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Abstract. Lacerta raddei and Lacerta nairensis have been recognized as two scparate specics based on
morphology and behavior, and each has been implicated as a sexual parent of different parthenogenetic forms.
However, recent mitochondrial DNA work failed to distinguish these two as separate species. We examined
genctic diversity at 36 allozyme loci from six populations of L. nairensis and four populations of L. raddei.
There were no fixed allelic differences between the two. Mean heterozygosity was slightly higher among
populations of L. raddei than among populations of L. nairensis. A Distance Wagner phenogram showed
that the northernmost population of L. raddei clustered with the L. nairensis populations; the other L. raddei
populations clustered together. We suggest that L. raddei and L. nairensis may not be separate species, a
finding which has important implications for determining the origins of some parthenogenetic Lacerta.

Introduction

Caucasian rock lizards of the genus Lacerta include several parthenogenetic taxa which,
based on chromosomal and molecular evidence, are thought to have arisen from hy-
bridization between various bisexual species (Darevsky, 1967; Darevsky et al., 1985;
Moritz et al., 1992). Lacerta raddei and L. nairensis have been implicated as ma-
ternal parents of the par ic L. k and L. uni: I/

(Uzzell and Darevsky, 1975); L. nairensis is also possibly the paternal parent ofL uzzelli
(Darevsky and Danielyan, 1977; Moritz et al., 1992). Interestingly, sterile triploids have
resulted from crosses between males of bisexuals and females of sympatric parthenogens,
either L. armeniaca or L. unisexualis in the case of L. nairensis, or L. rostombekovi in
the case of L. raddei (Darevsky, 1967; Darevsky et al., 1986).
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Lacerta nairensis had been considered a subspecies of L. raddei (Uzzelt and Darevsky,
1973), but work on morphology and behavior by Darevsky (1967) and Eiselt et al. (1993;
in prep., as cited in Moritz et al., 1992) shows that the two may be distinct species. Based
on mitochondrial DNA variation, Moritz et al. (1992) confirmed that L. raddei was the
maternal parent of L. rostombekovi, but they also found that at least one population of
L. raddei could not be considered distinct from L. nairensis. Consequently, either species
could be the maternal parent of L. unisexualis.

This study is part of a larger investigation examining allozyme variation and phylogeny
among bisexual (Murphy et al., 1996a) and parthenogenetic species of the subgenus Ar-
chaeolacerta. We looked at allozyme variation to determine the genetic variability among
several populations of L. raddei and L. nairensis, including the L. raddei populations
examined by Moritz et al. (1992), to investigate (a) whether or not they can be con-
sidered distinct species, and if so (b) which is the maternal parent of the parthenogen,
L. unisexualis.

Materials and methods

Specimens of Lacerta raddei and L. nairensis were collected from several populations in
central Armenia, near Lake Sevan, in May 1993 (sec Appendix for locality data, sample
sizes, and voucher numbers; fig. 1). Lacerta nairensis collected on the north slope of
Adis Mountain in the Gegam Range (population Adis 1) were considered to be from a
different population than L. nairensis from the south slope (population Adis 2).

The lizards were euthanized with an overdosc of sodium pentobarbitol. Samples of
liver, heart, and tail muscle were dissected from each individual and frozen in liquid
nitrogen. In some cases, specimens were frozen whole and dissected upon return to the
Royal Ontario Museum (ROM). Collection and euthanasia of specimens was carried out
in accordance with CCAC guidelines (Canadian Council on Animal Care, 1984), under
approved protocols to RWM. All voucher i have been d and d
in the ROM herpetology collection.

A mix of heart, liver, and muscle samples for cach individual was homogenized and
used for starch gel electrophoresis on 11% gels. All clectrophoresis procedures, staining
recipes, and enzyme and locus nomenclature follow Murphy et al. (1996b). We were
able to resolve 36 loci, and wherever possible, allozyme loci were resolved using two
buffer systems to uncover hidden variation (table 1).

Allozyme data were analyzed using BIOSYS-1 (Version 1.7; Swofford and Selander,
1989). The percentage of loci polymorphic, mean number of alleles per locus, and the
mean heterozygosity (direct-count) were calculated for each population, and conformity
to Hardy-Weinberg i was calculated by Chi-sq using Levene’s (1949)
correction factor for small sample sizes where appropriate. Interpopulation allozyme
frequency heterogeneity was estimated using Wright’s hierarchical F-statistics (Wright,
1965, 1978) and a contingency Chi-square test (Workman and Niswander, 1970). The
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Figure 1. Map of locations in Armenia where lizards were collected: Lacerta nairensis (1 = Yerevan, 2 =
Aragatz, 3 = Adis 1, 4 = Adis 2, S = Tumanyan, 6 = Apnaguch) and Lacerta raddei (7 = Gosh, § =
Chostov, 9 = Geghart, 10 = Yekhegnadzor).

genetic divergence among the populations was examined with the genetic distance coef-
ficients of Rogers (1972) and Nei (1978); the Rogers’ distances were then clustered by
the Distance Wagner procedure (Farris, 1972).

Results

All populations were monoallelic at 16 of the 36 loci resolved: mAat-A, Ada-A, Cbp-1,
Gda-A, SGlur-A, Gpi-B, Gtdh-A, G6pdh-A, Ldh-B, mMdh-A, sMdhp-A, mMdhp-A,
Mpi-A, Pgk-A, Pk-A, and mSod-A. The populations of Lacerta nairensis were monoal-
lelic for five additional loci (mAcoh-A, Ck-A, Ck-C, Gedh-A and Gsr-1) and the pop-
ulations of L. raddei were monoallelic for another five loci (8Ga-1, mldh-A, Pgm-A,
sSod-A, and Tpi-A). For scveral polymorphic loci, the least common allele occurred
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Table 1. Names and Enzyme Commission Numbers of enzyme systems analyzed and the buffer systems used
in analysis of 36 loci in Lacerta raddei and Lacerta nairensis.

Enzyme Name Abbreviation EC Number Butfer®
(# loci scored)
N-Acetyl-8-glucosaminidase AGA (1) EC32.130 2,6
Acid Phosphatase ACPB (1) EC3.132 1
Aconitase Hydratase ACOH  (2) EC42.13 3,4
Adenosine Deaminase ADA (1) EC 3544 6
Aspartate Aminotransferase AT () EC26.1.1 L2
Catalase CAT () EC LILLG 3,7
Calcium-Binding Proteins cBP (1) Nonspecific 2.6
Creatine Kinase [&'3 @ EC2732 45
“Bsterase-D” ESTD (1) EC3.L1- 6,7
Glucose Dehydrogenase GCDH (1) EC LLLIIg 4,5
Glucose-6-phosphate Dehydrogenase G6PDH (1) 17
Glucose-6-phosphate Isomerase GPl My 4,7
B-Glucosidase AGLUS (1} EC32.121 6
A-Glucuronidase BGLUR (1) EC32.131 6
Glutamate Dehydrogenase GTDH (1) EC 1412 6
Glutathione Reductase GSR () EC 1642 1
Guanine Deaminase GDA () EC3543 16
Isocitrate Dehydrogenase IDH @ EC 1.1.1.42 12
L-Lactate Dehydrogenase LDH @ EC 11127 4.5
Malate Dehydrogenase MDH (D EC 11137 1
Malate Dehydrogenase (NADP+) MDHP  (2) EC 1.1.140 4,6
Mannose-6-phosphate Isomerase MPL (D) EC 5318 2
Peptidase-B PEPB (1) EC 3.4 23
Phosphoglucomutase PGM (D) EC5.422 125
Phosphoglycerate Kinase PGK (1) EC 2723 4
Purine-nucleoside Phosphorylase PNP (1) EC242.1 1,2
Pyruvate Kinase PK a) EC27.140 3.4
Superoxide Dismutase sop @ EC LIS.I1 5.7
Triose-phosphate Isomerase TP 0} EC53.L1
@ PH 6.1: 2 = Ami morpholine, pH 7.5; 3 = Tris-cirate, pH 7.0

4 = Tris-citrate, pH 8.0; 5 = Tris-citrate/borate, pH 8.7 6 = Tris-HCl, pH 8.2; 7 = Tris-borate EDTA,
PH 86.

in only one individual (table 2); for example, in the population of L. nairensis from
Apnaguch, one individual (ROM 24844) exhibited rare aileles for four loci (sAat-A,
Cat-A, Pnp-A and sSod-A). For some loci, only one population exhibited any variation:
L. nairensis from Yerevan at Pgm-A, and from Aragatz at 8Ga-1 and Tpi-A; L. raddei
from Gosh at mAcoh-A, Ck-C and Gedh-A, and from Chosrov at Ldh-A. Some alleles
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Table 2. Genotype frequencies and sample sizes (in brackets) for polymorphic loci in populations of Lacerta
nairensis (1-6) and Lacerta raddei (7-10); m = mitochondrial locus; s = supematant locus. Populations:
| = Yerevan, 2 = Aragatz, 3 = Adis |, 4 = Adis 2, 5 = Tumanyan, 6 = Apnaguch, 7 = Gosh,
8 = Chosrov, 9 = Geghart, 10 = Yekhegnadzor.

Population | 2 3 4 5 6 7 3 9 10
Locus
sAatA 2a(33)  aa(30) a3  w) w9  aall)  aa29) a(30) aa(30) aa3)
bb{l)  ac(l)
sAcoh-A aa(33)  aa(30)  aa3)  wa(§)  aa19)  aa(l0)  2a(2)  2a(28)  aa30)  aa(l)
ac(l) ac(7) ac(2) ac(l)
cel)  cel) ce(1)
ae(1)
mAcoh-A  aa33)  2a30)  aa(3)  aal) ea(l9)  wa(12) @29  9a(30)  aa(30)  aa(3)
ac(l)
Acp-B 2(32)  aa(30) a3 aa() 29  wa(l2) w9  w(0)  aa30) aa3)
ac(l) ab(1)
ce(3)
Cat-A @3 229  aad) aa@)  aal9)  ax® 229 wG0) a9 @)
bb(1) (1) ab(l) abi(1)
Ck-A a@33) a0  aa()  a®) a9 w(l2) w@w@) 229 G0 aa3)
ab(1) ab(1)
Ck-C aa(33) aa30) aa3) aa(5) an(19)  aa(l2)  aa(29) w(B0)  aa(30)  aa3)
ab(ly
EstD a(33)  w@EH ) ) a9 w2 s a0 waee)  wa)
ab(4) ab(5)  ab(5)  ab4)
bb(2) bb(1) bb(1)
ac(h) a1y
dd2)
ee(l)
BGa-1 aa(33)  ea(10)  ua(®)  aa(S) aa(19)  aa(l2)  aa(30) aa30)  2a(30) aa(3})
b(20)
Gedh-A w(33) w30 a5 () aal2) a8 w30 w0 a3
bb(1)
ce(l)
BGlus-A  aa33)  aa@l)  oa(3)  aaS) (19 (12} aa30) bH(29) D)  bb(3)
ab(2) b ab(3)
bb(2)
ac(4)
Gsr-1 @@ aa(30)  aa(3) a®)  aal9)  a(l2) 28 2a29)  wa(30)  aa(3)
ab(l)  ab(1)
sldh-A @)  aaG0) 2B w) a9 a(l0) aG0) w9  aaB30) wad)
ac(l} ab(1)
ce(1)
mldh-A a33) 029 ) ) w(l9) w(12) 230 (30 G0 a3)
ab(1)  abil)
Ldh-A 2(33)  a30)  aa®)  aa5)  aa(19)  aa(l2)  a@(30) aa28)  2a(30)  ma(d)
ab(1)

bb(1)
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Table 2. Continued

Population 1 2 3 4 5 6 7 8 9 10
Pep-B aa(32) 2230y aa(3) aa(s) ax(l9) a1}  a30) aa(lS)  aa(l7)  aa2)
ab(l) ab(l)  ab(2)

bb(1) bb(1) bb(1}
ac(10)  ac(10)

ce(3)

Pgm-A 2a31)  2a(30) aa(3) aal5)  ab(2) aa(12)  2a(30)  aa30)  aa(30)  aa(3)

ab(1) bb(17)

bb(1)
Pnp-A an33)  aa(30)  aa(3) aa(5) aa(l5)  aa(ll)  aa(30)  aa(30)  bb(l) aa(3)

ac(4) dd(1) be(2)
cc(27)
sSod-A aa(33)  aa(30)  aa3)  aad)  aa(19)  aa(1l)  aa(30)  aa(30)  aa(30)  aa(3)
bbi(1)
Tpi-A aa(33)  aa29)  aa3)  aa(5)  aa(19)  sa(12)  aa(30)  aa(30)  aa(30)  aa(3)
ab(1)
PLP?(95%) 0.00 58 278 278 556 1667 833 833 1L 833
PLP* 5.56 16.67 2.78 278 5.56 1667 2798 2222 13.89 8.33
MNAb 1.06 119 1.03 1.03 1.06 117 133 1.33 L19 108
(£SE) (0.04)y 0.08)  (0.03) (0.03) (004 (0.06) (0.10) (0.13) (0.09) (0.05)

MHD® 0.002 0009 0009 0006 0009 0007 0019 0022 0024 0009

(£SE) (0.001)  (0.005) (0.009) (0.006) (0.006) (0.004) (0.009) (0.012) (0.013) (0.009)
4 percentage of loci polymorphic (0.95 criterion and no criterion)
¥ mean number of alleles per locus (+standard error)
© mean heterozygosity by direct count (standard error)

were relatively common in one population but rare or non-existent in the other popula-
tions, for example, Acp-B (c) in Adis 2, 3Ga-1 (b) in Aragatz, and Pnp-A (c) in Geghart.
AGlus-A (a) was absent in the populations of L. raddei from Chosrov and Yekhegnadzor,
yet common in all the other populations. However, there were no fixed allelic differences
between L. raddei and L. nairensis.

For the populations of L. nairensis, the most variable loci were Cat-A, mIdh-A, Pgm-A
and Pnp-A. For L. raddei, sAcoh-A, Est-D and Pep-B were the most variable. The
allele frequencies at eight loci did not conform to Hardy-Weinberg expectations, even
if uncommon genotypes were pooled and exact probabilities calculated: for L. nairensis
from Yerevan, Pgm-A (x? = 20.995, df = 1, P = 0.000; exact probability P = 0.046);
from Aragatz, Cat-A (x* = 59.018, df = 1, P = 0.000; exact P = 0.017) and (Ga-1
O = 31.309, df = 1, P = 0.000; exact P = 0.000); from Apnaguch, sAat-A, Pnp-A
and sSod-A (for each, x> = 23.048, df = 1, P = 0.000; cxact P = 0.043); for L. raddei
from Gosh, Gedh-A (x? = 118.036, df = 3, P = 0.000; exact probability after pooling,
P = 0.001); from Chosrov, Est-D (x* = 99.808, df = 10, P = 0.000; cxact probability
after pooling, P = 0.025).
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Table 3. Contingency Chi-square values for loci showing allele frequency heterogeneity, all populations

combined.
No. of

Locus alleles Chi-square D.E P
SAa-A 3 36.162 13 00673
sAcoh-A 3 66.927 18 100000
mAcoh-A 2 5514 9 78739
Acp-B 3 274918 18 00000
Cat-A 3 23886 18 15880
Ck-A 2 4523 9 87374
Ck-C 2 5514 9 78739
Est-D 6 69.789 45 01036
Gedh-A 3 22.228 18 22202
BGlus-A 4 347.404 27 00000
Gsr-1 2 4.602 9 86754
AGa-1 2 245.143 9 00000
sldh-A 3 51604 18 00004
midh-A 2 33.741 9 00010
Ldh-A 2 16,628 9 05487
Pep-B 3 103.158 18 00000
Pgm-A 2 354.868 9 00000
Pop-A 4 394.455 27 00000
sSod-A 2 30491 9 00036
Tpi-A 2 5514 9 78739
(Totals) 2097.070 315 00000

Table 4. Summary of F-statistics calculated from 14 polymorphic loci among populations of Lacerra

nairensis.

Locus As Fr For
sAat-A 1.000 1000 070
sAcoh-A 619 660 106
Acp-B 524 838 660
Car-A an 394 033
Est-D as8 432 us
AGlus-A —.045 —.007 036
AGa-1 1.000 1.000 625
sldh-A 619 660 106
midh-A —.181 —032 126
Pep-B —.015 —.003 o013
Pgm-A 21 949 930
Pp-A 383 428 074
sSod-A 1.000 1.000 070
Tpi-A -.017 -.003 014
Mean 503 293 584

Contingency Chi-square tests showed that 12 loci had significant (P < 0.05) hetero-
geneity in allele frequency, all populations considered together (table 3). The percentage
of loci polymorphic (95% criterion) ranged from 0.0 to 16.67 for populations of L. nairen-
sis, and between 8.33 and 11.1 for the populations of L. raddei (table 2). The mean
number of alleles per locus, as well as mean heterozygosities, were generally higher
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Table 5. Summary of F-statistics calculated from 15 polymorphic loci among populations of Lucerta raddei.

Locus Fis Fr Fr
sAat-A —017 —.004 013
sAcoh-A 213 426 270
mAcoh-A 017 —.004 o1
AcpB —017 013
CatA —017 008
Ck-A —017 008
CkC —o7 013
Est-D 551 : 082
Godn-A 1.000 1.000 038
BGlus-A 233 871 832
Gsr-l -.017 —.009 009
sidh-A ~017 ~.004 o1
Ldh-A 649 662 038
PepB 403 480 129
Prp-A 464 956 919
Mean 380 668 465

Table 6. Summary of F-statistics calculated from 20 polymorphic loci among all populations of Lacertu
nairensis and Lacerta raddei.

Locus Bis Fir Fst
sAat-A 820 064
sAcoh-A 296 207
mAcoh-A 017 015
AcpB 485 660
Ca-A 259 027
Ck-A -.017 013
ck-C —o017 015
Est-D 515 143
Gedn-A 1000 s
BGlus-A 179 877
Gsr-t —017 014
AGa-1 1.000 643
sidh-A 536 101
midh-A —.181 137
Ldh-A 649 us
Pep-B 393 216
Pgm-A 273 942
Pap-A 405 81
sSod-A 1000 1.000 076
Tpi-A -0 -.002 o015
Mean 430 767 591

for the L. raddei populations compared to the L. nairensis populations (table 2). The
values of Wright's F-statistics were higher for the L. nairensis populations (tables 4, 5);
there was relatively high heterozygote deficiency both within (Fjs = 0.43) and among
(Fir = 0.767) all the populations examined (table 6).
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‘Table 7. Matrix of genetic distance coefficients among populations of Lacerta nairensis (1 =
Aragatz, 3 = Adis 1, 4 = Adis 2, 5 = Tumanyan, 6 = Apnaguch) and Lacerta raddei (7
Chosrov, 9 = Geghart, 10 = Yekhegnadzor). Below diagonal: Nei's (1978) unbiased genetic distance. Above
diagonal: Rogers’ (1972) genetic distance.

1 2 3 4 s 6 7 8 9 10
1 - 027 006 021 028 042 03 046 040 061
2 013 - 029 045 055 067 032 061 058 075
3 006 013 = 024 034 048 016 049 044 065
4 013 027 013 - 049 062 030 064 059 080
H 023 039 026 039 - 017 041 074 063 089
6 027 044 030 043 001 - 046 085 078 096
7 001 013 001 014 027 030 - 048 046 058
8 031 042 032 046 059 063 032 - 061 029
9 029 042 029 043 049 057 030 049 - 079

s
2
£
g

039 053 066 067 034 005 056 -

.00 .04 .08 12 16 .20 .24
r T T T T T T

nair Rhazdan
nair Tumanyan
0 nair Apnaguch
nair Aragatz
radd Gosh
radd Geghart
radd Yekhegnadzor
radd Chosrov
nair Adis 1
nair Adis 2
saxicola

mixta

alpina
L 1 1 L Il 1 I
.00 .04 .08 a2 .18 .20 .24

Rogers’ Distance from Root

Figure 2. Distance Wagner tree (afier optimization) produced by rooting with outgroup specics. Goodness of
fit stafistics: percent standard deviation = 7.225; cophenetic correlation = 0.998.

Nei’s (1978) genetic distance ranged from 0.001 to 0.044 among the six populations of
L. nairensis, and from 0.005 to 0.056 among the four populations of L. raddei (table 7).
Rogers’ (1972) distances ranged from 0.006 to 0.067 among L. nairensis populations, and
from 0.029 to 0.079 among L. raddei populations (table 7). The smallest distances were
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between the Yerevan population of L. nairensis and the Gosh population of L. raddei, and
between the T yan and h popul of L. nairensis; the greatest dist:
were between the Apnaguch population of L. nairensis and the Yekhegnadzor population
of L. raddei.

In a Distance Wagner phenogram based on Rogers’ (1972) genctic distances after
optimization, the population of L. raddei from Gosh clustered with the six populations of
L. nairensis rather than with the other populations of L. raddei. Another Distance Wagner
phenogram rooted with three outgroup taxa (L. saxicola, L. mixta, and L. alpina), showed
that the L. raddei populations clustered within the group of L. nairensis populations
(fig. 2).

Discussion

The populations of Lacerta raddei and L. nairensis examined were monoallelic for almost
half of the resolved loc; for several other loci, only one population showed any variation,
usually when single individuals showed a unique allele. Measures of genetic variation
within the populations were similar to those from Armenian populations of L. valentini
and L. portschinskii, but generally lower than thosc for populations of L. caucasica,
L. daghestanica, and L. rudis (Fu et al., 1995; MacCulloch et al., 1995). The percentages
of polymorphic loci, including all loci with any variation (table 2), were generally lower
than those reported for mainland populations of another lacertid, Podarcis sicula (27-
45%; Gorman et al., 1975), and for teiids (Cnemidophorus tigris, C. i s, and
C. sexlineatus: 15-34%; Gorman et al., 1977; Dessauer and Cole, 1984), and also lower
than the average (21.7%) for other lizard species (summarized in Sattler and Ries, 1995).

Similarly, our measures of heterozygosity (table 2) were much lower than those re-
ported for Podarcis (0.0588-0.1285; Gorman ct al., 1975) and bisexual Cnemidophorus
(0.04-0.1464; Gorman et al., 1977; Dessauer and Cole, 1984), as well the average value
of 0.051 for several lizard specics (Sattler and Ries, 1995). The low values of heterozy-
gosity within populations of L. raddei and L. nairensis are more similar to values reported
for fossorial or territorial, sit-and-wait lizards (Gorman et al., 1977), even though Lacerta
are highly vagile and are active predators (Darevsky, 1967).

Reduced heterozygosity is also found in insular populations of lizards, which may be
due to either founder effects, population bottlenecks, or small effective population sizes
(Gorman et al., 1975). However, population sizes for many of the lizards sampled in our
study were very high (unpubl. data) and sample sizes for almost all the populations were
adequate to estimate mean heterozygosities. We also resolved enough loci in our study
to estimate heterozygosity even in those populations with small sample sizes (Gorman
and Renzi, 1979).

The low values of heterozygosity found within the populations we examined may re-
flect the numerous mountain populations of Lacerta raddei and L. nairensis (Darevsky,
1967), and suggest that each taxon is comprised of several disjunct populations through-
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out its range despite a seemingly contiguous distribution (Darevsky, 1967; Moritz el al.,
1992). In addition, the Fyr values for both taxa (tables 4, 5) are high enough to suggest a
relatively high level of substructuring among populations, with reduced genc flow among
them. However, the low overall genetic variation suggests that the various populations
have not been separated long cnough for the fixation of unique alleles. This is consistent
with Darevsky's (1967) hypothesis of recent, post-glacial dispersals of L. raddei and
L. nairensis into the Caucasus Mountains. There is also a trend towards higher heterozy-
gosity values for the L. raddei populations, which may reflect the wider distribution of
this taxon across the region compared to L. nairensis (Moritz et al., 1992). Future field-
work should investigate the levels of dispersal among these populations, the dispersal
abilities of these lizards, and any geographic restrictions to dispersal among populations.

If there is a correlation between lifestyle and heterozygosity within lizard genera
as there is within families (Gorman et al., 1977), the slightly higher heterozygosity
in L. raddei may also be related to its less territorial and aggressive nature compared
o L. nairensis (Darevsky, 1967). However, the high standard errors associated with
measures of genetic variation (table 2) render any such conclusions premature.

Our results support the work of Moritz ct al. (1992) in that the population of L. raddei
from Gosh clustered with the six populations of L. nairensis rather than with the other
populations of L. raddei. Moritz et al. (1992) found that the mitochondrial DNA of
L. raddei sampled from Gosh could not be distinguished from that of L. nairensis, except
for a 200 base pair insertion; furthermore, mitochondrial DNA from the Gosh L. raddei
was quite different than that sampled from two other populations of L. raddei. In our
study, the genetic variation within the Gosh population of L. raddei was relatively high,
with several alleles being present in this population and no other. The Gosh population
of L. raddei, at the northeastern tip of Lake Sevan, is separated from other populations
of L. raddei further to the north, east and south (see map in Moritz et al., 1992), and
is far removed from the main range of this specics to the southeast. It may have been
isolated long enough for new alleles to enter the population, cither through random
drift or hybridization events with other species. The mitochondrial DNA evidence from
Moritz et al. (1992) also suggests a close relationship between L. raddei from Gosh and
at least two populations of L. nairensis.

There were no fixed allelic differences between L. raddei and L. nairensis in our
study. Uzzell and Darevsky (1973) also could not distinguish the two species based
on electrophoretic data from five loci. However, L. raddei and L. nairensis can be
separated by differences in morphology and behavior, even where they are sympatric.
Lacerta raddei has a white belly tinged with green, and has dark dorsal patterns that are
restricted to the midline of the back. In contrast, L. nairensis has a yellow-green belly
and dorsal markings that are scattered along the back. There are also minor scalation
differences (Darevsky, 1967). Lacerta nairensis is generally larger in size than L. raddei,
and is usually found at a higher elevation in a hill-steppe environment, rather than in
the forest or foothills. The timing of oviposition and hatching occurs approximately one
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month later in L. nairensis, but this may be due to the difference in altitude. During
courtship and copulation, males of L. nairensis hold females at the thigh, a behavior
shared by L. raddei, but L. raddei is unique in also grasping females on the side of the
body (Darevsky, 1967). Although neither species seems to be very territorial, aggressive
encounters between males are usually longer and more intense in L. nairensis compared
(o L. raddei (Darevsky, 1967).

The Distance Wagner phenogram, rooted with outgroup taxa (fig. 2), suggests that
L. raddei and L. nairensis may not be monophyletic taxa. However, any phylogenctic
interpretation of our distance-based tree is highly problematic for several reasons. First,
several nodes in the tree have negative bmnch lengths, which has no phylogenetic mean-

ing. Second, by their very nalure‘ gene qr data are predictably highly & )|

tic. If two ly evolve gene frequencies for alternative
alleles, then there is a 50% chance lhal the changes will be homoplastic unless selection
is involved. If three populations evolve i dently, then t must occur as

at least two must evolve in a parallel direction, both either increasing or decreasing.
Third, any phylogenetic interpretation of gene frequency data is suspect because gene
frequencies are not heritable, but result from forces such as selection, drift, inbreeding,
immigration and emigration (Murphy, 1993). Only heritable characters should be used
in the reconstruction of gencalogical relationships. Thus, we would not want to base a
phylogeny on such highly homoplastic, non-heritable data. Consequently, because there
is significant substructuring among the populations, but no fixed differences separating
L. raddei and L. nairensis, we believe that our allozyme frequency data cannot be used
to address the (axonomic status of the species. We are also uncertain which taxon is the
maternal parent of L. unisexualis.

The discrepancy between the color, behavioral, and ecological data relative (o the
mitochondrial DNA restriction fragment length polymorphism data of Moritz et al. (1992)
needs additional investigation before making a final decision on the taxonomic status of
Lacerta raddei and L. nairensis. However, before making such a decision, additional
fine-grained data, such as rapidly evolving mitochondrial DNA sequences, should be
evaluated in the interest of maintaining nomenclatural stability.
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Appendix. Specimens collected.

Laceria nairensis (n = 138). — Armenia: Yerevan, Rhazdan River, 40° [1'S0"'N, 44°29'48"E, n = 47
(ROM 23754-23800); Gegam Range, Adis Mountain, 40°23'N, 44°42'E, n = 9 (ROM 23801-23803, 23805-
23810); Sevan, 40°30/58”N, 44°56'26"E, n. = 1 (ROM 23804); Aragatz Mountain, Amberd River, Bjurakan,
40°217547'N, 44°1512"E, n = 50 (ROM 23811-23860); Tumanyan, 41°00/00"N, 44°40'12"E, n = 19
(ROM 24780-24798); Apnaguch, 40°27'N, 44°22E, n = 12 (ROM 24842-24843).

Lacerta raddei {n = 108). — Armenia: Yekhegnadzor, 39°45'N, 45°08'E, n = 3 (ROM 23619-23621);
Geghart, 40°08' 15N, 44°49'06"'E, n = 56 (ROM 23622-23677); Chosrov National Park, 40°00'54”N,
44°54'36”E, n. = 40 (ROM 23678-23717); Gosh, 40°44’517N, 45°01°26"E, n = 9 (ROM 23718-23726).
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