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Abstract. Diversity at 35 allozyme loci was examined in nine populations of the taxa currently included in
Darevskia saxicola . The data support the recognition of the subspecies Darevskia s. saxicola and D. s. lindholmi
as species. The remaining subspecies D. s. brauneri, D. s. darevskii and D. s. szczerbaki are conspeci� c although
they can no longer be referred to Darevskia saxicola , but must be referred to Darevskia brauneri , whose name
has priority. Considerable population substructuring was observed among the subspecies of Darevskia brauneri .

Introduction

The Caucasian rock lizards of the genus Darevskia Arribas, 1997 have been the subject
of extensive study and, consequently, have undergone considerable taxonomic revision.
Darevskia saxicola (Eversmann, 1834) was the � rst species to be named from the region.
All subsequently described taxa were considered to be subspecies of D. saxicola until
Méhely (1909) recognised some as being distinct species. More subspecies were elevated
to species rank following further detailed morphological and molecular study (Darevsky,
1958, 1967; Fu et al., 1995). A summary of these taxonomic revisions can be found in
Murphy et al. (1996a). Recently Arribas (1997) removed the Caucasian rock lizards from
the genus Lacerta and placed them in Darevskia.

Darevskia saxicola presently contains � ve subspecies. One of these, D. s. lindholmi,
occurs in the southern Crimea, Ukraine. Three other subspecies, D. s. szczerbaki ,
D. s. darevskii and D. s. brauneri, are found in the Black Sea watershed of southern Russia,
distributed from north-west to south-east, respectively. The � fth subspecies, D. s. saxicola,
occurs inland, east of the Black Sea. Zones of contact occur among the latter four sub-
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Figure 1. The distribution of Darevskia saxicola (s.l.). Sampling sites: 1 — Sevastopol; 2 — Yalta; 3 —
Kislovodsk; 4 — Sochi; 5 — Tuapse; 6 — Dzhubga; 7 — Guzeripe; 8 — Dagomys; 9 — Anapa.

species, and between these and other species of Darevskia. The distributions are mapped
in � g. 1.

Herein we examine the allozyme diversity among populations of Darevskia saxicola ,
and evaluate the taxonomic status of the subspecies. Recognition of taxa as unique species
requires that they be distinguishable by � xed allelic differences at a minimum of two
allozyme loci (Baverstock and Moritz, 1996). Our null hypothesis is that D. saxicola, in its
present status, consists of a single species.

Materials and Methods

A total of 99 specimens of D. saxicola were collected from nine locations across the
species’ range (see Appendix). Specimens were euthanized by an overdose of sodium
pentobarbitol. Tissues (heart, liver, skeletal muscle) were removed from all specimens
immediately following euthanasia and frozen in liquid nitrogen. Voucher specimens are
in the collection of the Royal Ontario Museum (ROM).

Enzymes were separated by horizontal starch gel electrophoresis on 11% (w/v) gels.
Homogenates of a combination of heart, liver and muscle were used. The analysis utilised
28 enzyme systems encoded by 35 loci. Electrophoresis procedures, staining protocols and
enzyme and locus nomenclature follow Murphy et al. (1996b). Buffer combinations for
resolving locus products are given in Fu et al. (1995), MacCulloch et al. (1995) and Bobyn
et al. (1996).

Allozyme data were examined for the presence of � xed allelic differences among the
subspecies. The criterion of � xed differences between taxa at two or more loci was
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considered grounds for recognition of taxa as distinct species (Baverstock and Moritz,
1996). Allozyme data were further analysed using BIOSYS-1 release 1.7 (Swofford and
Selander, 1989). All loci were evaluated for genetic polymorphism (mean heterozygosity,
mean number of alleles per locus, percentage of loci exhibiting polymorphism) and
conformity to Hardy-Weinberg expectations using a chi-square test with both correction for
small sample sizes (Levene, 1949) and genotype pooling. Genetic substructuring among
populations was evaluated using Wright’s (1978) F-statistics. Genetic divergence among
populations was examined using genetic distance coef� cients (Rogers, 1972; Nei, 1978).

Results

All taxa and populations were monomorphic for 20 of the 35 loci: mAat-A, mAcoh-A,
Ada-A, Cbp-1, Ck-A, Est-D, bGa-1, Gcdh-A, Gda-A, bGlur-A, bGlus-A, Gpi-B, G6pdh-
A, mIdh-A, mMdh-A, sMdh-A, mMdhp-A, sMdhp-A, Pk-A and mSod-A. Genotype
frequencies for the 15 polymorphic loci are shown in table 1. Alleles are listed in
alphabetical order according to relative mobility, i.e., “a” represents the fastest allele.
The identi� cation of alleles as “a”, “b” etc. is unique to this study; these alleles are not
necessarily equivalent to those alleles similarly identi� ed in other studies.

No � xed differences were detected among the three subspecies D. s. brauneri,
D. s. darevskii and D. s. szczerbaki , indicating that these three taxa are conspeci� c. How-
ever, � xed differences occur between these three and the other two subspecies. Fixed differ-
ences at three loci (sAat-A, sAcoh-A, sSod-A) distinguish D. s. lindholmi from the above
three taxa. Darevskia s. saxicola also differs from the � rst three taxa by � xed differences
at three loci (sAcoh-A, Acp-B, sSod-A). Furthermore, � xed differences exist between,
D. s. lindholmi and D. s. saxicola at � ve loci (sAat-A, sAcoh-A, Acp-B, Mpi-A, sSod-A).
However, these latter two taxa also share the unique Pep-B(a) allele.

The � xed differences listed above provide evidence that D. s. lindholmi and D. s. saxi-
cola merit full species status (Baverstock and Moritz, 1996). The absence of � xed differ-
ences among the remaining three taxa precludes recognition of them as separate species.
Parameters of genetic variability are summarised at the bottom of table 1. Allozyme data
conformed to Hardy-Weinberg predictions except for a heterozygote de� ciency at Ldh-
A in D. s. lindholmi from Sevastopol (x 2 = 23.0, P < 0.05) and in D. s. szczerbaki
(x 2 = 17.1, P < 0.05). When these deviations were re-evaluated using genotype pooling,
however, they were not signi� cant.

Wright’s index of interpopulation substructuring (FST) among all populations of all taxa
is 0.686. This high value con� rms that the populations are not panmictic, as shown by the
� xed differences observed among some taxa. FST was therefore recalculated for each of
the three taxa from which more than one population was sampled. In each of the three
taxa FST was much lower than that calculated for all taxa combined (D. s. brauneri =
0.179, D. s. darevskii = 0.271, D. s. lindholmi = 0.020). The very low value of FST in
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D. s. lindholmi indicates near-panmixis, while the higher values in D. s. brauneri and
D. s. darevskii are indicative of substructuring among populations.

The lowest values of genetic distance were found among populations of the same taxa
(table 2). In general, distances roughly correspond to the species differences determined
by � xation of alternate alleles.

Discussion

The � xed differences in the allozyme data among some of the taxa examined refute our null
hypothesis that all taxa are conspeci� c. These results constitute grounds for the elevation
of D. s. saxicola and D. s. lindholmi to species rank. The former should be referred to
as Darevskia saxicola (Eversmann, 1834). The latter should hereafter be referred to as
Darevskia lindholmi (Lantz and Cyrén, 1936). This name has an unusual history. Lantz
and Cyrén (1936, p. 164) examined specimens from Crimea but were unable to obtain
specimens from Kislovodsk, the type locality of D. saxicola, for comparison with the
Crimean specimens. Nonetheless, they gave the name lindholmi to the Crimean specimens
“in case, when specimens from Kislovodsk are examined, they are found to be different
from the Crimean form.”

The restriction of the name D. saxicola to the former subspecies D. s. saxicola has
repercussions for the remaining three taxa. Differences among these three do not support
their elevation to full species. However, they can no longer be referred to D. saxicola
and must therefore be referred to another name. The name D. s. brauneri (Méhely, 1909)
has priority and the three subspecies must hereafter be referred to as Darevskia brauneri
brauneri (Méhely, 1909), Darevskia brauneri darevskii (Szczerbak, 1962) and Darevskia
brauneri szczerbaki (Lukina, 1963).

Genetic variability parameters (MHD, MNA, PLP) found in this study are comparable
with those found in other Caucasian Darevskia (Fu et al., 1995; MacCulloch et al., 1995,
1997a, b; Bobyn et al., 1996). Genetic distance values (table 2) among the taxa and
populations are similar to those found in groups of closely related species (the D. rudis
group, MacCulloch et al., 1995, and the D. caucasica group, Fu et al., 1995). While the
genetic distances in table 2 roughly correspond to the species differences determined by
� xation of alternate alleles, these do not represent the phylogenetic relationships among
the taxa. A phylogenetic analysis of these relationships is outside the scope of the present
study. A more comprehensive analysis, including all other Caucasian rock lizard species,
must be conducted to determine the relationships among these lizards.

A number of individuals heterozygous at Ck-C were found in our study (table 1). All
of these individuals belonged to D. b. brauneri, D. b. darevskii and D. b. szczerbaki .
Heterozygosity at Ck-C is rare in squamate reptiles (Buth et al., 1985). Occurrence of
Ck-C heterozygotes in Darevskia has been attributed to hybridisation with sympatric taxa
expressing alternative alleles (Murphy et al., 1996a). Because the three taxa containing
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heterozygotic individuals are sympatric (or nearly so) with species bearing the Ck-C(a)
allele (D. caucasica, D. rudis), hybridisation is a likely source of heterozygosity in Ck-C.
Hybridisation may also be the source for other alleles as well.

Although no � xed allelic differences were found among the three subspecies of
D. brauneri , some results (shown in table 1) merit further mention. The Mpi-A(c) allele
appears to be � xed in the specimens of D. b. darevskii from Guzeripe and is absent from
all other specimens of D. b. darevskii. In D. s. szczerbaki the Pep-B(c) allele is unusually
common and it is the only taxon to possess the Pep-A(a) allele. In D. b. brauneri from
Tuapse, the sIdh-A(a) allele is atypically common. Although these phenomena may be
artefacts of sampling, they may also re� ect unique mutations in isolated populations.

The amount of genetic substructuring (FST) in the two subspecies D. b. brauneri and
D. b. darevskii was similar to that in some other Caucasian Darevskia (D. daghestanica,
Fu et al., 1995; D. raddei, Bobyn et al., 1996; D. derjugini, MacCulloch et al., 1997a;
D. portschinskii, MacCulloch et al., 1997b; D. valentini, MacCulloch et al., 1995). In
all taxa examined the substructuring appears to be the result of loss of alleles among
populations, rather than the presence of unique mutations. However, sampling error cannot
be completely ruled out as a contributor to the high amount of substructuring. In contrast,
the FST in D. lindholmi indicates ongoing gene � ow between the two sampled populations,
which are some 50 km apart. A similar low FST was measured in D. praticola (MacCulloch
et al., 1997a). There is no obvious reason why some taxa exhibit greater or lesser gene � ow
than others. Clearly, the question of gene � ow and intraspeci� c substructuring requires
more study.

Acknowledgements. We are grateful to B. Tuniev for specimen collection. All collecting and euthanasia
were performed under approved animal protocols. Import permits were issued by Agriculture Canada. This
study was supported by Natural Sciences and Engineering Council of Canada Grant No. A3148 and the ROM
Department of Museum Volunteers (RWM), by the ROM Foundation (RDM, RWM), and by the Zoological
Institute of the Russian Academy of Sciences, the Russian Scienti� c and Technical Program “Priority Trends in
Genetics,” the International Science Foundation (No. J3Y100), the Russian Foundation for Basic Science and
grants 96.04.49329 and 99.04.49334 from the Leading Scienti� c Schools of the Russian Federation (ISD). This
is contribution 159 from the Centre for Biodiversity and Conservation Biology of the Royal Ontario Museum.

References

Ambas, O.J. (1997): Morfología, � logenia y biogeogra� a de las lagartijas de alta montaña de los Pirineos.
Publicacions de la Universitat Autònoma de Barcelona. 8 pp. and micro� che (353 pp.), Bellaterra.

Baverstock, P.R., Moritz, C. (1996): Part 1, Sampling; Chapter 2, Project Design. In: Molecular Systematics (2nd
edition), p. 17-27. Hillis, D.M., Moritz, C., Mable, B.K., Eds, Sunderland, Mass., USA, Sinauer Associates.

Bobyn, M.L., Darevsky, I.S., Kupriyanova , L.A., MacCulloch, R.D., Upton, D.E., Danielyan, F.D., Murphy, R.W.
(1996): Allozyme variation in populations of Lacerta raddei and Lacerta nairensis (Sauria: Lacertidae) from
Armenia. Amphibia-Reptilia 17: 233-246.

Buth, D.G., Murphy, R.W., Miyamoto, M.M., Lieb, C.S. (1985): Creatine kinases of amphibians and reptiles:
evolutionary and systematic aspects of gene expression. Copeia 1985: 279-284.



176 R.D. MacCulloch, J. Fu, I.S. Darevsky, R.W. Murphy

Darevsky, I.S. (1958): Systematics (Lacerta saxicola Eversmann) in Armenia. Dokl. Akad. Nauk SSSR 122:
730-732 (in Russian).

Darevsky, I.S. (1967): Rock Lizards of the Caucasus: Systematics, ecology and phylogenesi s of the polymorphic
groups of Caucasian rock lizards of the subgenus Archaeolacerta. Leningrad, Nauka (1978 English transla-
tion).

Eversmann, E. (1834): Lizards of Imperial Russia. In: Nouv. Mem. Soc. Nat. Moscovi, pp. 339-369 (in Russian).
Fu, J., Darevsky, I.S., MacCulloch, R.D., Kupriyanova, L.A., Roytberg, E.S., Sokolova T.M., Murphy, R.W.

(1995): Genetic and morphological differentiation among Caucasian rock lizards of the Lacerta caucasica
complex. Russian J. Herpetol. 2: 36-43.

Lantz, L.A., Cyrén, O. (1936): Contribution à la connaissance de Lacerta saxicola Eversmann. Bull. Soc. Zool.
France 61: 159-181.

Levene, H. (1949): On a matching problem arising in genetics. Ann. Math. Stat. 20: 91-94.
MacCulloch, R.D., Darevsky, I.S., Murphy, R.W., Fu, J. (1997a): Allozyme variation and population substructur-

ing in the Caucasian ground lizards Lacerta derjugini and Lacerta praticola. Russian J. Herpetol. 4: 115-119.
MacCulloch, R.D., Fu, J., Darevsky, I.S., Danielyan, F., Murphy, R.W. (1995): Allozyme variation in three closely

related species of Caucasian rock lizards ( Lacerta). Amphibia-Reptilia 16: 331-340.
MacCulloch, R.D., Murphy, R.W., Fu, J., Darevsky, I.S., Danielyan, F. (1997b): Disjunct habitats as islands:

genetic variability in the Caucasian rock lizard Lacerta portschinskii. Genetica 101: 41-45.
Méhely, L. (1909): Materialen zu einer Systematik und Phylogenie der Muralis-ähnlichen Lacerten. Ann. Hist.

Nat., Nat. Mus. Hung. 7: 409-621.
Murphy, R.W., Darevsky, I.S., MacCulloch, R.D., Fu, J., Kupriyanova , L.A. (1996a): Evolution of the bisexual

species of Caucasian rock lizards: a phylogenetic evaluation of allozyme data. Russian J. Herpetol. 3: 18-31.
Murphy, R.W., Sites, J.W. Jr., Buth, D.G., Hau� er, C.H. (1996b): Proteins: Isozyme electrophoresis. In: Molecular

Systematics (2nd edition), pp. 51-120. Hillis, D.M., Moritz, C., Mable, B.K., Eds., Sunderland, Mass., USA,
Sinauer Associates.

Nei, M. (1978): Estimation of average genetic heterozygosit y and genetic distance from a small number of
individuals. Genetics 89: 583-590.

Rogers, J.S. (1972): Measures of genetic similarity and genetic distance. Studies in Genetics VII. Univ, Texas.
Pub. 7213: 145-153.

Swofford, D.I., Selander, R.B. (1989): BIOSYS-1: A computer program for the analysis of allelic variation in
population genetics and biochemical systematics. Release 1.7. Urbana, USA, Illinois Nat. Hist. Survey.

Wright, S. (1978): Evolution and Genetics of Populations, vol. 4. Variability within and among natural
populations . Chicago, Univ. Chicago Press.

Appendix. Origins of specimens used in this study.

Darevskia b. brauneri: Russia, Krasnodar District, vicinity of Sochi, 43°35 ¢ N, 039°46 ¢ E (n = 20)
Russia, Krasnodar District, Tuapse, 44°06 ¢ N, 039°05 ¢ E (n = 3)

Darevskia b. darevskii: Russia, Krasnodar District, Dzhubga, 44°20¢ N, 038°44 ¢ E (n = 4)
Russia, Krasnodar District, Dagomys, 44°40 ¢ N, 039°50¢ E (n = 3)
Russia, Krasnodar District, Guzenpe, 43°59¢ N, 040°09¢ E (n = 9)

Darevskia b. szczerbaki: Russia, Anapa, 44°54¢ N, 037°20¢ E (n = 9)
Darevskia lindholmi: Ukraine, Sevastopol, 44°36¢ N, 033°31 ¢ E (n = 12)

Ukraine, Yalta, 44°30 ¢ N, 034°09¢ E (n = 8)
Darevskia saxicola: Russia, Kislovodsk, 43°56 ¢ N, 042°44 ¢ E (n = 31)
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