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Abstract. Genetic diversity at 37 allozyme loci was surveyed from Lacerta valentini (4 populations), L.
portschinskit and L. rudis (1 population each). The number of polymorphic loci ranged from 1 (L. zalentini) to
11 (L. rudis). Mean hetcrozygosity (direct count) ranged from 0.003 (L. valentini) to 0.071 (L. rudis). Nel’s
(1978) genetic distance ranged from 0-0.03 among populations of L. valentini, 0.127-0.163 between L.
valentini and L. rudis and 0.366-0.487 between L. portschinskii and the two other taxa. Indices of genetic
variability for specics having disjunct distributions were lower than in species with contiguous distribu-
tons, similar to the case of insnlar populations, which have lower values than do mainland populations.

Introduction

The subgenus Archaeolacerta of the genus Lacerta 1s extremely diverse, with some 17
species, both bisexual and parthenogenetic, in the Caucasus Mountains region. The
geomorphological and vegetative diversity of the region provide many microhabitats for
lizards. One consequence of this habitat diversity is the disjunct distributions of some
species (Darevsky, 1967; Darevsky et al., 1985).

Gorman et al. (1975) found that indices of genetic variability (heterozygosity and
percentage of loci exhibiting polymorphism} were lower in island populations of lacer-
tids (Podarcis) than in mainland populations. Two of the species occurring in the
Caucasian region, L. valentini and L. portschinskuz, have disjunct distributions; the range of
a third species, L. rudis, is contiguous (Darevsky et al., 1985). The primary aim of the
study 1s to compare genetic variability in disjunct and contiguous populations. We
hypothesize that geographically restricted disjunct populations will resemble insular
populations in exhibiting relatively lower levels of genetic variability than exhibited by
more widespread contiguous populations.

© E. J. Brill, Leiden, 1995 Amphibia-Repuilia 16: 331-340



332 Ross D. MacCulloch, Jinzhong Fu, Ilya S. Darevsky, F.D. Danielyan, Robert W. Murphy

The three species, L. zalentini, L. portschinskii and L. rudis, were chosen because they are
closely related, forming a three-taxon monophyletic clade within the subgenus Archae-
olacerta (unpublished data). These three species have been the subject of recent mor-
phological study {Darevsky and Eiselt, 1980; Eiselt and Darevsky, 1991; Eiselt et al.,
1992).

Lacerta valentini and L. portschinskit are also two of the parent species of a complex of
parthenogenctic species (Darevsky and Danielyan, 1968; Uzzell and Darevsky, 1975;
Darevsky et al., 1985). Moritz et al. {1992) havc shown that the level of genetic diversity
in parthenogenetic species and their parent species can be used to make inferences
about the origins of the parthenogens. Therefore, the second aim of this study is to
examine allozyme variation in Lacerta valentini and L. portschinskit, as well as in the closely
related L. rudis.

Methods and materials

Specimens were collected in the Lesser Caucasus during the summers of 1993 and 1994.
Lacerta valentini were collccted from four locations in Armenia: a rocky hillside above
Sevan {N=33), the slopes of Adis mountain in the Gegam range (N=26), Gukasyan
(N=16) and Kutchak, on the eastern slopes of Aragats Mountain (N=20). Lacerta valentim
is restricted to higher elevations within its range (Darevsky, 1967). Lacerta porischinskit
{(N=39) were collected at Gosh, Armenia, in a disjunct southern portion of the species’
range. Spccimens of L. portschinskii from the principal portion of its range were not
available. Lacerta rudis (N=26) were collected at Achaldaba, Georgia, in the central part
of the species’ range. The distributions of the species and collecting locations are shown
in fig. 1. Specimens are deposited in the herpetological collection of the Royal Ontario
Museum {ROM). Appendix 1 lists collecting locations and museum catalogue numbers
of collected specimens.

Specimens were euthanised by an overdose of sodium pentobarbitol and dissected
immediately. Liver, heart and skeletal muscle were removed and frozen in liquid
nitrogen. Some specimens were frozen whole and dissected later.

Enzymes were separated by horizontal starch gel electrophoresis on 11% gels.
Homogenates of a combination of heart, liver and muscle tissues were used. All pro-
cedures, protocols and allelic nomenclature followed Murphy et al. (1990). Names,
Enzyme Commission Numbers and buffer systems used for the loci are listed in table 1.
The analysis utilized 28 enzyme systems encoding 37 presumptive loci. Wherever
possible, loci were resolved on two buffer systems to maximize expression of all variants.

Allozyme data were analysed using BIOSYS-1 release 1.7 {Swofford and Selander,
1989). The three species were treated separately for analysis of population genetics and
together for genetic distance analysis. All loci were evaluated for genetic polymorphism
theterozygosity, number of alleles per locus, percentage of loci that are polymorphic),
conlormity to Hardy-Weinberg expectations using Levene’s (1949) correction for small

sample sizes and for genetic structuring using Wright's (1978) F statistics. Genetic
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Lacerta valentini NNy
Lacerta portschinskii [

Lacerta rudis

Figure 1. Map of the Caucasus region showing the distributions of the species and collecting locations. 1 =
Sevan; 2 = Adis Mountain; 3 = Gukasvan; 4 = Kutchak; 5 = Gosh; 6 = Achaldaba.

divergence among populations and specics was cxamined using genetic distance coeffi-
cients {Nei, 1978; Rogers, 1972). Thesc were phenetically summarised by clustering
using the Distance Wagner procedure (Farris, 1972 of BIOSYS-1.

Results
Lacerta valenting

All four populations were monomorphic for 30 of the 37 loci: sAat-A, mAat-A, Acp-B,
Ada-A, Cbp-1, Ck-A, Ck-C, Est-D, Gedh-A, Gda-A, fGlus-A, BGlur-A, Gpi-A, Gpi-B,
Gtdh-A, BGa-1, BGa-2, sldh-A, mldh-A, Ldh-A, Ldh-B, sMdh-A, mMdh-A, sMdhp-A,
Mpi-A, Pep-A, Pep-B, Pk-A and Tpi-A. At some other loci (mAcoh-A, Cat-A, G6pdh-A,
Pgm-A, Pnp-Aj the variability resulted from a single appearance by rare alleles.

The Adis population exhibited variation at four loci (mAcoh-A, Cat-A, G6pdh-A,
sSod-A} which were monomorphic in the other populations. Variation occurred at Pgm-
A'in the Sevan population only. and at Pnp-A in the Gukasyan population only. In all
populations, sAcoh-A was the most variable locus.

Locus polymorphism is summarised in table 2. None of the vanable loci failed to
conform to Hardy-Weinberg expectations. The contingency chi-square analysis reveals
four loci that show significant heterogeneity (P < 0.05) in allcle frequencies (table 3). The
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Table 1. Names and Enzyme Commission numbers of enzyme systems analysed and buffer systems used in
analysis of 37 loci. Names and numbers follow those used by Murphy et al. (1990).

Enzyme Name and Number Buffera

(]
(=2}

N-Acetyl-B-glucosaminidase {BGA} (EC 3.2.1.30)

Acid Phosphatase {ACP-B: (EC 3.1.3.2 I
Aconitase Hydratase (ACOH; (EC 4.2.1.3; 3, 4
Adcnosine Deaminase iADA) (EC 3.5.4.4; 6
Aspartate Aminotransferase (AAT; (EC 2.6.1.1) 1,2
Calcium-Binding Proteins (CBP) {Nonspecific) 2,6
Caralase (CAT: 'EC 1.11.1.6} 3
Creatine Kinase iCK} (EC 2.7.3.2) 4,5
“Esterase-D™ (Est-D; (EC 3.1.1.-} 6,7
Glucose Dchydrogenase {GCDH) (EC [.1.1.118) 4,5
Glucose-G-phosphate Dehvdrogenase {G6PDH) (EC 1.1.1.49: 1
Glucosc-6-phosphate Isomerase (GPI) (EC 5.3.1.9) 4,7
B-Glucosidase (BGLUSI (EC 3.2.1.21} 6
B-Glucuronidase (BGLUR) (EC 3.2.1.31} 6
Glutamate Dehydrogenase (GTDH) (EG 1.4.1.2} 6
Guanine Deaminasc {GDA} (EC 3.5.4.3) 1,6
Isocitrate Dehvdrogenase (IDHi (EC 1.1.1.42) L, 2
L-Lactate Dehvdrogenase {LDH) (EG 1.1.1.27) 4.6
Malate Dchydrogenase iMDH) (EC 1.1.1.37} 1
Malate Dehydrogenase (NADP+; (MDHP; (EC 1.1.1.40: 4.6
Mannose-6-phosphate Isomerase (MPI) (EC 5.3.1.8) 2
Pcptidase-A (glyeyl-leucine) (Pep-Al (Ec 3.4,-.-) 2,3
Peptidase-B (leucyl-glycvl-glveine! (Pep-Bi (EC 3.4.-.-) 2,3
Phosphoglucomutase (PGM) (EC 5.4.2.2) 1,2
Purine-nucleoside Phosphorylase (PNP) (EC 2.4.2.1} 1.2
Pyruvate Kinase (PKj (EC 2.7.1.40) 3.4
Superexide Dismutase (SOD: (EC 1.15.1.1) 5,7
Triosc-phosphate Isomerase {TPT} (EC 5.3.1.1) 3

2 | = Aminc-citrate Morpholine, pH 6.1; 2 = Aminc-citrate AMorpholine, pH 7.5; 3 = Tris-citrate, pH 7.0; 4
= Tris-citrate, pH 8.0; 5 = Tris-citrate/borate, pH 8.7; 6 = Tris-HCI, pH 8.2; 7 = Tris-borate EDTA, pH
8.6.

F statistics {table 6! showed a slight intrapopulational heterozyvgote deficiency (positive
I, and a greater interpopulational deficiency (F;}. The high I value suggests that the
four populations do not form a panmictic group.

Genetic distances among the populations are shown in table 7. The greatest distances
were between the Sevan population and the other populations, whereas the smallest
distance values were between the Kutchak and Gukasyan populations.

Lacerta portschinsku

All individuals were monomorphic at all but four loci; mldh-A, Pep-A, Pep-B and Pgm-
A. Polymorphism at these loci is summarised in table 2. Allele frequencies in all four loci

conformed to Hardy-Weinberg expectations. Two loci showed significant frequency
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Table 2. Genotype frequencies for polymorphic loci in Lacerta valentini, L. portschinskii and L. rudis.

valenting valentint valentini valentint portschinski rudis

Locus Sevan Adis Kutchak Gukasyan Gosh Achaldaba

sAat-A aa(33) aa(26) aa(20} aa(16 bb(39) bb(26)

sAcoh-A aa(l7) aa(8) aa(18; aa(l4) dd(39) aa(b)
ah{3} ab(2) ab(l) ac(2) ab(5)
bb(1) ac(7) ac(l) bb(1)
ac(7) cc(2; ac(8)
ce(2} be(2) cc(4)
be(l) be(2)

mAcoh-A aa(33) aa(25) aa(20) aal16) aa!39) aa(26)

ab(l}

Acp-B aa(33) aa(26) aa(20) aa(16) bb(39: cc(26}

Cat-A aa(33) aa(23) aa(20) aa{l6; cct39) aa(26)

ab(1:

Ck-C aa(33) aal26) aa{20) aa(16) dd(39; aa(l9)
ab{2)
bb(1}
ac(l)
cci2)

Est-D aa(33) aa{24; aa(201 aa(16i 2a(39; aa{23)
ab(3)

Gedh-A aa(33) aa{26} aa(2(); aall6} aa:39; aal23)
bb(1)

Gpi-A aa(33) aa(26) aa20} aa{l6} aa(39: aa(l7)
abi8)
bh(l)

G6pdh-A aal33} aa(25; aai20 aall6) aal39) 2a(26;

abil}

sldh-A aa(33) aa(26) aa20) aa(16) aal39, aa(15)
ab(11)

sMdh-A aa(33) aal26) aa(20) aall6) aal39; aa(24)
ah(2}

sMdhp-A aa(33; aa;26) aaf20; aa(l6’ aai39 aall6)
ab(4)
ac(l}
bd(2)

Pep-A aal33) 2a(26) aa{20: aallo} bbi33; dd{12;

bel6i dei11)
€6t3>

Pep-B aa(33) aa(26) aa(20} aa(16] aaf31; aa(26)

abt7:
bbil;

Pgm-A aa(32} aa(26) aa(20; aa(16; aai37) aa(24)

ab(l) ab(2} abi1)
bb{1}

Pnp-A aa(33) aa(26) aa(20) aa(l5) aa(39 aal23)

ab{1} ab(3)
sSod-A aa(33; aa20; aar20; aa(16; aai39) aa(26)
ab\6)

PLP= 2.78 5.36 2,78 5.56 5.56 25.00

MNA £SEpP 1.08(0.06) 1.17(0.07: 1.06:/0.06; 1.06(0.04) 1.11(0.07: 1.42(0.11)

MHD i+SEj¢ 0.0120.011 0.024(.016) 0.003(.003; 0.004/.004; 0.011(.007; 0.071(.025

*PLP = percentage of loci polymorphic (0.95 criterion)
PMNA = mean number of alleles per locus
MHD = mean heterozygosity by direct count
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Table 3. Contingency chi-squarc analysis at all variable loci resolved from Lacerta valentini.

Locus No. of alleles Chi-square D.F. P

sAcoh-A 3 21.712 6 .00137
mAcoh-A 2 185.704 3 .00000
Cat-A 2 2.668 3 44571
Gépdh-A 2 2.668 3 44571
Pgm-A 2 1.889 3 59582
Pnp-A 2 9.980 3 01874
sSod-A 2 16.442 3 .00092
Totals 241.063 24 .00000

Table 4. Contingency chi-square analysis at all variable loci resolved from Lacerta portschinskii.

Locus No. of alleles Chi-square D.F. P

Pep-A 3 78.000 2 .00000
Pep-B 3 78.000 2 .00000
Pgm-A 2 1.554 1 21258
Totals 157.554 5 .00000

Table 5. Contingency chi-square analysis at all variable loci resolved from Lacerta rudis.

Locus No. of alleles Chi-square D.F P

sAcon-A 3 67.778 2 .00000
Ck-C 3 9.137 2 .01038
Est-D 2 3.689 1 05477
Gedh-A 2 1.806 1 17898
Gpi-A 2 9.851 1 00170
sldh-A 2 10.961 1 .00093
sMdh-A 2 2.044 1 15276
sMdhp-A 4 9.976 3 01877
Pep-A 3 98.000 2 .00000
Pgm-A 2 2.849 1 .09143
Pnp-A 3 98.000 2 .00000
Totals 314.091 17 00000

Table 6. Summary of I statistics for Lacerta valentini, L. portschinskii and L. rudis obtained through BIOSYS-1

{Swofford and Selander, 1989

Species F, F, F,
L. valentini 0.095 0.540 0.492
L. portschinski 0.113 - -

L. rudis 0.114
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Table 7. Genetic distance coefficients. Above diagonal: Nei {1978) genetic distance; below diagonal: Rogers
1972} genetic distance.

Population 1 2 3 4 3 6

1 L. valentini Sevan Fokkx 028 030 029 163 487
2 L. valentini Adis 033 Fkokx 003 002 127 431
3 L. valentini Kutchak 034 014 il 000 138 447
4 L. valentint Gukasyan 035 015 .003 Rk 135 445
3 L. rudis Achaldaba 177 151 155 154 Fokak .366
6 L. portschinskii Gosh .389 357 364 .363 328 Hkokok

L. valentini Sevan
fL. valentini Kutchak
|_ L. valentini Gukasyan
L. valentini Adis
L. rudis

L. portschinskii

.00 .03 .06 .09 12 .15 .18 .21

Figure 2. Wagner tree from Rogers distance marrix (table 7). The tree was produced by rooting at
midpoint of longest path {after optimizationj. Farris” 119721 **f* = 0.005. Cophenetic correlation = 1.000.
Total length of tree = 0.438.

heterogeneity (P < 0.05; table 4). The I, value shows a slight deficiency of heterozygotes
in the population (table 6).

Lacerta rudis

This specics exhibited the greatest amount of variation of the three species examined.
Of the 37 loci, 11 (sAcoh-A, Ck-C, Est-D, Gedh-A, Gpi-A, sldh-A, sMdh-A, sMdhp-A,
Pep-A, Pgm-A, Pnp-Al were polymorphic {table 2). Allele frequencies at four of the
variable loc1 (Ck-C, sldh-A, sMdhp-A, Pgm-A) do not conform to Hardy-Weinberg
expectations. Chi-square contingency tests found that seven loci exhibited significant
heterogeneity in allele frequency (P < 0.05; table 5;. The value of F;, demonstrates a
slight heterozygote deficiency (table 6).

Genetic distance coefficients (Nei, 1978; Rogers, 1972 among the specics and popu-
lations are shown in table 7. The Distance Wagner phenogram based on Rogers’ (1972)
distance is shown in fig. 2. Lacerta rudis is placed adjacent to L. valentini; this reflects the
results of our unpublished phylogenetic analysis. Indeed. these two taxa were separated
by fixed allelic differences at only 3 (sAat-A, Acp-B, Pep-A) of 37 loci examined. Fixed
differences between L. portschinskii and the two other taxa occurred at 5 (sAcoh-A; Acp-
B, Cat-A, Ck-C, Pep-A) of 37 loci.
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Discussion

Differences in genetic variation among the populations of L. valentini are considerable,
with the Adis population exhibiting the greatest variation. Genetic distance analysis,
however, placed the Sevan population as the most divergent (table 7). The coefficients of
this variation, especially mean heterozygosity, in the Sevan population of L. valentini are
closer in numerical value to those of L. porischinsku than they are to those of the Adis
population; the Kutchak and Gukasyan populations exhibit still lower heterozygosity.
The greatest degree of variability (all 3 coefficients) was found in L. rudis.

Genetic variation in L. caucasica and L. daghestanica (MHD = .015-.055, MNA =
1.21-1.32, PLP = 2.94-20.59; Fu et al., in press) was greater than that in both L. valentini
and L. porischinskiz, although less than that found in L. rudis. Examination of several
Armenian populations of L. raddei and L. nairensis revealed that values of genetic
polvmorphism were generally higher (MHD = .009-.027, MNA = 1.08-1.33, PLP =
2.56-12.82; unpublished data) than thosc found in L. valentini and L. portschinski but
lower than those found in L. rudis. Lacerta caucasica, L. daghestanica, L. radder and L.
nairensis all have contiguous distributions (Darevsky, 1967). Busack (1987) found very
high genetic variation in L. lepida and L. pater.

Genetic distance coefficients among populations of L. valentini were within the range
of distances found among island populations of the lacertids Podarcis melisellensis and P.
sicula (Gorman et al., 1975). Genetic distance coefficients among the populations of L.
valentimt were approximately equal to those found among populations of L. daghestanica
{Nei’s Distance = 0-.029; Fu et al.,, in press), even though the latter species has a
contiguous distribution. Low values of variability, however, produce relatively lower
distance values.

Heterozygosity ranged from 0.003 in L. valentini (Kutchak population) to 0.071 in L.
rudis. The value for L. rudis is within the range of heterozygosity found in mainland
populations of Podarcis sicula from the Adriatic coast, whereas heterozygosity values in L.
portschinskit and L. valentint are even lower than that found in island populations of P.
steula (Gorman et al., 1975). Only the most variable population of L. valentinz, from Adis,
approaches the heterozygosity values of insular P. sicula. Heterozygosity in 3 bisexual
species of Cnemidophorus averaged about 0.05 (Dessauer and Cole, 1984). A summary by
Gorman et al. {1977) reported mean heterozygosity values of 0.01 in fossorial lizard
species, 0.05 in “sit and wait” species and 0.09 in mainland populations of Lacertidae.
In this study only the species with a contiguous distribution (L. rudis) exhibited hetero-
zygosity similar to mainland lacertid populations, whereas the disjunct populations of L.
portschinskit and L. valentini resembled island populations.

Dessauer and Cole {1984) reported a range of 1.10-1.21 alleles per locus in bisexual
Cnemidophorus. These values are close to those obtained for Lacerta valentini and L.
portschanskii but lower than that found in L. rudis (table 2). Gorman et al. {1977) reported
a much higher value (1.88-2.08) in Cnemidophorus tigris.

The incidence of polymorphism (percentage of loci polymorphic) in L. poréschinskiz and
L. valentini is much less than the 25% exhibited by L. rudis, which, in turn, is lower still
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than the 34% found in Cnemidophorus tigris by Gorman et al. (1977). The preceding values
were calculated using the 0.95 criterion. Dessauer and Cole (1984) and Gorman et al.
(1975) did not use this criterion, but included all variable loci. Removal of the 0.95
criterion from our data revealed the following pcreentages of polymorphic loci: 5.56%
in L. valentini from Sevan and Gukasyan, 2.78% in L. valentini from Kutchak, 13.89% in
L. valentini from Adis, 11.11% in L. portschinskii and 30.56% in L. rudis. Values from
mainland populations of Podarcis sicula reported by Gorman et al. {1975} ranged from
27-45%, whereas values from 3 species of Cnemidophorus were 10-21% (Dessauer and
Cole, 1984). Island populations of Podarcis melisellensis and P. sicula ranged from 0-32%
(Gorman et al., 1975). Again, Lacerta from disjunct Caucasian populations exhibited
values similar to those in insular populations whereas the contiguous L. rudis more
closely resembled mainland lacertid populations.

Our comparisons show that estimates of genetic variability (heterozygosity and per-
centage of loci polymorphic) are lower in the two species from disjunct distributions (L.
valentini and L. portschinskii) than in the species from a contiguous range (L. rudis). Other
species of Lacerta which have contiguous ranges also exhibit higher levels of variability
than do L. valentini and L. portschinskit. The lowest variability is found in L. valentini; this
species’ occurrence at high elevations only, resulting in “islands’ within its range, may
be the reason for this.

Genetic variability in species having disjunct distributions is lower than variability in
species from contiguous distributions. This situation resembles that found in island
populations of lacertids, where variability 1s lower than in mainland populations (Gor-

man et al., 1975).
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Appendix I
Specimens Examined

Lacerta portschinskii: ROM 23926-23940, 24854-24878, Armenia, Gosh, 40°44’51” N, 045°01726” E.
Lacerta rudis: ROM 24304-24332, ROM 24401-24404, Georgia, Achaldaba, +1°54'24” N, 043°30°05” E.
Lacerta valentini: ROM 23862-23887, Armenia, Gegam Range, Adis Mountain, 40°23" N, 044°42" E; ROM

23861, 23888-23925, Armenia, Sevan, 40°30°58” N, 044°56”16” E; ROM 24958-24977, Armenia, Kutchak,
40°18" N, 043°40" E; ROM 24729-24746, Armenia, Gukasyan, 41°01" N, 043°50" E.



