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Abstract. Humeri of 14 tailed amphibian species are described: Onychodactylus fischeri
(BOULENGER, 1886), Salamandrella keyserlingii DYBOWSKI, 1870, Salamandrella tri-
dactyla (NIKOLSKIL, 1905), Ichthyosaura alpestris (LAURENTI, 1768), Lissotriton lantzi
(WOLTERSTORFF, 1914), Lissotriton montandoni (BOULENGER, 1880), Lissotriton vul-
garis (LINNAEUS, 1758), Ommatotriton ophryticus (BERTHOLD, 1846), Pleurodeles
waltl MICHAHELLES, 1830, Triturus cristatus (LAURENTI, 1768), Triturus dobrogicus
(KIRITZESCU, 1903), Triturus karelini (STRAUCH, 1870), Mertensiella caucasica
(WAGA, 1876), Salamandra salamandra (LINNAEUS, 1758). Morphological characteris-
tics and indices (ratios) almost always permit the distinction of tailed amphibian genera.
Specific identification is more difficult because interspecific differences are insignificant.
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I. INTRODUCTION

Fossil remains of recent species of tailed amphibians are known mainly by vertebrae.
This likely results from their relatively high number in a skeleton. In addition to vertebrae,
large bones of limbs are sometimes also preserved, because they are more massive than
other bones of the skeleton (RATNIKOV 2010).

Humeri are distinctive owing to the complexity of their morphology, which should pro-
mote identification of fossil material to low taxonomic levels. However, the rare descrip-
tions of paleontologic findings do not give sufficient criteria for identification.

HODROVA (1984) studied material from the Upper Pliocene of Ivanovce (West Slova-
kia) and attributed the found humeri to Salamandra salamandra (LINNAEUS, 1758), Tritu-
rus cristatus (LAURENTI, 1768) and Triturus cf. alpestris (LAURENTI, 1768).
Identifications were based on overall similarity of the morphology and sizes of fossil bones
with modern comparative specimens. The detailed description and comparison with other
species were not given.
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AVERIANOV (1995) described remains of Ranodon cf. sibiricus KESSLER 1866, includ-
ing two fragments of humeri, from the Upper Pliocene of Kiikbai, Southern Kazakhstan.
He pointed out the difference of the fossil bones from modern representatives of Salaman-
dridae, and also noticed the small morphological difference between the fossil samples and
Ranodon sibiricus.

RATNIKOV (1997, 2002, 2010) attributed fragments of the humeri from the Lower Neo-
pleistocene (=Lower Middle Pleistocene) of Kuznetsovka (Russia) to Salamandrella sp.
because they differ from modern representatives of Salamandridae, are similar to Sala-
mandrella keyserlingii DYBOWSKI, 1870 and attribution to other genera of Hynobiidae ap-
peared to be less probable.

In my opinion, such tentative paleontologic identifications are connected with an ab-
sence of sufficient osteological collections available to paleontologists and with an ab-
sence of special comparative studies on the bones of modern tailed amphibians. This
article is devoted to the research of morphological differences between humeri of the spe-
cies available in my comparative collection with the aim of expanding our knowledge of
tailed amphibian humeri.

II. MATERIAL AND METHODS

The systematics of FROST (2013) are used in this work. In total, 10 specimens of three
species of Hynobiidae and 100 specimens of eleven species of Salamandridae were studied
(Table I). All humeri were cleaned from muscles and sinews by scalpel. Specimens were
studied under binocular microscope. The materials are kept in the comparative osteologi-
cal collections of the Geological Faculty of the Voronezh State University.

As a basis for descriptions I applied the terminology of FRANCIS (1934). I have also
added some new terms: a proximal notch of dorsal crest, posterior and anterior ridges on
distal edge of ventral crest, and proximal and distal parts of the humerus (Fig. 1). For more
accurate correlation of various parts of the bone I measured some elements and calculated
some indices (the ratios of elements) (Tables II and III). Measurements of the humeri para-
meters were performed with the use of binocular microscope micrometer (accuracy 0.1 mm).
The scheme of measurements is given in Fig. 2. Ratios of various bone element sizes (indi-
ces) were calculated in program Excel. Images of bones were obtained by a Digital Camera
for Microscope (DCM300) and then processed in Photoshop.

III. GENERAL REMARKS

During the study it was found that not all the marked elements, measurements and indi-
ces have diagnostic value. Detection of the border between bone and cartilage on the hu-
meri proximal ends is difficult, leading to subjectivity of L, D and V characterization (see
Fig. 2A). Parameters L-D and L-V is considered more objective. However, the values of
their measurements (L-D) - (L-V) have not showed stable tendencies in any taxa.
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Table I
List of taxa, localities, and number of specimens studied (V)
Taxon Locality N
Hynobiidae

Onychodactylus fischeri (BOULENGER, 1886) Primorskiy Kray, Russia 1
Sverdlovskaya Oblast’, Russia 2

Salamandrella keyserlingii DYBOWSKI, 1870 Magadanskaya Oblast’, Russia 4
Russia 2

Salamandrella tridactyla (NIKOLSKII, 1905) South of Primorskiy Kray, Russia 1

Salamandridae

The Carpathians, Ukraine 2

Ichthyosaura alpestris (LAURENTI, 1768) Serbia 1
L’vovskaya Oblast’, Ukraine 6

Thilisi, Georgia 1

Lissotriton lantzi (WOLTERSTORFF, 1914) Abkhazia 2
The Caucasus 1

The Carpathians, Ukraine 3

Lissotriton montandoni (BOULENGER, 1880) L’vovskaya Oblast’, Ukraine 13
Locality unknown 2

Leningradskaya Oblast’, Russia 13

Lissotriton vulgaris (LINNAEUS, 1758) Udmurtia, Russia 1
Grodno Province, Byelorussia 2

Krasnodarskiy Kray, Russia 6

) Thilisi, Georgia 3

Ommatotriton ophryticus (BERTHOLD, 1846) ; ;

Batumi, Georgia 1

Sochi, Krasnodarskiy Kray, Russia 2

Pleurodeles waltl MICHAHELLES, 1830 Locality unknown 1
Leningradskaya Oblast’, Russia 10

Triturus cristatus (LAURENTI, 1768) Udmurtia, Russia 2
Locality unknown 2

Triturus dobrogicus (KIRITZESCU, 1903) Iz.mail, Odessa Provin.ce, Ukrain.e 3
Vilkovo, Odessa Province, Ukraine 2

Crimea, Ukraine 6

Triturus karelini (STRAUCH, 1870) Tbi,liSi’ Georgia : !
Ersi, Dagestan, Russia 1

Treshnja, Serbia 1

Mertensiella caucasica (WAGA, 1876) Georgia 6
Salamandra salamandra (LINNAEUS, 1758) The Carpathians, Ukraine 6
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Fig. 1. Structure of the humerus (sensu FRANCIS 1934 with additions): A —right humerus, dorsal view, B —right
humerus, posterior view; C —right humerus, ventral view; a.r. — anterior ridge of crista ventralis, a.s. — anterior
side of the humerus, co.r. — condylus radialis, co.u. — condylus ulnaris, cr.d. —crista dorsalis, cr.v. — crista ven-
tralis, d.p. — distal part of the humerus, fs.ol. — fossa olecranon, fs.cu. —fossa cubitalis, p.p. — proximal part of
the humerus, p.r. — posterior ridge of crista ventralis, p.s. —posterior side of the humerus, pr.n. —proximal notch
of crista dorsalis.

Comparative sizes between the distal (Wd) and the proximal (Wp = Hed+Hv) bone
widenings are not stable in most of the Salamandridae. All specimens of the species Mer-
tensiella caucasica have the distal width larger than that of the proximal one. On the con-
trary, Hynobiidae have larger distal width because of undeveloped crista dorsalis.
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Table 11

Variation of measurements of humeri (mm) in 14 species of tailed amphibians (N — quan-
tity of bones measured).

Species |[N| L | D | V |[L-D|L-V/Hed Hv | d | Tv | Th | Wd | Wp
Omchodachlus 105 231 13 | = lsoe| — | 15 | — | o055 | 055 | 2 | 15
fischeri
Salamandrelld | | | o 5 310.0.1 80.8-173.1-5.73.055.8 0.1-02 | 11-19| — | 0.4-0.7 0.4-0.65/1.3-2.4512-2.2
keyserlingii
Salamandrell | (¢ ¢ 61171 0/17-184.9-52] 5.1 (0150218519 — | 06 | 05 | 22 2021
tridactyla
Ichthyosaura

: 17 |5.6-7.4| 0.8-1.4(0.7-1.34.3-6.2/4.6-6.1(0.4-0.65| 1.2-1.6 | 0.0-0.2| 0.4-0.6 |0.4-0.55[1.6-1.95]1.65-2.0
alpestris
Li trit
l;iizol.” O 18 15.0-5.6(0.7-1.45(0.5-1.0{4.3-4.7/4.1-4.8| 0.2-0.5 | 0.9-1.2/0.0-0.150.35-0.4| 0.3-0.4 | 13-1.5|1.3-1.6
Lissoir

ISSOIPIION | 35| 5 1 7.010.7-1.250.7-1.6/4.4-5.6/4.4-5.6| 0.2-0.6|1.1-1.63 0.0-0.2| 0.4-0.5 [0.35-0.5 1.6-2.1|1.5-2.2
montandoni
Lissor

ISSOUPITON | |3 8.5.710.4-0.9/0.3-0.913.2-5.083.25-5.00.25-0.5] 0.8-1.1|0.05-0.3 0.25-04|0.25-0.4|1.1-1.45(1.1-1.5
vulgaris
Ommatotriton|

\ 24 [7.5-11.71.1-2.5/1.0-2.3(5.8-9.3/6.5-9.4| 0.5-1.0 | 1.7-2.410.0-0.630.55-0.7| 0.5-0.8 | 2.3-3.3 |2.2-3.4
ophryticus
Pl del
w;l’;lm €S 2 16870 14 [14-165456 54 | 05 | 1.7 (01502 045 0.45-0.518-185 2.2
T

riuriis 28 |4.1-8.7/0.5-1.910.5-2.0[3.5-7.2(3.5-7.1/ 0.3-0.710.75-1.8 0.0-0.3|0.25-0.7| 0.2-0.6 | 1.1-2.5 |1.1-2.4
cristatus
.

rituris 10 | 4.7-7.8[1.05-1.3(0.9-1.3(3.6-6.8/3.7-6.8| 0.3-0.6 [0.85-1.30.0-0.25 0.32-0.6| 0.3-0.6 |1.2-1.75[1.2-1.85
dobrogicus
.

riturits 18 8.4-10.01.0-1.8|1.0-1.8/6.9-8.6/6.7-8.3| 0.6-0.8 | 1.7-2.3 | 0.1-0.3| 0.6-0.8 | 0.5-0.7 [2.2-2.85|2.4-3.0
karelini
Mertensiella

: 9 7.0-8.7/0.9-1.6/0.8-1.5(5.7-7.4/5.8-7.6| 0.3-0.5 | 1.4-1.7| 0.0-0.1|0.5-0.55/0.45-0.551.75-2.1|1.7-2.0
caucasica
Salamandra
11 [10.2-14/1.1-2.5(1.8-2.50.1-11.57.9-12.2 1.0-1.6 | 3.0-3.5 0.0-0.55 0.8-1.1 | 0.7-1.1 | 3.6-4.4 |4.2-4.9
salamandra

Sometimes the form of the dorsal crest changes in various individuals of one species (Fig. 3).
Conspicuous differences can occur even between the right and left humerus of one individ-
ual. The form of dorsal crest offers more than one variant of its width measurement (w)
fairly often. Therefore this parameter has been excluded from examination.
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Table 111

Variations of indexes of humeral bones in 14 species of tailed amphibians (N — number of
bones measured).

. L-D)/
Species N | L/'Wp | L/'Wd |L-D/Wp|L-D/Wd| Wd/Th ( /Th) Tv/Hed
Onychodaciylus| | 4 ¢ 487 | 36.3.65 - - 3.64 - -
fischeri
Salamandrella

L 16 | 3.11-4.0 2.8-3.5 |2.13-3.02 | 2.16-2.63 | 2.8-455 | 7.75-11.8 | 2.5-7.0
keyserlingii
Salamandrella | | 354 3451300314 | 23326 | 223236 | 44 9.8-10.4 | 3.0-4.0
tridactyla
Ichthyosaura

. 17 | 3.11-3.7 | 3.24-4.11 | 2.39-3.1 | 2.58-3.44 | 3.27-4.88 | 9.2-12.4 0.8-1.5
alpestris

Lissotriton

lani=i 8 |3.19-392 | 3.33-431 | 2.69-3.36 | 2.87-3.54 | 3.5-4.29 |9.25-12.57| 0.8-1.75

Lissotriton

. 35 | 2.83-4.0 | 3.19-4.0 | 2.43-3.07 | 2.57-3.24 | 3.2-5.0 9.8-13.5 | 0.73-2.25
montandoni

Lissotriton 26 | 3.13-4.25 | 3.15-4.42 | 2.69-3.92 | 2.69-3.92 | 3.13-5.2 [10.67-16.33 0.6-1.2

vulgaris

Ommatotriton |\ | 31 496 | 3.15.3.9 | 247-3.57 | 252315 | 3555 |1038-15.5 0.7-127
ophryticus

Pleurodeles

o 2 | 3.09-3.18 | 3.68-3.89 | 2.45-2.55 | 2.92-3.11 | 3.7-4.0 |10.8-12.44| 0.9
Triturus 28 | 3.2-4.48 | 3.28-422 | 2.65-3.79 | 2.6-3.44 | 3.6-55 | 102-18 | 0.63-1.67
cristatus

Triturus 10 | 3.24-4.8 | 3.92-473 | 2.65-4.0 | 3.0-4.12 | 2.55-4.0 8.18-14.25| 0.83-1.33
dobrogicus

Triturus 18 | 3.21-3.8 | 3.26-4.0 | 2.69-3.14 | 2.8-3.44 | 3.43-5.0 | 9.86-15.4 | 0.75-1.4
karelini

Mertensiella
caucasica

9 | 3.68-458 | 3.6-435 | 3.0-3.94 | 2.85-3.71 | 3.5-4.67 |10.55-16.22) 1.1-1.83

Salamandra

11 | 2.43-3.19 | 2.8-3.5 | 2.13-2.48 | 2.32-2.88 | 3.6-5.5 | 9.1-12.75 | 0.56-0.9
salamandra

The change of the minimum bone thickness in the perpendicular planes (Tv-Th) also
has not showed stable tendencies in any taxa. However, it should be noted that these
parameters are not attached to any specific place on the bone, and appear in various
positions in different specimens. The index Wd/Th in all species studied fluctuates around
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Fig. 2. Measurements of the humerus: A — posterior view, B — ventral view; D — distance from the proximal
end of osseous humerus to proximal end of crista dorsalis, d — depth of proximal notch of crista dorsalis, Hed —
height of crista dorsalis, Hv — distance from dorsal side of the humerus to the lowest point of crista ventralis,
L —length of osseous humerus, V — distance from the proximal end of osseous humerus to the lowest point of
crista ventralis, Th — minimal thickness of the bone in horizontal plane, Tv — minimal thickness of the bone in
vertical plane, w — width of crista dorsalis, Wd — width of distal end of osseous humerus.

the interval 3.5-4, deviating in one or the other side, and shows considerable overlapping
values.

Expansion toward the distal bone end can be quite abrupt. In such case the border
between the distal and proximal parts is visible, and it is possible to estimate their relative
length. At the studied samples the length of the distal part was equal to, lesser, or much
shorter than the proximal one. But in many forms the expansion begins very smoothly near
the crista ventralis and consequently it is not clear where the distal part of the bone begins.
Therefore this parameter could be estimated within a smaller part of the samples.
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Fig. 3. Variations of crista dorsalis form in Salamandridae: a-e — Ichthyosaura alpestris; f-n— Lissotriton mon-
tandoni.
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IV. DESCRIPTION OF THE HUMERI

Hynobiidae COPE, 1859
Fig. 4

Crista dorsalis is not developed or poorly developed. Posterior and anterior ridges on
crista ventralis are not developed. Distal width is greater than proximal one.

Onychodactylus TSCHUDI, 1838

Onychodactylus fischeri (BOULENGER, 1886)
Fig. 4 a-c
Length about 7.3 mm. Longitudinal axis of the bone straight. The bone dorsal edge is
weakly bent ventrally at the distal end and dorsally at the proximal one (weakly S-shaped).
Crista dorsalis is undeveloped. The length of distal part does not exceed the proximal one.
Fossa olecranon is appreciable; fossa cubitalis is very short and appreciable directly before
condylus radialis.

Salamandrella DYBOWSKI, 1870
Fig. 4 d-i
Longitudinal axis of the bone is convex. The bone dorsal edge is usually considerably
convex. Crista dorsalis looks as a small prominence extended along posterior edge of the

bone; its height is much less than the minimum thickness of the bone (index Tv/Hed ex-
ceeds 2.5). Proximal notch of crista dorsalis is absent.

Salamandrella keyserlingii DYBOWSKI, 1870
Fig. 4 d-f

Length up to 7.3 mm. Distal part of the bone is visibly smaller than the proximal one.
Fossa olecranon is almost undeveloped, fossa cubitalis is appreciable.

Salamandrella tridactyla (NIKOLSKIL, 1905)
Fig. 4 g-i
Length about 6.9 mm. Lengths of distal and proximal bone parts are approximately

equal. Fossa olecranon is appreciable and almost symmetric, fossa cubitalis is almost un-
developed.

Salamandridae GOLDFUSS, 1820
Figs 5-8
Longitudinal axis of the bone is straight. Crista dorsalis is high, usually spike-like
(AVERIANOV, 1995) and displaced caudally from the bone axis; its height is greater to
somewhat lesser than the minimum thickness of the bone: index Tv/Hcd does not exceed 2
(Tabl. 3). Proximal notch of crista dorsalis is, as a rule, present, but sometimes lacking.
Fossa cubitalis has a subtriangular form.
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Fig. 4. Right humeri of Hynobiidae: a-c — Onychodactylus fischeri; d-f — Salamandrella keyserlingii; g-i —
Salamandrella tridactyla; a, d, g— dorsal view; b, ¢, h — posterior view; ¢, f, i — ventral view.
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Pleurodelinae TSCHUDI, 1838
Ichthyosaura SONNINI DE MANONCOURT and LATREILLE, 1801

Ichthyosaura alpestris (LAURENTI, 1768)
Fig. 5 a-c
Length up to 7.4 mm. The proximal notch of crista dorsalis is usually present. The dor-
sal edge is weakly concave or straight. A posterior ridge on the crista ventralis is distinctly
higher than the anterior one. Size of the distal part in comparison with the proximal one is

not clear or the distal part is not longer than the proximal one. Fossa olecranon is absent or
poorly developed, fossa cubitalis is deep, usually long.

Lissotriton BELL, 1839

Fig. 5 d-1
The proximal notch of crista dorsalis is usually present. Two ridges on crista ventralis

are of identical height or posterior ridge is distinctly higher than the anterior one. Fossa
olecranon is absent or poorly developed, fossa cubitalis is long.

Lissotriton lantzi (WOLTERSTORFF, 1914)
Fig. 5 d-f
Length up to 5.6 mm. The proximal notch of crista dorsalis is usually present. The dor-

sal edge is weakly concave. Distal and proximal parts of the bone cannot be delimited or
they show different ratios. Fossa cubitalis is appreciable.

Lissotriton montandoni (BOULENGER, 1880)

Fig. 5 g-i
Length up to 7.0 mm. The proximal notch of crista dorsalis is usually present. The dor-
sal edge is weakly concave or rarely straight. The distal edge of crista ventralis is slanting.
Distal and proximal parts of the bone cannot be delimited. Fossa cubitalis is deep.

Lissotriton vulgaris (LINNAEUS, 1758)
Fig. 5 j-1
Length up to 5.7 mm. Proximal notch of crista dorsalis is present. The dorsal edge is

weakly concave. Distal and proximal parts of the bone cannot be delimited or the distal
part is smaller than proximal one. Fossa cubitalis is deep or at least distinct.

Ommatotriton GRAY, 1850

Ommatotriton ophryticus (BERTHOLD, 1846)
Fig. 6 a-c

Length up to 11.7 mm. The proximal notch of crista dorsalis is present. The dorsal edge
is weakly concave. The distal edge of crista ventralis is slanting. The posterior ridge on
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Fig. 5. Right humeri of Pleurodelinae: a-c — Ichthyosaura alpestris; d-f — Lissotriton lantzi; g-i — Lissotriton
montandoni; j-1— Lissotriton vulgaris; a, d, g, j—dorsal view; b, e, h, k —posterior view; ¢, f, i, | — ventral view.



Comparative humeral morphology of some Eurasian tailed amphibians

113

crista ventralis is appreciably higher than the anterior or they are of same height. Distal and
proximal parts of the bone cannot be delimited. Fossa olecranon can be weakly developed
or distinct, wide, or narrow and long. Fossa cubitalis is rather deep and long.

Pleurodeles MICHAHELLES, 1830

Pleurodeles waltl MICHAHELLES, 1830
Fig. 6 d-f
Length about 7.0 mm. The proximal notch of crista dorsalis is present. The dorsal edge
is S-shaped. Crista dorsalis is short, high, with an overhanging proximal end. The distal
edge of crista ventralis is thinned. The distal part of the bone is much smaller than proximal

one. Fossa olecranon is distinct, wide; fossa cubitalis is not deep. There is a groove trace-
able along the posterior side of the bone on its distal end.

Triturus RAFINESQUE, 1815
Fig. 7
Crista dorsalis is short, high, with an overhanging proximal end. The posterior ridge on
the crista ventralis is distinctly higher than the anterior one or they are of same height. The

distal part is much smaller than the proximal one or they cannot be delimited. Fossa olecra-
non is usually distinct, long, but sometimes can be lacking.

Triturus cristatus (LAURENTI, 1768)
Fig. 7 a-c
Length up to 8.7 mm. The bone dorsal edge is S-shaped or concave. The posterior ridge

on crista ventralis is appreciably higher than the anterior one or they are of same height.
Fossa cubitalis is rather deep, but in juvenile individuals it is weakly developed.

Triturus dobrogicus (KIRITZESCU, 1903)
Fig. 7 d-f

Length up to 7.8 mm. The bone dorsal edge is S-shaped. The posterior ridge of crista
ventralis is appreciably higher than the anterior one. Fossa cubitalis is rather deep, long.

Triturus karelini (STRAUCH, 1870)
Fig. 7 g-i
Length up to 10.0 mm. The bone dorsal edge is S-shaped or concave. The posterior

ridge of crista ventralis is appreciably higher than the anterior one. Fossa cubitalis is rather
deep, long.
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Fig. 6. Right humeri of Pleurodelinae: a-c — Ommatotriton ophryticus; d-f — Pleurodeles waltl; a, d — dorsal
view; b, e — posterior view; ¢, f — ventral view.
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Fig. 7. Right humeri of Pleurodelinae: a-c — Triturus cristatus; d-f — Triturus dobrogicus; g-i — Triturus
karelini; a, d, g — dorsal view; b, e, h — posterior view; c, f, i — ventral view.
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Salamandrinae GOLDFUSS, 1820
Mertensiella WOLTERSTORFF, 1925

Mertensiella caucasica (WAGA, 1876)

Fig. 8 a-c

Length up to 8.7 mm. The dorsal edge is almost straight or weakly convex. Crista dor-
salis is short, rather high and usually slightly displaced from the bone axis to posterior
edge. The proximal notch of crista dorsalis is absent or very small. The distal edge of crista
ventralis is steep, with a small posterior ridge. The distal part of the bone is much smaller
than the proximal one. Fossa olecranon is distinct, long. Fossa cubitalis is deep and short.
There are two shallow asymmetrical furrows leading from the distal end of the bone along
the posterior and anterior sides as far as its midpoint.

Salamandra GARSAULT, 1764

Salamandra salamandra (LINNAEUS, 1758)

Fig. 8 d-f

Length up to 14.0 mm. The proximal notch of the crista dorsalis is usually present. The
bone dorsal edge is concave. Crista dorsalis is short, high. A posterior ridge can be devel-
oped on the distal edge of the crista ventralis. Distal and proximal parts of the bone cannot
be delimited. Fossa olecranon is distinct, long. Fossa cubitalis is rather deep, long.

Fig. 8. Right humeri of Salamandrinae: a-c — Mertensiella caucasica; d-f— Salamandra salamandra; a, d—dorsal
view; b, ¢ — posterior view; ¢, f — ventral view.
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V. CONCLUSIONS

The distinctions found in the morphology of the bones, briefly specified in Table 1V,
allow for definition of the systematic affiliation of fossil humeri.

Absence or weak development of the crista dorsalis distinguishes the family Hynobiidae
from Salamandridae which have this structure well developed. Among the Hynobiidae the
convex bone dorsal edge distinguishes Salamandrella from Onychodactylus with its S-
shaped form. The latter is also characterized by high values of indices L/Wp and L/Wd
(Table III). However, I had only one individual of Onychodactylus fischeri and conse-
quently no data about intraspecific variability of these features. The distal part of this bone
in Salamandrella keyserlingii is apparently smaller than the proximal one whereas they are
approximately equal in Salamandrella tridactyla. In addition the fossa olecranon and fossa
cubitalis are developed to various degrees. Unfortunately, I had only one individual of the
latter species, and these conclusions are not supported sufficiently.

Table IV

Morphological characters of some bone elements in studied species of tailed amphibians.
CD — crista dorsalis: 1 — low, 2 — high; PR - proximal notch of crista dorsalis: 1 — present,
2 —usually present, 3 —absent; DE — form of dorsal edge: 1 — S-shaped, 2 — convex, 3 — con-
cave, 4 — straight; DP — size of humeral distal part in comparison with proximal one:
1 —smaller, 2 — equal, 3 —not clear; FO — fossa olecranon: 1 —visible, 2 — weakly developed,
3 —lacking; FC — fossa cubitalis: 1 - weakly developed, 2 — visible, 3 — deep; APR — ante-
rior and posterior ridges on distal edge of ventral crest: 1 — posterior higher than anterior,
2 —of'equal height, 3 — anterior higher than posterior, 4 —absent, 5 — only posterior present

Species CD PR DE DP FO FC APR
Onychodactylus fischeri - - 1 lor2 1 2 -
Salamandrella keyserlingii 1 - 2 1 2 2 -
Salamandrella tridactyla 1 - 2 2 1 1 -
Ichthyosaura alpestris 2 2 3 3 3or2 3 1
Lissotriton lantzi 2 2 3 3 3or2 2 2orl
Lissotriton montandoni 2 2 3 3 3or2 3 2or1l
Lissotriton vulgaris 2 1 3 3 3or2 3or2 2o0r3
Ommatotriton ophryticus 2 1 3 3 1 3 lor2
Pleurodeles waltl 2 1 1 1 1 2 4
Triturus cristatus 2 1 3orl 1or3 lor3 3 lor2
Triturus dobrogicus 2 1 1 lor3 lor3 3 1
Triturus karelini 2 1 3orl lor3 1 3 1
Mertensiella caucasica 2 3 4or2 1 1 3 5
Salamandra salamandra 2 2 3 3 1 2 5
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Essential differences between Pleurodelinae and Salamandrinae have not been re-
vealed, whereas their genera sometimes differ. Humeri of Mertensiella caucasica are char-
acterized by a very short distal part, a short crista dorsalis, and a steep distal edge of crista
ventralis with a small posterior ridge. There are also characteristic asymmetrical furrows
on the posterior and anterior sides of the bone. Humeri of Salamandra salamandra are
largest (up to 14 mm), have a short high crista dorsalis and the smallest indices L/Wp,
L/Wd, (L-D)/Wp and (L-D)/Wd. Among them the index (L-D)/Wp has a smallest number
of overlapping values with other species (Table III).

Among tritons, Lissotriton lantzi and Lissotriton vulgaris are distinguished by their
small sizes (up to 5.7 mm). Their humeri are very similar and differ only by a degree of de-
velopment of the anterior and posterior ridges on crista ventralis in extreme variants, and in
the values of an index (L-D)/Th, which overlaps only partially (Table III). The third repre-
sentative of the genus Lissotriton, L. montandoni, is medium size (up to 7 mm) and a com-
paratively slanting distal edge of crista ventralis. Similar sizes (up to 7. 4 mm) and indices
are observed in Ichthyosaura alpestris, but this bone looks more massive than among the
Lissotriton species.

Representatives of the genus Trifurus are usually of medium sizes (up to 7-8 mm),
though the humeri of Triturus karelini can reach lengths of 10 mm. All of them have a short,
high crista dorsalis usually with a hanging proximal end, and two ridges on crista ventralis,
the posterior ridge being usually distinctly higher than anterior one. Interspecific differ-
ences are insignificant.

Humeri of Ommatotriton ophryticus are largest among tritons (up to 11.7 mm) and
have a slanting distal edge of crista ventralis. Humeri of Pleurodeles waltl differ by a
pointed distal edge of the crista ventralis, a short distal part of the bone, and a groove on its
posterior side. However, | had only one individual of this species and therefore these ob-
servations are only preliminary.
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