet Union)
consists of two urodelan families. The Hynobiidae
Cope, 1860 includes three species. Two species, Ony-

chodactylus fischeri (Boulenger, 1886) and Salaman-

drella keyserlingii3 Dybowski, 1870, distributed in Rus-
sia, and one species, Ranodon sibiricus Kessler, 1866,
inhabits Kazakhstan (Borkin, 1998). The Salamandridae
Goldfuss, 1820 consists of six genera occurring in Rus-
sia and adjacent countries. Newts of the former genus
Triturus were recently divided into four distinct genera
based on molecular evidence (Carranza and Amat, 2005;
Frost et al., 2006; Garsia-Paris et al., 2004; Litvinchuk et
al., 2005b): Lissotriton Bell, 1839, Mesotriton Bolkay,
1927, Ommatotriton Gray, 1850, and Triturus Rafines-
que, 1815. Among them, four species, Lissotriton vulga-

ris (Linnaeus, 1758), Ommatotriton ophryticus (Ber-

thold, 1846)4, Triturus cristatus (Laurenti, 1768), and
Triturus karelinii (Strauch, 1870), inhabit Russia, and
three species, Lissotriton montandoni (Boulenger,
1880), Mesotriton alpestris (Laurenti, 1768), and Tritu-

rus dobrogicus (Kiritzescu, 1903) are distributed in
Ukraine. The fire salamander Salamandra salamandra

(Linnaeus, 1758) is known from western Ukraine, and
the Caucasian salamander Mertensiella caucasica (Wa-
ga, 1876) occurs in south-western Georgia (Borkin,
1998).

For a long time, much attention has been focused
upon the vertebral morphology of tailed amphibians.
The first drawings of skeletons of newts and salaman-
ders were published by Meyer (1748). Some vertebrae
of urodelans were described in the first edition of fa-
mous “Ossemens Fossiles” (Cuvier, 1812). Mertens
(1820) made comparative analysis of axial skeleton ele-
ments of various groups of extant tailed amphibians.
This author, and later Mivart (1870), divided urodelan
vertebral column into following parts: the cervical (“col-
li”), the trunk (“dorsi and lumbales” or “dorsal”), the sa-
cral (“sacrales”), and the caudal (“coccyges”) ones. Up
to the present time, such division has been generally
accepted.

In tailed amphibians, the first vertebra (atlas) strong-
ly differs in morphology from other vertebrae (Duell-
man and Trueb, 1986). The number of trunk vertebrae
ranges from 11 in some salamandrids to 64 in amphiu-
mids (Litvinchuk and Borkin, 2003). The trunk part of
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the vertebral column could be divided into three seg-
ments distinguishing with regard to the position of the
limb bases: the anterior, the middle, and the posterior
ones (Litvinchuk and Borkin, 2003). The sacral part, as a
rule, consists of one vertebra only. However, in few
specimens, the sacrum consists of two neighboring ver-
tebrae (Gerecht, 1929; Antipenkova, 1994). The mor-
phology of the sacrum is similar to that of trunk verte-
brae, distinguishing them by more massive rib-bearers
only. The number of caudal vertebrae varies from 18 in
Salamandrella keyserlingii to 53 in Siren sp. and Mer-

tensiella caucasica (Antipenkova, 1994; Boulenger,
1896; Mivart, 1870). The caudal part of the axial skele-
ton could be divided into two segments: the caudosacral
and the “true” caudal ones. The caudosacral vertebrae
(usually 3, range 2 – 4) are associated with the pelvic
musculature and cloaca. Anterior one or two caudosac-

ral vertebrae are characterized by lack of haemal archs,
and, therefore, are similar to trunk vertebrae (Frolich,
1991; Hilton, 1948).

The vertebral morphology of hynobiids is poorly
studied. Okajima (1908) was the first who described the
axial column of Onychodactylus japonicus. Later, Dei-
negi (1917) studied vertebrae of Ranodon sibiricus.
Some authors (Antipenkova, 1994; Hilton, 1948; Teege,
1957; Zhang, 1985) published short descriptions of ver-
tebrae of Salamandrella keyserlingii and some other hy-
nobiids. Fossil records of hynobiid vertebrae were de-
scribed from Romania, Kazakhstan, and Russia (Averia-
nov and Tjutkova, 1995; Ratnikov, 2002; Venczel,
1999).

Trunk vertebrae of the Salamandridae are more
comprehensively studied. Various authors (e.g., Gonza-
lez et al., 1986; Haller-Probst and Schleich, 1994; Hil-
ton, 1948; Mivart, 1870; Teege, 1957; Wiedersheim,
1875) published comparative analyses of vertebrae mor-
phology of various salamandrids. Descriptions of fossil
salamandrids were published in numerous paleontologi-
cal studies as well (Auge and Rage, 1995; Böhme, 1983;
Delfino and Bailon, 2000; Estes, 1981, 1982; Estes et
al., 1967; Estes and Darevsky, 1977; Estes and Hoffstet-
ter, 1976; Hodrova, 1984, 1985; Holman, 1995; Kotsa-
kis, 1981; Rage and Bailon, 2005; Rage and Hossini,
2000; Ratnikov, 2002; Sanchiz and M³ynarski, 1979;
Sanchiz and Szyndlar, 1984).

Unfortunately, these descriptions were, as a rule,
very brief. Vertebrae are the most frequent remains. In
the absence of detailed comparative and biometrical
studies of vertebrae of extant taxa, identification of fos-
sils is not possible. Moreover, recently, systematics of
tailed amphibians was greatly changed. Therefore, the
aim of the present paper was to describe morphology of
trunk and sacral vertebrae of tailed amphibians which
inhabit countries of the Former Soviet Union.

MATERIAL AND METHODS

In total, sixty-four adult and two subadult specimens
of three species of Hynobiidae and nine species of
Salamandridae were studied (Table 1). The materials are
kept in the herpetological collections of the Voronezh
State University and Zoological Museum of Moscow
State University, as well as Department of Herpetology
of Zoological Institute of the Russian Academy of Sci-
ences (St. Petersburg). Measurements of vertebrae pa-
rameters were performed with use of binocular micro-
scope (accuracy 0.1 mm). Various authors mentioned
different names for the same elements of vertebrae. As a
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TABLE 1. List of Taxa, Sample Localities, and Numbers of Speci-
mens Studied (N)

Taxon Locality N

Hynobiidae

Onychodactylus fischeri Primorskiy Kray, Russia 1

Ranodon sibiricus Alma-Ata Province, Kazakhstan 1

Salamandrella keyserlingii Sverdlovskaya Oblast’, Russia 2

Russia 1

Salamandridae

Lissotriton montandoni Ukraine 5

Lissotriton vulgaris
vulgaris

Leningradskaya Oblast’, Russia 10

Udmurtia, Russia 1

Mesotriton alpestris
alpestris

The Carpathians, Ukraine 2

Serbia 1

Mertensiella caucasica Georgia 6

Ommatotriton ophryticus
ophryticus

Tbilisi, Georgia 2

Batumi, Georgia 1

Krasnodarskiy Kray, Russia 6

Sochi, Krasnodarskiy Kray,
Russia

2

Salamandra salamandra
salamandra

Ukraine 4

Triturus cristatus Chur, Udmurtia, Russia 1

Leningradskaya Oblast’, Russia 5*

Locality unknown 2

Triturus dobrogicus
dobrogicus

Izmail, Odessa Province, Ukraine 3

Vilkovo, Odessa Province,
Ukraine

1

Triturus karelinii arntzeni Treshnja, Serbia 1

Triturus karelinii karelinii Kutuzovka, Crimea, Ukraine 5

Crimea, Ukraine 1

Tbilisi, Georgia 1

Ersi, Dagestan, Russia 1

* The sample included two subadult specimens.



basic, we applied the terminology of Rage and Hossini
(2000) with minor additions from Szyndlar (1984). For
detailed morphometric measurements (Fig. 1), we used,
as a minimum, four vertebrae for each specimen studied:
the sacral, the first trunk, the second trunk, and the larg-
est trunk vertebrae. In some cases, we additionally mea-
sured the middle and�or last trunk vertebrae as well. The
variation along axial column was studied visually. The
statistical analysis was performed with use of the com-
puter program Statistica 6.0. The significance of differ-
ences between means was estimated by the Kolmogo-
rov–Smirnov test.

RESULTS AND DISCUSSION

Individual Variation Along Axial Column

In various groups of urodelans, the variation along
axial column was studied by Averianov and Tjutkova
(1995), Estes (1982), Haller-Probst and Schleich (1994)
and Worthington and Wake (1972). According to these

data, the vertebral length increases from the anterior to
the largest trunk vertebrae, and, then, decreases from the
largest trunk vertebra to the sacrum. Among representa-
tives of various urodelan groups, which were studied by
Worthington and Wake (1972), the variation of vertebral
parameters in the genus Notophtalmus Rafinesque, 1820
was most similar to those of the Salamandridae studied
by us. The vertebral length increases in the first five
trunk vertebrae, remains approximately the same in the
middle part of the trunk, and, then, decreases in the one
or two posterior trunk vertebrae and the sacrum. In con-
trast to the length of vertebrae, the height of the anterior
part of the neural arch decreases from the first trunk ver-
tebra to the largest one, and then was approximately
constant. The decrease of the posterior height of the neu-
ral arch is usually observed from the first trunk vertebra
to the sacrum. The height of the laminae changed insig-
nificantly. In the first trunk vertebrae, the relations be-
tween values of PR-PR and PO-PO were at random. In
the next vertebrae, PR-PR was less than PO-PO, if their
lengths increased across the axial column, and PR-PR

Vertebrae of Tailed Amphibians 179

Fig. 1. The trunk and sacral vertebrae parameters names (at the left) and the scheme of measurements (at the right). D, dorsal view; V, ventral
view; L, lateral view; c, cotylus; cd, condylus; cn, neck; ct, centrum; cza, anterior zygapophyseal crest; czp, posterior zygapophyseal crest; fos,
subcentral foramen; frz, prezygapophyseal articular facet; ftz, postzygapophyseal articular facet; l, lamina; lrb, lower rib-bearers; lva, anterior
ventral crest; lvp, posterior ventral crest; n, neurapophysis; urb, upper rib-bearers; CL, centrum length; NAWA, minimal width of neural arch be-
fore level of rib-bearers; NAWP, minimal width of neural arch behind level of rib-bearers; LH, laminae height; CTH, cotyle height; CTW, cotyle
width; AHV, anterior height of vertebra; PHV, posterior height of vertebra; PR-PR, distance between lateral margins of prezygapophyseal articu-
lar facets; PO-PO, distance between lateral margins of postzygapophyseal articular facets; PR-PO, distance between anterior margin of
prezygapophyseal articular facet and posterior margin of postzygapophyseal articular facet; ANG, angle between longitudinal axis of centrum and
rib bearer.



was higher than PO-PO, if the lengths decreased. NAWA
was usually less than NAWP, except for the first trunk
vertebra, where this ratio was inversed. The index
LH�PO-PO decreased from the first trunk vertebra to the
sacrum. The indices PO-PO�PR-PO, AHV�PR-PO, and
PHV�PR-PO decreased from the first trunk vertebra to
the largest one, and, then, increased from the largest
trunk vertebra to the sacrum.

DESCRIPTIONS OF VERTEBRAE

Family Hynobiidae
(Figs. 2 – 4)

Number of trunk vertebrae 14 – 21. Vertebrae am-
phicoelous: both anterior and posterior articular surfaces
of centrum concave. Articular surfaces of centrum cir-
cular (CTW�CTH = 1) or slightly oval. Subcentral fo-
ramina usually lacking. Laminae low (LH�PHV =
0.30 – 0.39) and sufficiently flat (LH�PO-PO =
0.21 – 0.39). Neurapophysis lacking or weakly devel-
oped. Posterior margin of neural arch without medial
notch (view from above). Lower and upper rib-bearers

are connected along their entire lengths. Zygapophyseal
and ventral crests lacking. Foramen near bases of lower
rib-bearers usually present.

Genus Onychodactylus Tschudi, 1838
Onychodactylus fischeri (Fig. 2)

Number of trunk vertebrae 19 – 21. CL up to
2.7 mm, PR-PO up to 3.6 mm. Anterior margin of neural
arch concave or straight (view from above), at level of
the posterior third or, rarely, middle part of prezygapo-
physeal articular facets. Posterior margin of neural arch
straight or salient (view from above), at level before the
posterior edges of postzygapophyseal articular facets.
Subcentral foramina and neurapophysis lacking.

Genus Ranodon Kessler, 1866
Ranodon sibiricus (Fig. 3)

Number of trunk vertebrae 14 – 17. CL up to
3.7 mm (3.8 mm after Averianov and Tjutkova, 1995),
PR-PO up to 4.8 mm. Anterior margin of neural arch
concave, straight or salient, at level of the posterior third
or fourth of prezygapophyseal articular facets. Posterior
margin of neural arch concave or salient, much before
level of the posterior edges of postzygapophyseal articu-
lar facets. Subcentral foramen lacking. Neurapophysis
low, but clearly distinguishable, sometimes, moderate.
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Fig. 2. Trunk vertebra of Onychodactylus fischeri. Here and in
Figs. 3 – 13: A, dorsal view; B, ventral view; C, left lateral view; D,
anterior view; E, posterior view.

Fig. 3. Trunk vertebra of Ranodon sibiricus.



Genus Salamandrella Dybowski, 1870
Salamandrella keyserlingii (Fig. 4)

Number of trunk vertebrae 16 – 195. CL up to
3.2 mm, PR-PO up to 4.0 mm. Anterior margin of neural
arch concave, at level of the middle part of prezygapo-
physeal articular facets. In anterior trunk vertebrae,
posterior margin of neural arch slightly salient, before
level of the posterior edges of postzygapophyseal articu-
lar facets. In posterior trunk vertebrae and sacrum, pos-
terior margin of neural arch deeply concave, after level
of the posterior edges of postzygapophyseal articular
facets. Subcentral foramen lacking. Neurapophysis low
or lacking.

Family Salamandridae
(Figs. 5 – 13)

Number of trunk vertebrae 11 – 18. Vertebrae opis-
thocoelous (anterior articular surface of centrum convex
and posterior one concave) or false opisthocoelous (a
convex calcified cartilage on anterior articular surface of
centrum). Subcentral foramina usually present. Articular
surfaces of centra horizontally-oval (CTW�CTH < 1),

sometimes round (CTW�CTH = 1). Laminae and neura-
pophysis heights vary significantly (LH = 0.5 – 1.9).
Posterior margin of neural arch with medial notch. The
zygapophyseal and ventral crests usually well devel-
oped, but sometimes lacking. Foramen near bases of
lower rib-bearers usually present or replaced by several
smaller foramina.

Genus Mertensiella Wolterstorff, 1925
Mertensiella caucasica (Fig. 5)

Number of trunk vertebrae 16. Vertebrae opistho-
coelous. CL up to 4.0 mm, PR-PO up to 4.4 mm. Ante-
rior surface of condylus uneven, neck of condylus well
developed. Subcentral foramen present only in vertebrae
with well developed posterior ventral crests. Neural arch
low and, in the posterior part, flat, with salient laminae.
Anterior margin of neural arch deeply concave, its bot-
tom at level of the middle part of prezygapophyseal ar-
ticular facets. Posterior margin of neural arch before
level of the posterior edges of postzygapophyseal articu-
lar facets. Neurapophysis high, with slightly concave
(sometimes, flat) and horizontal dorsal margin. Anterior
margin of neurapophysis abrupt, at level of the posterior
edges of prezygapophyseal articular facets. Posterior
margin of neurapophysis at level of medial notch.
Zygapophyseal crests weakly developed. Ventral crest
varies from lacking to very broad (with large subcentral
foramen).
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Fig. 4. Trunk vertebra (anterior) of Salamandrella keyserlingii.

5 Number of trunk vertebrae in Salamandrella schrenckii is equal to
14 – 16 (Litvinchuk and Borkin, 2003).

Fig. 5. Trunk vertebra of Mertensiella caucasica.



Genus Salamandra Laurenti, 1768

Salamandra salamandra (Fig. 6)

Number of trunk vertebrae 13 – 15. Vertebrae opis-
thocoelous. CL up to 5.3 mm (6.8 mm after Hodrova,
1984), PR-PO up to 6.0 mm (6.7 mm after Haller-Probst
and Schleich, 1994). Anterior surface of condylus flat
and anteroventrally inclined. As a rule, neck well devel-
oped, because condylus broader than rest of centrum.
Subcentral foramen vary from large to almost lacking.
Neural arch low, with salient laminae. Anterior margin
of neural arch deeply concave, at level of the middle part
of prezygapophyseal articular facets. Posterior margin
of neural arch before level of the posterior edges of
postzygapophyseal articular facets; sometimes, at the
same level or behind these facets. Neurapophysis low or
moderately high, originates behind level of the anterior
margin of neural arch, well developed in the middle part
of neural arch only. Dorsal margin of neurapophysis
concave. Zygapophyseal crests distinctly developed.
Ventral crests near bases of lower rib-bearers or along
their anterior margins weakly developed.

Genus Triturus

(Figs. 7 – 9)

Number of trunk vertebrae 11 – 18. Vertebrae opis-
thocoelous. Anterior surface of condylus flat, sometimes

inclined anteroventrally, neck weakly or well developed.
Subcentral foramen very large or replaced by several
smaller foramina. Foramen near bases of rib-bearers
usually present. Neural arch low. Laminae in the poste-
rior part of neural arch salient. Short medial notch pres-
ent on the posterior margin of neural arch. Anterior mar-
gin of neural arch concave or straight, its bottom at level
of the anterior third or half of prezygapophyseal articu-
lar facets. Posterior edge of neural arch at level of the
posterior edges of postzygapophyseal articular facets;
sometimes, behind or before these facets. The neurapo-
physis height varies highly.

Triturus cristatus
(Fig. 7)

Number of trunk vertebrae 14 – 16. CL up to
3.7 mm (4.6 mm for Teege, 1957), PR-PO up to 4.2 mm
(4.6 mm for Haller-Probst and Schleich, 1994). Neura-
pophysis usually low, well developed in the middle part
of neural arch only, sometimes moderately developed
(in this case, reach medial notch). Posterior ventral
crests distinctly developed. Anterior ventral and zygapo-
physeal crests lacking or weakly developed.

182 Vyacheslav Yu. Ratnikov and Spartak N. Litvinchuk

Fig. 6. Trunk vertebra of Salamandra salamandra.

Fig. 7. Trunk vertebra of Triturus cristatus.



Triturus dobrogicus (Fig. 8)

Number of trunk vertebrae 14 – 186. CL up to
3.9 mm, PR-PO up to 4.3 mm. Neurapophysis usually
low, well developed in the middle part of neural arch
only; sometimes moderately developed (in the last case,
reach medial notch). Posterior ventral crests always well
developed. Anterior ventral and zygapophyseal crests
lacking or weakly developed.

Triturus karelinii (Fig. 9)

Number of trunk vertebrae 11 – 15. CL up to 4.4 mm,
PR-PO up to 5.2 mm. Anterior margin of neurapophysis
at level of the posterior edges of prezygapophyses, pos-
terior margin can reach medial notch. Neurapophysis
low or high, with inclined anterior margin. Ventral and
zygapophyseal crests weakly developed.

Genus Mesotriton
Mesotriton alpestris (Fig. 10)

Number of trunk vertebrae 12 – 14. Vertebrae opis-
thocoelous. CL up to 3.1 mm (3.5 mm after Teege,
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6 Two subspecies of Triturus dobrogicus are characterized by differ-
ent modal number of trunk vertebrae (Litvinchuk and Borkin,
2000).

Fig. 8. Trunk vertebra of Triturus dobrogicus.
Fig. 9. Trunk vertebra of Triturus karelinii. C1, the Crimea and the
Balkans; C2, Georgia and Dagestan.

Fig. 10. Trunk vertebra of Mesotriton alpestris.



1957), PR-PO up to 3.6 mm (3.7 mm after Haller-Probst
and Schleich, 1994). Condylus with smoothly rounded
margins and flat anterior surface, strongly anteroventral-
ly inclined, neck well developed. Subcentral foramen
large or replaced by several smaller foramina. Neural
arch high. Laminae in the posterior part of neural arch
flat or concave. Anterior margin of neural arch straight,
at level of the middle part (sometimes, anterior third) of
prezygapophyseal articular facets. Posterior margin of
neural arch before level of the posterior edges of postzy-
gapophyseal articular facets; sometimes at level of the
posterior edges of these facets. Medial notch in the pos-
terior margin of neural arch broad and deep. Neurapo-
physis very high, with horizontal dorsal margin; reach
always medial notch. Anterior margin of neurapophysis
sloping, near anterior part of neural arch. Zygapophyseal
and ventral crests well developed, except of anterior one
or two trunk vertebrae, where crests weaker developed.

Genus Lissotriton
(Figs. 11 – 12)

Number of trunk vertebrae 11 – 14. Vertebrae opis-
thocoelous. Condylus with flat anterior surface, inclined
anteroventrally, neck well or weakly developed. Sub-
central foramen very large; sometimes, replaced by se-

veral smaller foramina. Neural arch high. Laminae in
posterior part of neural arch flat or concave. Posterior
margin of neural arch with well developed medial notch.
Neurapophysis very high, with horizontal dorsal margin;
reach always medial notch. Zygapophyseal and ventral
crests well developed, except in anterior one or two
trunk vertebrae, in which crests are weaker.

Lissotriton montandoni (Fig. 11)

Number of trunk vertebrae 11 – 13. CL up to
3.4 mm, PR-PO up to 3.8 mm. Anterior margin of neural
arch straight, at level of the anterior fourth of prezygapo-
physeal articular facets. Posterior margin of neural arch
before level of the posterior edges of postzygapophyseal
articular facets; sometimes, behind or at level of the pos-
terior edges of these facets. Anterior margin of neurapo-
physis sloping or vertical, near or in anterior part of neu-
ral arch. Zygapophyseal and ventral crests well de-
veloped.
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Fig. 11. Trunk vertebra of Lissotriton montandoni.

Fig. 12. Trunk vertebra of Lissotriton vulgaris.



Lissotriton vulgaris (Fig. 12)

Number of trunk vertebrae 11 – 147. CL up to
2.5 mm (2.6 mm after Haller-Probst and Schleich, 1994;
Teege, 1957), PR-PO up to 2.9 mm. Anterior margin of
neural arch straight, at level of the anterior fourth of
prezygapophyseal articular facets. Posterior margin of
neural arch before level of the posterior edges of postzy-
gapophyseal articular facets; sometimes, behind or at
level of the posterior edges of these facets. Anterior mar-
gin of neurapophysis sloping or rounded, near anterior
part of neural arch. Zygapophyseal and ventral crests
well developed.

Genus Ommatotriton
Ommatotriton ophryticus (Fig. 13)

Number of trunk vertebrae 11 – 148. Vertebrae opis-
thocoelous. CL up to 4.4 mm, PR-PO up to 5.0 mm. An-
terior surface of condylus flat. Condylus anteroventrally
inclined, neck well developed. Subcentral foramen very
large or replaced by several small foramina. Neural arch
high. Laminae in the posterior part of neural arch flat or
even concave. Medial notch in the posterior margin of
neural arch deep. Anterior margin of neural arch
straight, slightly salient or concave, at level of the ante-
rior forth or middle part of prezygapophyseal articular
facets. Neurapophysis very high, with horizontal dorsal
margin; reach always medial notch. Anterior margin of
neurapophysis vertical or abruptly sloping, near anterior
part of neural arch. Posterior margin of neural arch be-
fore, behind or at the same level with the posterior edges
of postzygapophyseal articular facets. Zygapophyseal
and ventral crests well developed, except in anterior one
or two trunk vertebrae, in which crests are weaker.

Geographic Variation in Triturus karelinii

We found pronounced geographic variation in Tritu-

rus karelinii. Specimens from the western part of the
species range, including both subspecies T. k. karelinii

(the Crimea) and T. k. arntzeni (the Balkans), have low
neurapophyses (Fig. 9, C1). In contrast, T. k. karelinii

from the eastern part of range (eastern Georgia and
Dagestan) are characterized by high ones (Fig. 9, C2).

Previously, genome size differences were found be-
tween samples from the Crimea and east part of the Cau-
casus as well (Litvinchuk et al., 2005a).

Traditionally, vertebrae of fossil newts of the genus
Triturus with low neurapophyses were attributed to the
species of T. cristatus complex (i.e., T. carnifex, T. cris-

tatus, T. dobrogicus, and T. karelinii), whereas vertebrae
with high ones were referred to T. marmoratus complex
(i.e., T. marmoratus and T. pygmaeus) (Auge and Rage,
1995; Estes, 1981; Estes and Darevsky, 1977; Estes and
Hoffstetter, 1976; Hodrova, 1984; Rage and Bailon,
2005). Our data are not consistent with the previous use
of this character.

Interspecies Differences

As mentioned above, the families Hynobiidae and
Salamandridae can be distinguished by the nature of the
intervertebral articulations (amphicoelous or opisthoco-
elous, respectively; Table 2).

Among the Hynobiidae, Ranodon sibiricus could be
distinguished by visible neurapophyses and largest val-
ues for most of metrical characters (Table 3). In this spe-
cies, the centrum lengths vary from 2.9 mm in the first
trunk vertebra to 3.8 mm in the last one (Averianov and

Vertebrae of Tailed Amphibians 185

7 According to Pellarini and Papini (2000), the modal number of
trunk vertebrae in Lissotriton v. vulgaris and L. v. meridionalis is
different (13 and 12, respectively). However, the modal number in
L. v. vulgaris (“Triton taeniatus”) from Latvia is 12 (range 11 – 13;
Gerecht, 1929). According to our data, L. v. lantzi (n = 3) and
L. v. graecus (n = 1) has 13 trunk vertebrae and L. v. schmidtlerorum

(n = 1) has 12 ones.
8 Two subspecies of Ommatotriton ophryticus are characterized by

different modal number of trunk vertebrae (Litvinchuk et al.,
2005b).

Fig. 13. Trunk vertebra of Ommatotriton ophryticus.



Tjutkova, 1995; our data). However, sometimes, the mi-
nimum length of anterior trunk vertebrae of this species
was similar to length of the largest posterior trunk verte-
brae of Salamandrella keyserlingii (Table 3). Vertebrae
of Onychodactylus fischeri and Salamandrella keyser-

lingii were distinguished by width of the posterior part
of the centrum only. This part of vertebrae in Salamand-

rella keyserlingii is usually narrower than in Onycho-

dactylus fischeri. This peculiarity is reflected on values
of three metrical characters (NAWP, CTH, and CTW)
and the index CTW�CL (Table 3).

In the Salamandridae, differences between salaman-
ders and newts are most obvious. According to our data,
vertebrae of salamanders differ from newts by form of
the condylus, form and position of the anterior and pos-
terior edges of the neural arch and the neurapophysis.
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TABLE 2. Variation of Some Characters of Trunk and Sacral Vertebrae for Twelve Species of Hynobiidae and Salamandridae

Taxon VE PMNA FOS AMNA ASCD NA N CZ LV

Onychodactylus fischeri 1 2 1 1, 2 1 1 1 1 1

Ranodon sibiricus 1 2 1 1, 2, 3 1 1 2 1 1

Salamandrella keyserlingii 1 2 1 1 1 1 1, 2 1 1

Lissotriton montandoni 2 1 3 2 1 2 3 3 3

Lissotriton vulgaris 2 1 3 2 1 2 3 3 3

Mesotriton alpestris 2 1 3 2 1 2 3 3 3

Mertensiella caucasica 2 1 1, 2 1 2 1 2 2 1, 2, 3

Ommatotriton ophryticus 2 1 3 2 1 2 3 3 3

Salamandra salamandra 2 1 1, 2, 3 1 1 1 2, 3 3 2

Triturus cristatus 2 1 3 1 1 1 2 1, 2 1, 2, 3

Triturus dobrogicus 2 1 3 1 1 1 2 1, 2 1, 2, 3

Triturus karelinii 2 1 3 1 1 1 2, 3 2 2

Note. VE, vertebrae: amphicoelous (1), opisthocoelous (2); PMNA, medial notch on posterior margin of neural arch: well developed (1), lacking (2);
FOS – subcentral foramen: lacking (1), small (2), large or replaced by several smaller foramina (3); AMNA, anterior margin of neural arch: concave
(1), straight (2), salient (3); ASCD, anterior surface of the condylus: flat (1), uneven (2); NA, neural arch: low (1), high (2); N, neurapophysis: lacking
(1), low (2), high (3); CZ, zygapophyseal crests: lacking (1), weakly developed (2), broad (3); LV, ventral crests: lacking (1), weakly developed (2),
broad (3).

TABLE 3. Variation of Morphometric Characters of Trunk and Sacral Vertebrae for Three Species of the family Hynobiidae

Character Onychodactylus fischeri [1�3] Ranodon sibiricus [1�4] Salamandrella keyserlingii [3�12]

CL 2.3 ± 0.3 (2.1 – 2.7) 3.5 ± 0.2 (3.3 – 3.7) 2.5 ± 0.3 (2.0 – 3.2)

NAWA 1.7 ± 0.0 (1.7 – 1.7) 2.1 ± 0.1 (2.0 – 2.2) 1.5 ± 0.2 (1.2 – 1.7)

NAWP 1.7 ± 0.2 (1.6 – 1.9) 2.0 ± 0.1 (1.9 – 2.0) 1.4 ± 0.1 (1.1 – 1.6)

LH 0.8 ± 0.0 (0.8 – 0.8) 1.2 ± 0.1 (1.1 – 1.2) 0.7 ± 0.1 (0.6 – 0.8)

CTH 1.2 ± 0.1 (1.1 – 1.2) 1.4 ± 0.1 (1.2 – 1.4) 1.0 ± 0.1 (0.8 – 1.1)

CTW 1.2 ± 0.1 (1.1 – 1.3) 1.5 ± 0.1 (1.4 – 1.6) 0.9 ± 0.1 (0.8 – 1.0)

AHV 2.1 ± 0.3 (1.8 – 2.4) 2.3 ± 0.1 (2.2 – 2.4) 1.7 ± 0.2 (1.5 – 2.1)

PHV 2.4 ± 0.1 (2.3 – 2.5) 3.1 ± 0.1 (3.1 – 3.2) 2.2 ± 0.1 (2.0 – 2.4)

PR-PR 2.4 ± 0.4 (2.1 – 2.9) 3.5 ± 0.1 (3.3 – 3.6) 2.1 ± 0.3 (1.7 – 2.6)

PO-PO 2.5 ± 0.4 (2.2 – 2.9) 3.4 ± 0.2 (3.2 – 3.6) 2.0 ± 0.2 (1.7 – 2.3)

PR-PO 3.1 ± 0.5 (2.6 – 3.6) 4.5 ± 0.3 (4.1 – 4.8) 3.1 ± 0.5 (2.3 – 4.0)

ANG 54 ± 3 (50 – 56) 70 ± 7 (62 – 80) 58 ± 7 (44 – 68)

LH�PHV 0.33 ± 0.02 (0.32 – 0.35) 0.37 ± 0.02 (0.35 – 0.39) 0.33 ± 0.02 (0.30 – 0.36)

LH�PO-PO 0.33 ± 0.05 (0.28 – 0.36) 0.34 ± 0.01 (0.33 – 0.34) 0.36 ± 0.04 (0.30 – 0.41)

PO-PO�PR-PO 0.81 ± 0.04 (0.77 – 0.85) 0.75 ± 0.02 (0.73 – 0.78) 0.66 ± 0.11 (0.51 – 0.84)

AHV�PR-PO 0.70 ± 0.21 (0.50 – 0.92) 0.51 ± 0.05 (0.48 – 0.59) 0.58 ± 0.15 (0.43 – 0.91)

PHV�PR-PO 0.81 ± 0.16 (0.64 – 0.96) 0.69 ± 0.05 (0.65 – 0.76) 0.72 ± 0.14 (0.57 – 0.96)

CTW�CL 0.52 ± 0.03 (0.48 – 0.55) 0.43 ± 0.01 (0.42 – 0.44) 0.38 ± 0.05 (0.31 – 0.45)

Note. All values are mean ± standard deviation, and range (in round brackets); in square brackets, the amount of specimens�vertebrae studied. The
first eleven characters are given in millimeters, and ANG is in degrees.
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Moreover, vertebrae of salamanders have relatively flat-
tened and lower neural arches (Estes et al., 1967; San-
chiz and M³ynarski, 1979). Mertensiella caucasica dif-
fers from other salamandrids by values of the indices
LH�PHV, LH�PO-PO, AHV�PR-PO, and PHV�PR-PO
(Tables 4 and 5). Salamandra salamandra is character-
ized by the largest vertebrae (Table 5) and differs from
other Salamandridae by the indices AHV�PR-PO and
CTW�CL (Table 5).

Two groups could be recognized among newts, with
large and small vertebrae. The first one includes re-
presentatives of the genera Ommatotriton and Triturus;
the second one consists of Lissotriton and Mesotriton

(Table 5). This division correlates with total length of
adults and phylogenetic relationships (Weisrock et al.,
2006). The groups differed from each other by values of
CTH, CTW, and PR-PO as well (Table 4). Among these
newts with large vertebrae, Ommatotriton ophryticus

differs most obviously by high neural arch and highest
values of the index LH�PO-PO (Tables 4 and 5). In con-
trast to other newts, members of the genus Triturus have
low neural arches with salient laminae. Among them,
Triturus karelinii has the largest vertebrae, the most de-
veloped neurapophysis, and the broader ventral and zy-
gapophyseal crests. Vertebrae of Triturus cristatus and
T. dobrogicus are very similar and differ from each other
by the indices LH�PHV and LH�PO-PO only (Table 4).
Among newts with small vertebrae, Mesotriton alpestris

differs from the species of the genus Lissotriton by

deeper position of the anterior edge of neural arch. Two
species of last genus are very similar. Lissotriton mon-

tandoni differs from L. vulgaris by the indexes PO-
PO�PR-PO and CTW�CL only (Tables 4 – 5).
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TABLE 5. Variation of Morphometric Characters of Trunk and Sacral Vertebrae for Nine Species of the Family Salamandridae

No. Species
Character

CL NAWA NAWP LH CTH CTW AHV PHV PR-PR

1 Mertensiella caucasica
[6�32]

3.5 ± 0.3
(2.8 – 4.0)

1.6 ± 0.2
(1.3 – 2.0)

1.7 ± 0.2
(1.4 – 2.1)

0.7 ± 0.1
(0.5 – 0.9)

0.8 ± 0.1
(0.8 – 0.9)

1.1 ± 0.1
(0.9 – 1.2)

1.5 ± 0.2
(1.3 – 1.9)

2.1 ± 0.1
(1.7 – 2.3)

2.5 ± 0.2
(2.1 – 2.9)

2 Salamandra salamandra
[4�20]

4.4 ± 0.6
(3.5 – 5.3)

2.7 ± 0.3
(2.3 – 3.4)

2.7 ± 0.3
(2.3 – 3.3)

1.3 ± 0.2
(0.8 – 1.5)

1.3 ± 0.2
(1.0 – 1.6)

1.9 ± 0.2
(1.7 – 2.3)

2.4 ± 0.4
(1.9 – 3.3)

3.2 ± 0.4
(2.5 – 3.8)

3.7 ± 0.4
(3.1 – 4.4)

3 Omatotriton ophryticus
[14�48]

3.5 ± 0.4
(2.9 – 4.4)

1.9 ± 0.3
(1.4 – 2.4)

2.2 ± 0.3
(1.6 – 2.8)

1.4 ± 0.3
(1.0 – 1.9)

1.0 ± 0.2
(0.7 – 1.4)

1.4 ± 0.2
(1.0 – 1.9)

1.9 ± 0.3
(1.4 – 2.5)

2.9 ± 0.5
(2.1 – 3.7)

2.8 ± 0.4
(2.0 – 3.5)

4 Triturus cristatus
[6�32]

3.2 ± 0.4
(2.4 – 3.7)

1.5 ± 0.2
(1.0 – 1.9)

1.8 ± 0.2
(1.3 – 2.2)

1.0 ± 0.1
(0.7 – 1.2)

0.9 ± 0.1
(0.8 – 1.1)

1.1 ± 0.1
(0.9 – 1.3)

1.7 ± 0.2
(1.4 – 2.2)

2.3 ± 0.2
(1.8 – 2.8)

2.5 ± 0.3
(2.0 – 3.0)

5 Triturus dobrogicus
[4�21]

3.2 ± 0.4
(2.5 – 3.9)

1.4 ± 0.2
(1.2 – 1.9)

1.7 ± 0.2
(1.3 – 2.2)

0.8 ± 0.1
(0.7 – 0.9)

0.9 ± 0.1
(0.8 – 1.0)

1.1 ± 0.1
(1.0 – 1.3)

1.6 ± 0.2
(1.4 – 2.0)

2.1 ± 0.2
(1.8 – 2.5)

2.2 ± 0.2
(1.8 – 2.5)

6 Triturus karelinii*
[7�40]

3.8 ± 0.3
(3.1 – 4.4)

2.2 ± 0.2
(1.9 – 2.6)

2.4 ± 0.2
(1.9 – 3.2)

1.3 ± 0.2
(1.1 – 1.8)

1.1 ± 0.1
(0.9 – 1.3)

1.4 ± 0.1
(1.2 – 1.7)

2.0 ± 0.2
(1.7 – 2.4)

2.8 ± 0.3
(2.1 – 3.7)

3.0 ± 0.2
(2.3 – 3.4)

7 Lissotriton montandoni
[5�20]

2.5 ± 0.4
(1.8 – 3.4)

1.5 ± 0.2
(1.2 – 1.8)

1.6 ± 0.2
(1.4 – 2.0)

0.8 ± 0.1
(0.6 – 1.0)

0.8 ± 0.1
(0.6 – 0.9)

0.9 ± 0.1
(0.7 – 1.1)

1.4 ± 0.2
(1.1 – 1.8)

2.0 ± 0.2
(1.7 – 2.3)

1.9 ± 0.3
(1.5 – 2.4)

8 Lissotriton vulgaris
[12�42]

2.1 ± 0.2
(1.7 – 2.5)

1.2 ± 0.1
(0.9 – 1.4)

1.3 ± 0.1
(1.0 – 1.6)

0.7 ± 0.1
(0.5 – 0.8)

0.6 ± 0.0
(0.6 – 0.8)

0.7 ± 0.0
(0.6 – 0.8)

1.2 ± 0.1
(0.9 – 1.5)

1.6 ± 0.2
(1.3 – 2.0)

1.5 ± 0.1
(1.3 – 1.8)

9 Mesotriton alpestris
[3�13]

2.7 ± 0.2
(2.4 – 3.1)

1.5 ± 0.1
(1.4 – 1.7)

1.5 ± 0.2
(1.3 – 1.8)

0.8 ± 0.1
(0.6 – 0.9)

0.7 ± 0.1
(0.6 – 0.8)

0.9 ± 0.1
(0.8 – 1.0)

1.5 ± 0.2
(1.3 – 1.8)

2.0 ± 0.2
(1.7 – 2.3)

2.0 ± 0.2
(1.7 – 2.4)
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TABLE 5 (continued)

No.
Character

PO-PO PR-PO ANG LH�PHV LH�PO-PO PO-PO�PR-PO AHV�PR-PO PHV�PR-PO CTW�CL

1 2.5 ± 0.2
(2.0 – 3.0)

3.8 ± 0.4
(3.0 – 4.4)

58 ± 7
(43 – 72)

0.32 ± 0.04
(0.26 – 0.41)

0.27 ± 0.05
(0.19 – 0.36)

0.66 ± 0.06
(0.56 – 0.81)

0.42 ± 0.09
(0.32 – 0.60)

0.56 ± 0.09
(0.46 – 0.74)

0.31 ± 0.02
(0.26 – 0.36)

2 3.6 ± 0.4
(3.1 – 4.2)

5.3 ± 0.5
(4.4 – 6.0)

69 ± 8
(56 – 82)

0.40 ± 0.03
(0.32 – 0.44)

0.35 ± 0.06
(0.25 – 0.47)

0.70 ± 0.06
(0.57 – 0.86)

0.67 ± 0.12
(0.54 – 0.91)

0.61 ± 0.11
(0.45 – 0.86)

0.45 ± 0.07
(0.33 – 0.57)

3 2.7 ± 0.4
(2.0 – 3.4)

3.8 ± 0.5
(3.2 – 5.0)

53 ± 12
(30 – 80)

0.50 ± 0.05
(0.43 – 0.68)

0.53 ± 0.08
(0.38 – 0.68)

0.71 ± 0.06
(0.59 – 0.83)

0.50 ± 0.10
(0.35 – 0.71)

0.75 ± 0.14
(0.53 – 1.06)

0.39 ± 0.04
(0.31 – 0.50)

4 2.4 ± 0.3
(1.9 – 3.0)

3.6 ± 0.4
(2.9 – 4.2)

50 ± 8
(27 – 65)

0.43 ± 0.05
(0.33 – 0.50)

0.42 ± 0.04
(0.33 – 0.50)

0.67 ± 0.05
(0.59 – 0.81)

0.49 ± 0.08
(0.36 – 0.66)

0.65 ± 0.08
(0.56 – 0.86)

0.36 ± 0.03
(0.30 – 0.43)

5 2.2 ± 0.1
(2.0 – 2.5)

3.4 ± 0.4
(2.4 – 4.3)

43 ± 7
(31 – 53)

0.37 ± 0.03
(0.29 – 0.42)

0.35 ± 0.03
(0.30 – 0.43)

0.65 ± 0.05
(0.59 – 0.83)

0.49 ± 0.10
(0.35 – 0.79)

0.62 ± 0.11
(0.49 – 0.92)

0.37 ± 0.04
(0.29 – 0.44)

6 2.9 ± 0.2
(2.4 – 3.4)

4.3 ± 0.4
(3.5 – 5.2)

54 ± 8
(32 – 65)

0.48 ± 0.04
(0.30 – 0.36)

0.46 ± 0.06
(0.38 – 0.59)

0.68 ± 0.05
(0.60 – 0.81)

0.48 ± 0.08
(0.38 – 0.66)

0.66 ± 0.12
(0.46 – 1.00)

0.37 ± 0.03
(0.31 – 0.43)

7 2.0 ± 0.2
(1.5 – 2.5)

2.7 ± 0.4
(2.0 – 3.8)

56 ± 9
(32 – 72)

0.41 ± 0.03
(0.35 – 0.47)

0.42 ± 0.06
(0.32 – 0.53)

0.72 ± 0.05
(0.64 – 0.83)

0.54 ± 0.12
(0.37 – 0.75)

0.74 ± 0.14
(0.56 – 1.05)

0.37 ± 0.04
(0.29 – 0.45)

8 1.5 ± 0.1
(1.2 – 1.7)

2.4 ± 0.2
(1.8 – 2.9)

56 ± 10
(33 – 76)

0.41 ± 0.04
(0.35 – 0.52)

0.44 ± 0.07
(0.29 – 0.62)

0.66 ± 0.04
(0.56 – 0.75)

0.52 ± 0.10
(0.38 – 0.74)

0.70 ± 0.12
(0.52 – 0.97)

0.32 ± 0.03
(0.28 – 0.39)

9 2.0 ± 0.2
(1.7 – 2.3)

3.0 ± 0.3
(2.7 – 3.6)

56 ± 10
(34 – 72)

0.41 ± 0.03
(0.35 – 0.47)

0.41 ± 0.06
(0.30 – 0.50)

0.65 ± 0.03
(0.61 – 0.72)

0.50 ± 0.07
(0.41 – 0.63)

0.65 ± 0.10
(0.55 – 0.78)

0.35 ± 0.02
(0.31 – 0.38)
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