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A350-bp fragment of the mitochondrial cytochrome-b
ene was sequenced in the Caucasian salamander,
ertensiella caucasica, representing 10 populations

rom across its range along the Black Sea coast. Five
aplotypes were discovered among 65 fragments ana-

yzed, differing at 2–50 positions. The highest differen-
iation between haplotypes was observed in animals
rom the eastern part of the species’ range (Borjomi)
ompared to those from the remainder of the species’
ange. Randomly amplified nuclear DNA revealed a
attern of spatial genetic variation similar to that of
he mitochondrial genome. M. caucasica, as currently
nown, represents two evolutionary lineages that
volved independently, perhaps since the lower
liocene. These lineages represent taxa, possibly to be
escribed as species, distributed in the Borjomi area in
entral Georgia and in southwestern Georgia and
ortheastern Turkey. The multivariate analysis of mor-
hological data did not reveal significant differences
etween the taxa. However, substantial morphological
ifferentiation was observed within both lineages,
howing parallel patterns in body proportions and
oloration patterns. This variation is possibly associ-
ted with extant ecological conditions. Salamanders
ith reduced pigmentation from southwestern Geor-
ia were not genetically distinguishable from neighbor-
ng populations. r 2000 Academic Press

Key Words: amphibians; Caucasus; cytochrome-b
ene; historical biogeography; Mertensiella caucasica;
orphological stasis; multivariate morphometrics; phy-

ogeny; RAPD’s.

INTRODUCTION

The Caucasian salamander, Mertensiella caucasica
Waga, 1876), is one of at least six known representa-
ives of the salamander subfamily Salamandrinae,

1 Present Address: Zoological Research Institute and Museum
lexander Koenig, Adenauerallee 160, 53113 Bonn, Germany.
2 Present address: Department of Zoology and Anthropology, Uni-

ersity of Porto, CECA/ICETA/UP, Campus Agrário de Vairäo, 4480

1ila do Conde, Portugal.
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ll rights of reproduction in any form reserved.
hich includes the genera Chioglossa, Mertensiella,
nd Salamandra, with a distribution over mountain-
us regions of Europe and the Near East (Nöllert and
öllert, 1992; Griffiths, 1996). The sister taxon of M.

aucasica is not the Anatolian M. luschani (Stein-
achner, 1891) but the Iberian Chioglossa lusitanica
ocage, 1864 (Titus and Larson, 1995; Veith et al.,
998). The range of M. caucasica is restricted to the
umid mountain forests of the northwestern Caucasus
inor in Turkey and Georgia (Fig. 1). The larger,
estern part of the range belongs to the Black Sea
atershed, while the eastern part drains to the Cas-
ian Sea. At a finer scale, M. caucasica has a frag-
ented distribution, with populations occurring along

he upstream fragments of mountain brooks. Because
f their specialized ecological requirements and patchy
istribution, Tarkhnishvili and Serbinova (1993) and
arkhnishvili (1994) postulated that local populations
ould be largely isolated and the species would be

ubjected to strong genetic subdivision. We employed a
ombination of genetic and multivariate morphometric
echniques to test the prediction that M. caucasica is a
ighly differentiated taxon. The hypotheses tested are
hat the divergence between populations (1) is associ-
ted with geographical distance (‘‘as the crow flies’’), (2)
s associated with geographical distance measured
long river courses (‘‘riverine distance’’), and (3) reflects
he geological history of the region. The latter hypoth-
sis involves two separate refugias of subtropical hu-
id forests on the eastern coast of the Black Sea

ssociated with orogenic activity in the early Pliocene
Grossheim, 1948; Gvozdetsky, 1963).

MATERIAL AND METHODS

Muscular tissue was taken from tail tips from 73
ndividuals of M. caucasica from 10 populations span-
ing the entire species range. Populations were found

n natural habitats within extensive areas of primary
orest, with the exception of locality 8 (Batumi), which
s in a mixed urban and agricultural setting. Altitudes
anged from 50 to 2000 m. For collecting details see Fig.

and Appendix 1.
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415POPULATION DIFFERENTIATION OF THE CAUCASIAN SALAMANDER
DNA was extracted from alcohol-preserved tissue
ollowing the protocol of Sambrook et al. (1989). The
rimers MVZ15 (58-GAACTAATGGCCCACAC(AA/TT)-
ACGNAA-38; Moritz et al., 1992; Tan and Wake, 1995)
nd cytb702 (58-GGCAAATAGGAAGTATCATTCTG-38;
oritz et al., 1992, modified) were used for double-

tranded amplification with Taq polymerase (Gibco
RL). The conditions were as follows: 33 cycles involv-

ng denaturation at 92°C for 90 s, annealing at 50°C for
0 s, and extension at 72°C for 90 s. This yielded a ca.
00-bp-sized fragment of mitochondrial DNArepresent-
ng a part of the cytochrome-b gene. The PCR product
as purified with the wizard PCR Preps DNA Purifica-

ion system. The dideoxy chain termination sequencing
as performed using 35S-labeled dATP (Sambrook et
l., 1989). We used negative controls in all PCR amplifi-
ations to assure that sequences were not from contami-
ated sources. Initially, 250-bp-long sequences were
btained for 45 samples. Sequences of 350 bp, corre-
ponding to 16,279 (58 end) and 16,629 (38 end) of the
enopus laevis mt DNA (Roe et al., 1985) were obtained

or 20 individuals (2 specimens per population).
Phylogenetic analysis of mtDNA haplotypes was

arried out with PAUP 3.1.1 (Swofford, 1993) with the
ollowing parameter settings: (1) a uniform transition–
ransversion ratio (i.e., ‘‘no weighting’’), (2) different
eights assigned to transitions versus transversions

nversely proportional to the frequency of different
ubstitutions among ingroup taxa (all substitutions

FIG. 1. The range of the Caucasian salamander, Mertensiella cau
ocalities numbered 1–10 (see Appendix 1). The shaded area indicate t
, Ponto mountains; and T, Trialeti mountains. The solid line limits
Gvozdetsky, 1963).
ere used for calculating the ratio), and (3) transver- i
ions only. Published (Garcı́a-Parı́s et al., 1998) and
npublished (J.Alexandrino, pers. comm.) cytochrome-b
equences for C. lusitanica, Salamandra atra, and S.
alamandra were employed as outgroups. Bootstrap
eplication scores (Felsenstein, 1985; Hillis and Bull,
993) were determined over 10,000 heuristic search
eplicates to gain an impression of the strength of
upport from the data to the phylogenetic tree showing
aximum parsimony. Evolutionary (patristic) dis-

ances between haplotypes were estimated with the
itch–Margoliash (FM) algorithm to minimize the influ-
nce of uneven rates of mt-DNA change along lineages
Weir, 1996).

Randomly amplified DNA products (RAPD; Williams
t al., 1990) were studied in 58 individuals from nine
ocalities (Appendix 1). The primer PR19 (58-CTGGCG-
CTG-38; Okamura et al., 1993) was used for PCR
mplification in a 50-µl volume for 40 cycles, involving
enaturation at 94°C for 10 s, annealing at 42°C for 30
, and extension at 73°C for 90 s. The PCR products
ere separated on agarose gels and stained with ethid-

umbromide.
Matrices of genetic distance between populations
ere calculated from the mitochondrial data (FM dis-

ance measure between the modal cytochrome-b haplo-
ypes) and from the nuclear DNA data (standardized
uclidian distance between RAPD profile, i.e., 1-band-
haring index). Three hypotheses on cause and effect of
opulation substructuring in M. caucasica were formal-

ica (modified from Tarkhnishvili, 1996), with study populations and
distribution of the A-B4 mtDNA haplotypes. M, Meskheti mountains;
position of the hypothesized Pliocene refugium in the Borjomi area
cas
he
the
zed as follows: (1) geographic distance between popula-
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416 TARKHNISHVILI, THORPE, AND ARNTZEN
ions was calculated from geographical coordinates, (2)
iverine distance was measured on a digitizing tablet
rom maps at scale 1/200,000 (Ministry of Defence of
he USSR, 1978), and (3) the position of each popula-
ion was determined as within or outside the borders of
he hypothesized Pliocene refugium in the upper cur-
ents of the Kura river (Djavakhishvili et al., 1964; Fig.
). To test for the statistical significance of alternative
ypotheses explaining observed genetic distances, par-
ial Mantel permutation tests were applied on standard-
zed distance matrices with 10,000 randomizations
Manly, 1986; Thorpe et al., 1995).

Fifteen continuous, one meristic, and seven qualita-
ive descriptors of size and coloration pattern were
aken for 68 adult salamanders from four populations
see Appendix 1 for sample size). Characters are the
ollowing: SVL, snout–vent length, from the tip of the
nout to the posterior edge of the cloacal cleft; TL, tail
ength, such that SVL plus TL is total length; HL, head
ength, from the tip of the snout to throat fold; HW,
ead width at the widest point; IOD, interorbital
istance; IND, distance between nostrils; NED, dis-
ance from nostril to eye; PL, parotoid length; FLL, fore-
imb length; 3FL, length of the third finger; HLL,
indlimb length; 4TL, length of the fourth toe; ILD,

nterlimb distance; CCL, length of the cloacal cleft; SL,
ength of the spike on the base of the tail (males only);
nd CGC, number of costal grooves. The following

TAB

Variable Sites from the Aligned Sequences (

P 14 16 18 19 26 32 33
C A A A T C C

1 C G A A C C T
2 C G A A C C T
3 C G A A C C C
4 T A G G C T T

87 89 110 116 123 128 134
G T C C C C C

1 A T T T T T T
2 A T C T T T T
3 A T T T T T T
4 A C T T C T T

197 200 215 218 224 227 236
C C T T G C T

1 T T T C A T T
2 T T T C A T T
3 T T T C A T T
4 T T C C A T C

278 279 281 287 290 296 299
C T C A T A T

1 T T T A C G C
2 T T T A C G T
3 T T T G C G C
4 T C T A C A C

Note. A–B4, haplotypes (see text); NP, position of a variable bp in
ncoded aminoacids are shown in italics.
oloration characters were scored binary (yes/no): YS, c
orsal yellow spots arranged in two tracks (versus
cattered or absent); SO, dorsal spots oblong shape
versus round or irregular); SL, dorsal spots large
versus small or almost absent); SE, dorsal spots sharp
dged (versus border ill defined); SN, number of dorsal
pots on the left lateral side ,10 (versus 5 or . 10);
C, dorsal coloration reddish-brown (versus dark-
rown or black); VS, ventral side densely covered with
ilver-white speckles (versus speckles few or absent);
nd DP, small dorsal protuberances present (versus
bsent). Morphological data were not available for
opulations in which sampling was based on juveniles
nd larvae (see Appendix 1).
Measurements were taken with precision (0.1 mm)

allipers and ln-transformed. The standardized residu-
ls of the regression of each character on snout–vent
ength were calculated, thereby reducing the number of

orphometric variables to 14. This transformation was
one to reduce the effect of nonlinear correlation be-
ween separate proportions and individual size (Thorpe
nd Leamy, 1983; Sokal and Rolf, 1995). Principal
omponent analysis (PCA) was applied to the continu-
us and discrete variables separately. Two-way ANOVA
etected significant differences in 4 morphometric char-
cters for males and females (P , 0.01, results not
hown) and therefore the results are presented for
ales and females separately. Statistical analysis was

1

0 bp of Mitochondrial Cytochrome-b Gene)

44 47 56 59 65 68 78 80
A G G C A C C A
C A C C G T T G
C A C C G T T G
C A C C G T T G
T A C T G C T G

137 140 146 151 155 173 176 188
C G C G C T C C
T G T A C C T T
T G T A C C T T
T G T A C C T T
T A T A A C T C

244 246 247 251 256 272 275 276
C T C T C C A T
T T T A T A C T
T T T A T A C T
T T T A T A C T
C C T A C C C C

320 322 323 326 335 339 342 348
T T T T C G T T
C T G C T G C C
C T G T T G C C
C T G C T G C C
C C G C T A C C

aligned sequence. Variable sites corresponding to variations in the
LE

35

the
arried out with SPSS 6.1 (SPSS, 1994).
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417POPULATION DIFFERENTIATION OF THE CAUCASIAN SALAMANDER
RESULTS

nalysis of Mitochondrial DNA Sequences

Sixty variable positions (17%) were recorded in the
50-bp cytochrome-b fragment shaping five different
. caucasica haplotypes (Table 1; GenBank Accession
os. AF170013–AF170016). These haplotypes differed

rom the outgroup haplotype sequences in 18–21%
63–75 positions). Haplotype A differed from the other

ertensiella haplotypes in 12–14% while haplotypes
1–B4 differed among themselves by 0.6–6.3% (Table
). The most parsimonious hypothesis on haplotype
volution is presented in Fig. 2. Tree topologies calcu-
ated under different weighting regimes are not contra-
ictory. The five Mertensiella haplotypes are monophy-
etic with respect to the outgroup with a bootstrap
upport of 100%. The haplotypes B1–B4 form a mono-
hyletic group with a bootstrap support of 98–100%
nd B1–B3 form a monophyletic group with a bootstrap
upport of 86%. Among 116 amino acids coded by the
equenced fragment, variation was observed at 10
ositions (Table 1).
Haplotype A was found at localities 1–4, B1 was

ound at localities 5 and 6, B2 was found at locality 8,
3 was found at locality 9, and B4 was found at locality
0. At locality 7 two haplotypes (B1 and B3) were
bserved in a 1:4 ratio.

andomly Amplified DNA Products

The PCR products obtained by single-stranded ampli-
cation with primer P19 resolved 16 bands in the size
ange of 300–600 bp. Polymorphisms were observed
nvolving five characters and four of these distin-
uished individuals possessing haplotype A from indi-
iduals possessing haplotypes B (Fig. 3). A single
olymorphism was found in individuals with haplotype
. No differences in RAPD banding pattern were found
etween individuals with a B haplotype.

TABLE 2

The Absolute and Relative Substitution Frequencies
%) Observed between Haplotypes of Mertensiella cau-
asica and Various Outgroupsa

Ss Sa Cl A B1 B2 B3 B4

s 6.6 17.8 18.9 19.1 19.1 18.9 21.4
a 23 19.3 19.4 21.1 21.1 20.6 21.1
l 63 64 19.7 18.9 18.9 18.9 18.0

66 68 69 12.6 11.7 12.6 14.3
1 67 74 66 44 0.9 0.6 5.4
2 67 74 66 41 3 1.4 6.3
3 66 72 66 44 2 5 6.0
4 75 74 63 50 19 22 21

a Ss, Salamandra salamandra; Sa, S. atra (Garcı́a-Parı́s et al.,
998); Cl, Chioglossa lusitanica (J. Alexandrino, personal communi-
oation); A–B4 are the haplotypes observed in M. caucasica.
atrix Correspondence Tests

Haplotype genetic distance between populations
Table 3) was significantly associated with the hypoth-
sized Pliocene refugium (P , 0.01) and not with geo-
raphic or riverine distance (Table 3) (P . 0.05). Simi-
arly, a significant association was observed between
APD-derived genetic distance and the hypothesized
efugia (P , 0.01) and not with geographic or riverine
istance (P . 0.05). A significant association was also

FIG. 2. Phylogenetic relationships between cytochrome-b haplo-
ypes of Mertensiella caucasica (A–B4), with outgroup species Chio-
lossa lusitanica, Salamandra atra, and S. salamandra, inferred by
aximum-parsimony analysis. Percentage bootstrap support is indi-

ated along branches (branch length reflects patristic FM distances
etween haplotypes).
bserved between genetic distance matrices con-
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418 TARKHNISHVILI, THORPE, AND ARNTZEN
tructed for mtDNA haplotypes and the RAPD profiles
P , 0.05).

ultivariate Morphological Analysis

The highest loadings on the first PCA axis for body
roportions, explaining 45% of the total observed vari-
nce, were recorded for the characters tail length, head

FIG. 3. RAPD profile of two specimens of Mertensiella caucasica
epresenting lineages with haplotypes A and B1–4. Characteristic
ands are indicated by arrows.

TAB

Geographic Distance, Riverine Dist
between Mertensiella

opulation 1 2 3 4 5

1 0 4 12 23 84
2 6 0 16 27 88
3 27 24 0 13 74
4 48 46 14 0 60
5 117 114 103 80 0
6 122 120 109 86 6
7 218 216 205 182 96
8 232 230 219 196 110
9 226 224 213 190 104

10 366 364 353 330 244
1 0 0 0 0.1
2 0 0 0 0.1
3 0.24 0.24 0 0.1
4 0 0 0.24 0.1
5 1 1 0.85 1
6 1 1 0.85 1 0
7 1 1 0.85 1 0
8 1 1 0.85 1 0
9 1 1 0.85 1 0

Note. Upper panel to the right of the diagonal—geographical ‘‘as th
etails see text). Lower panel to the right of the diagonal—FM patris

istances between RAPD profiles, based on frequencies of six polymorphi
idth, nostril–eye distance, interlimb distance, and
loacal cleft length (Table 4). The second axis, explain-
ng 13% of the observed variance, was dominated by a
ingle character, the length of the third finger. In males,
hese axes helped to distinguish populations 3 and 6
rom populations 1 and 7 (Fig. 4).

In the analysis of coloration pattern, the first and
econd PCA axis explained 32 and 23% of the observed
ariance, respectively. High loadings were recorded
or the characters ‘‘spots edge’’ (SE) and ‘‘dorsal colora-
ion’’ (DC) along the first axis and for the characters
‘spot size’’ (SL) and ‘‘spot number’’ (SN) along the
econd axis (Table 4). In combination, these axes sepa-
ated individuals from localities 1 and 7, while the
ndividuals from the localities 3 and 6 kept an interme-
iate position.

DISCUSSION

Two geographically distinct evolutionary lineages
re found within the range of M. caucasica, as evi-
enced by the analysis of cytoplasmic and nuclear
enes. The level of differentiation between them ex-
eeds those between some fairly distinct urodele spe-
ies, such as Euproctus montanus and E. platycepha-
us, Taricha torosa and T. granulosa, and Salamandra
alamandra and S. atra (Caccone et al., 1997; Tan and
ake, 1995; Garcı́a-Parı́s et al., 1998). This observation

aises two questions: (1) how old are these lineages and

3

ce, and Genetic Distance Observed
ucasica Populations

6 7 8 9 10

89 148 153 163 275
93 152 157 167 280
79 136 143 154 260
65 123 128 140 250
5 64 71 80 185
0 59 66 75 180

90 0 12 16 135
104 17 0 16 125
98 23 43 0 115

238 163 183 140 0
0.126 0.124 0.141 0.124 0.144
0.126 0.124 0.141 0.124 0.144
0.126 0.124 0.141 0.124 0.144
0.126 0.124 0.141 0.124 0.144
0 0.012 0.015 0.012 0.068

0.012 0.015 0.012 0.068
0 0.012 0 0.067
0 0 0.014 0.083
0 0 0 0.067

ow flies’’ distance (km); below the diagonal—riverine distances (km,
istances between modal haplotypes; below the diagonal—Euclidean
LE

an
ca

26
26
26
26

e cr
tic d
c bands with length 300–600 bp.
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419POPULATION DIFFERENTIATION OF THE CAUCASIAN SALAMANDER
2) do they represent separate species? An associated
uestion is why the deep phylogenetic differentiation of
. caucasica is not reflected by morphological change.
The ‘‘molecular clock’’ for substitutions in the cyto-

hrome-b gene of salamanders has been calibrated at
–8% per 10 mA (Spolsky et al., 1992; Tan and Wake,
995) and at 0.9% per 10 mA if only transversions are
aken into consideration (Caccone et al., 1997). Under
he assumption that base substitutions follow a Poisson
rocess, the probability of obtaining the observed diver-
ence value (12%) for the analyzed mt-DNA fragments
ver a time span of 2 mA (i.e., during the Pleistocene) is
mall, even when broad confidence limits for molecular
lock estimates are taken into consideration (P , 0.001;
ee Hillis et al., 1996). We conclude that the separate
volution of two lineages originated well before the
leistocene.
During the Miocene, the Great Caucasus formed an

sland in the central part of the Paratethys Sea (Rug-
ieri, 1967; Kholodov and Nedumov, 1996) that became
onnected to Asia Minor in the upper Miocene (Veresh-
hagin, 1959; Tuniyev, 1990). During the early Pliocene,
rogenic activity resulted in the formation of extensive

TABLE 4

Percentage Variance Explained and Scores of the
irst Two Axes of a Principal Component Analysis for
ody Proportions and Coloration Patterns Observed

n Mertensiella caucasica

First Second

Body proportions

Variance 44.6 12.8
L 0.85 0.25
L 0.46 0.57
W 0.76 0.04

OD 0.69 0.21
ND 0.68 20.46
ED 0.74 0.16
L 0.56 20.46
LL 0.70 0.01
FL 0.04 0.82
LL 0.60 0.02
TL 0.68 20.47
LD 0.75 20.07
CL 0.83 0.14
GC 0.61 0.02

Coloration patterns

Variance 31.6 23.4
O 0.42 20.48
L 0.18 0.87
E 0.88 0.17
S 0.53 20.38
N 0.13 0.81
C 20.83 0.12
S 20.65 20.20
P 0.35 20.05
ountains in this region. This process supposedly p
estricted the subtropical forests of the Colchis (the
estern part of the Caucasus Isthmus) into several

efugias (Grossheim, 1948; Vardanyants, 1948; Maru-
shvili, 1952; Gvozdetsky, 1963). Currently, one center
f distribution of M. caucasica covers the eastern part
f the Black Sea basin.
A smaller center of distribution exists in the Borjomi

rea in the mountains bordering the Kura river (Djava-
hishvili et al., 1964). The localities of the Caucasian
alamander attributable to the eastern lineage are
rom this refugium (Fig. 1). The split between the
ineages may have started before the conjunction of the
aucasus island andAsia Minor. The absence of Merten-
iella from the Great Caucasus is in line with this
cenario, because, orogenically, the Minor Caucasus is
ssociated with the Anatolian plateau and not with the
reat Caucasus (Beruchashvili et al., 1986). The rela-

ively large genetic distance between some of the B
aplotypes may reflect the fragmentation of subtropi-
al forests in the Pliocene.
Allocation of species status to eastern and western

aucasian Mertensiella depends to a large extent on
hat species concept one would wish to apply. Reproduc-

ive isolation of lineages would indicate that they are
ifferent biological species (Mayr, 1969), while the
volutionary independence of lineages would indicate
hat they are different evolutionary species (Wiley,
978; Frost and Hillis, 1990). With the current state of
nowledge, a decision about reproductive isolation be-
ween the eastern taxon and the western taxon cannot
e made, precluding the application of the biological
pecies concept. The particular states of some nuclear
nd cytoplasmic genetic characters define the lineages,
ndicate evolutionary independence, and support spe-
ies status according to the evolutionary species concept.

According to Veith et al. (1998), M. caucasica shares
ncestry with C. lusitanica at 14–15 mA. The further
enetic differentiation of M. caucasica appears to have
een accompanied by morphological stasis. The repro-
uctive patterns, breeding behavior, and embryonic
evelopment in the two lineages of M. caucasica appear
o be similar (Tarkhnishvili and Serbinova, 1993, 1997;
chultschik, 1994a,b). Tartarashvili and Bakradze

1989) described salamanders from locality 7 as the
ubspecies djanashvilii. Although we observed some
orphological variation between populations, the differ-

nces appear to reflect not phylogeny but ecological
onditions. Genetically distant individuals from locali-
ies 3 and 6 were more similar to each other than to
enetically related individuals from populations 1 and
. This was the case both for body proportions and
oloration patterns. An analogous situation was de-
cribed for the tailed amphibian Taricha torosa, in
hich genetically unrelated mountain populations dis-

lay similar coloration patterns (Tan and Wake, 1995).
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FIG. 4. Multivariate analysis of body proportions and coloration p
ith solid dots and females with open dots: (a) principal component

oloration patterns with sexes pooled.
atterns as observed in Mertensiella caucasica. Bivariate plots for males
analysis for body proportions and (b) principal component analysis for
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eorgia; K. Olgun, S. Tunçer, and A. Zuiderwijk for the sample from
urkey; and J. Alexandrino for unpublished sequence data. O.
aggiotti, M. Garcı́a-Parı́s, T. Griffiths, N. Hardman, A. Hille, and
nonymous referees provided valuable suggestions to an earlier
ersion of the manuscript. D.N.T. was supported by a NATO/Royal
ociety post-doctoral fellowship.

REFERENCES

nonymous. (1996). ‘‘Statistical Yearbook of Turkey,’’ State Institute
of Statistics, Prime Ministry Republic of Turkey, Ankara.

eruchashvili, N. L., Gabrielyan, G. K., and Gajiev, F. A. (1986).
‘‘Physical Geography of Transcaucasia.’’ Erevan State Univ. Publi-
cation, Erevan, Armenia. [in Russian]
accone, A., Milinkovitch, M. C., Sbordoni, V., and Powell, J. R.
(1997). Mitochondrial DNA rates and biogeography in European
newts (genus Euproctus). Syst. Biol. 46: 126–144.
javakhishvili, A. N., Aslanikashvili, A. F., and Dzotsenidze, G. S.
(1964). ‘‘Atlas of the Georgian Soviet Socialist Republic.’’ Head
Department of Geodezy and Cartography of the USSR, Tbilisi,
Moscow. [in Russian].

elsenstein, J. (1985). Confidence limits on phylogenies: An approach
using the bootstrap. Evolution 39: 783–791.

rost, D. R., and Hillis, D. M. (1990). Species in concept and practice:
Herpetological applications. Herpetologica 46: 87–103.
arcı́a-Parı́s, M., Alcobendas, M., and Alberch, P. (1998). DNA
evolution of Salamandra salamandra (Caudata: Salamandridae)
from Southern Spain. Copeia 1998: 173–176.
riffiths, R. A. (1996). ‘‘Newts and Salamanders of Europe,’’ Poyser,
London.
rossheim, A. A. (1948). ‘‘Vegetation Cover of the Caucasus,’’ MOIP,

APPE

Geographical and Ecological D

Locality 1—Kekia, at 41° 528N, 43° 308E (N 5 36; N1 5 8; N2 5 2
river Kura. Mixed forest at 1300–1400 m altitude; annual precipitat

Locality 2—Kamis Vake, at 41° 558N, 43° 338E (N 5 4; N1 5 1; N2
Locality 3—Baniskhevi, at 41° 528N, 43° 168E (N 5 12; N1 5 10; N

Kura. Humid deciduous forest at 1400–1500 m; annual precipitation
Locality 4—Chitakhevi, at 41° 478N, 43° 158E (N 5 5; N1 5 3; N2

beam forest at 1200–1400 m; annual precipitation 1000 mm; snow co
Locality 5—Goderdzi Pass site A, at 41° 388N, 42° 358E (N 5 2; N1

Kura. Subalpine pine and spruce forest at 1700 m; annual precipitat
Locality 6—Goderdzi Pass site B, at 41° 368N, 42° 288E (N 5 9; N1

river Kura. Subalpine meadows with stands of pine at 2000 m; annu
Locality 7—Mtirala Mts., at 41° 368N, 41° 508E (N 5 26; N1 5 8; N

skali. Beech forest with evergreen undergrowth at 1300–1400 m; an
Locality 8—Batumi botanical garden, at 41° 438N, 41° 438E (N 5 4

Black Sea. Small plot of semi-natural Colchic-type forest surrounded
2200 mm; no lasting snow cover.

Locality 9—Charnali, 41° 338N, 41° 368E (N 5 8; N1 5 6; N2 5 2;
Deciduous forest with evergreen undergrowth at 400 m; annual prec

Locality 10—Erikli, Turkey, 40° 548N, 39° 308E (N 5 2; N2 5 2). T
(50 m) 830 mm; 8 frost days per year.

Note. Sample sizes are coded as follows: N, total sample size; N1, 25
4, adult morphology. Vouchers are placed in the collection of Tbilisi S

he USSR (1978), and Djavakhishvili et al. (1964).
Moscow. [in Russian].
vozdetsky, N. A. (1963). ‘‘Caucasus,’’ Geografgiz, Moscow. [in Rus-
sian].
illis, D. M., Moritz, C., and Mable, B. C. (1996). ‘‘Molecular
Systematics,’’ Sinauer, Sunderland, MA.
illis, D. M., and Bull, J. J. (1993). An empirical test of bootstrapping
as a method for assessing confidence in phylogenetic analysis. Syst.
Biol. 42: 182–192.
holodov, V. N., and Nedumov, R. I. (1996). Problems of the Caucasus
Palaeoland existence during the Oligocene–Miocene time. Stratigr.
Geol. Correlation 4: 181–190.
anly, B. F. J. (1986). Randomization and regression methods for
testing associations with geographical, environmental and biologi-
cal distances between populations. Res. Pop. Ecol. 28: 201–218.
aruashvili, L. I. (1952). ‘‘Main Problems of Late-Kaenozoan History
of Landscapes of the Caucasus Isthmus,’’ Geogr. Society of USSR
Publ., Moscow. [in Russian]
ayr, E. (1969). ‘‘Principles of Systematic Zoology,’’ McGraw-Hill,
New York.
inistry of Defense of the USSR. (1978). Topographic maps, scale
1:200,000.
oritz, C., Schneider, C. J., and Wake, D. B. (1992). Evolutionary
relationships within the Ensatina eschscholtzii complex confirm
the ring species interpretation. Syst. Biol. 41: 273–291.
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