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PHENETIC RELATIONSHIPS AMONG POPULATIONS OF
PODARCIS SICULA AND P. MELISELI.LENSIS
(SAURIA: LACERTIDAE) FROM ISLANDS IN

THE ADRIATIC SEA

ROBERT C. CLOVER

Abstract

Clover, R. C. (Department of Biology, California State University, Long Beach, California
90840) 1979. Phenetic relationships among populations of Podarcis sicula and P. melisellen-
sis (Sauria: Lacertidae) from islands in the Adriatic Sea. Syst. Zool. 28:284-298.—Thirty-
one island populations of Podarcis sicula and P. melisellensis from Yugoslavia were examined
to determine phenetic similarities based on means of 15 characters. Both cluster analysis and
multidimensional scaling (MDS) revealed the following patterns of variation: 1) the two
species formed distinct groups; 2) within each species, OTUs from northern and southern
islands grouped separately; 3) within P. melisellensis, OTUs from small islands tended to
resemble other small island OTUs from geographically close islands. These patterns appear
to contradict similarities implied by previous subspecific designations based largely on color
and pattern differences. Genetic drift, gene flow, and selection are evaluated as explanations
for observed phenetic patterns. Drift appears to be highly unlikely as a major force deter-
mining regional, large island, and small island similarities among OTUs. Channel depths and
estimates of the rate of net increase in sea level suggest that the northern islands are younger
than the southern islands. supporting the idea that gene flow has been restricted among the
southern islands and between the two regions for a longer time than among the northern
islands. Combined with differences in selection regimes, the recency of gene flow appears
to have been important in determining north-south phenetic similarities. Populations on
small islands are exposed to qualitatively different selection regimes than those on large
islands. The closer similarity of northern, small island OTUs to large island OTUs suggests
that the northern OTUs have not responded to small island selection regimes to the same
extent that southern island OTUs have. [Phenetics; Podarcis sicula; P. melisellensis; Yugo-

slavia; Adriatic Sea, island populations.]

The taxonomic and ecological diversity
of the lacertid lizards of the Mediterra-
nean region make them favorable sub-
jects for a variety of evolutionary studies.
A number of studies have been reported,
but the majority have concentrated on the
taxonomy of geographic isolates. Of the
13 species of Podarcis (formerly in the
genus Lacerta; Arnold, 1973) occurring
in the region, more than 172 subspecies
have been described, most of these being
populations restricted to single islands
(Mertens and Wermuth, 1960; Brelih,
1961; Lanza et al., 1971; Lanza and Ca-
polongo, 1972). The extensive works on
subspecific nomenclature have empha-
sized differences among populations
showing geographic variation, but unfor-
tunately may also have obscured patterns
of similarity for which general explana-
tions may exist (Wilson and Brown,

1953). Population biologists are especial-
ly interested in attempting to discover
the underlying cause and effect networks
responsible for widespread patterns of
similarity since such patterns should be
the result of the dynamic interactions of
widespread ecological and evolutionary
forces (Ehrlich and Holm, 1962).

The nature and extent of phenetic vari-
ation among local populations can gen-
erally be attributed to gene flow, genetic
drift, and natural selection, yet it is dif-
ficult to distinguish the relative impor-
tance of these forces in determining pat-
terns of geographic variation in natural
populations (Gould and Johnston, 1972).
This may be possible by examination of
phenetic relationships among insular
populations of lizards, however, since
rates of gene flow are extremely low, en-
vironmental heterogeneity varies as a
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function of island area, and numerous is-
lands represent “replications” of popu-
lations subjected to similar environ-
ments. The purpose of this study is to
describe phenetic relationships among
insular populations of two polytypic
species of Podarcis in order to identify
patterns of similarity. Additionally, an at-
tempt is made to estimate the relative im-
portance of gene flow, genetic drift, and
selection in determining these patterns.

MATERIALS AND METHODS
Species Studied

Two species of lacertid lizards which
are widely distributed along the coast
and the more than 1,200 islets, crags,
emergent reefs, and islands of Yugoslavia
were used in this study. The distribu-
tions of these species, Podarcis sicula
and P. melisellensis, are of interest be-
cause they never seem to naturally coin-
habit small islands (<10 hectares) and
appear to be spatially segregated on large
islands and the mainland (Radovanovic,
1965; Nevo et al., 1972). The insular dis-
tributions of these species are reticulate;
in a group of small islands within 200
meters of one another, I found one island
to be inhabited only by P. sicula and two
others only by P. melisellensis. Podarcis
sicula occurs on the northern cost of main-
land Yugoslavia from the Istrien
Peninsula to the mid-coast city of Split,
and on the southern portion of the Balkan
Peninsula, leaving a “sicula-free” zone
between Split and Dubrovnik (Radova-
novi¢, 1959). This suggests the occur-
rence of two separate invasions of Yugo-
slavia from Italy, the apparent center of
this species’ range. The range of P. mel-
isellensis is more restricted, being con-
fined to the Dalmatian Coast of Yugo-
slavia and offshore islands.

Both species have undergone consid-
erable evolution in size, color and pig-
mentation patterns. These characters
have been emphasized in the description
of numerous subspecies. Over the whole
range of P. sicula 48 subspecies have
been described (Mertens and Wermuth,

1960; Brelih, 1961; Lanza et al., 1971;
Lanza and Capolongo, 1972); 40 of these
occur only on islands. Of 18 described
subspecies of P. melisellensis, 17 are
found only on islands (Mertens and Wer-
muth, 1960).

Localities and Specimens

Specimens were collected from 31 lo-
cations (29 islands) in the central Yugo-
slav coastal region (Table 1). Seven of
these locations are occupied by P. sicula
and the remainder by P. melisellensis.
Samples of both species were obtained
from the single large island of Ciovo,
and two samples of P. melisellensis came
from separate locations on Lastovo (Fig.
1). The samples come from two geo-
graphically distinct areas in the central
coast which are separated by a relatively
large stretch of uninterrupted sea oppo-
site the Vinisce peninsula (43°30'N,
16°00’'E; Fig. 1). The northern islands
belong for the most part to the Kornati
archipelago, named after the largest is-
land in this dense group of 147 islands
(Filipi, 1972). Several nearby islands
from which lizards were collected are not
considered part of this archipelago, but
are instead part of an adjacent archipel-
ago, or are closely associated with the
mainland. The islands in the southern re-
gion are not as densely packed in geo-
graphic space; however, several archi-
pelagos exist (Fig. 1): the Lastovo
archipelago (8, 9, 10, 11), the Vis archi-
pelago (12, 13, 14), and the Svetac archi-
pelago (15, 16, 17, 18). With the excep-
tion of Palagruza (1), Susac (3), Jabuka
(18), Bisevo (13), and Kamik (17), the is-
lands in both regions are surrounded by
water less than 100 meters deep.

All specimens were collected in Au-
gust 1971 at sites no larger than a square
kilometer. Lizards were kept in captivity
for periods of up to 3 weeks before being
transferred to a —76 C laboratory freezer
and stored for electrophoresis (see Gor-
man et al. [1975] for a discussion of ge-
netic variation and relationships among
many of these same individuals and pop-
ulations). Localities, sample sizes, and
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TABLE 1. ISLANDS FROM WHICH SAMPLES WERE OBTAINED FOR THIS STUDY.!
Sample Island Island
Island OTU Size Subspecies Area (ha) Age Region
Palagruza it 12 P. s. pelagosae 30 >17,000 S
Pod Kopiste 2 18 P siicazzae 5 9,740 S
Susac 3 26 P. s. cazzae 460 >17,000 S
Kopiste 4 21 P! s.-lcazzae 100 13,920 S
Ciovo 5 4 P. s. campestris 2,880 1,000 N
Murter 6 13 P. s. (undescribed) 1,860 3,000 N
Sveta Katarina 7 Tk P. s. campestris 5 7210 N
Lastovo 8 12 P. m. lissana 5,270 15,790 S
Lastovo 9 19 P. m. lissana 5,270 15,790 S
Pod Mrcaru 10 15 P. m. lissana 159 13,480 S
Tajan 11 12 P. m. (undescribed) 1143 13,260 S
Vis 12 8 P. m. lissana 9,003 15,790 S
Bisevo 13 14 P. m. lissana 580 16,010 S
Greben 14 15 P. m. lissana 6 9,520 S
Svetac 15 157 P. m. (undescribed) 460 15,350 S
Brusnik 16 20 P. m. melisellensis 5 >17,000 S
Kamik 15 22 P. m. galvagnii 1 15,350 S
Jabuka 18 8 P. m. pomoensis 1 >17,000 )
Ciovo 19 10 P. m. traguriana 2,880 1,000 N
Zirje 20 10 P. m. (undescribed) 1,543 13,920 N
Mikavica Il 1) P. m. mikavicae 0.6 11,170 N
Veli Puh 22 20 P. m. thetidis I3 14,470 N
Vodeni Puh 93 12 P. m. (undescribed) 0.9 14,140 N
Purara 24 26 P. m. kornatica 1.6 15,460 N
Mrtovenjak 25 38 P. m. kornatica 9.0 14,800 N
Babina Guzica 26 26 P. m. kornatica 1617 13,150 N
Krpeljina 27 12 P. m. (undescribed) 1.26 9,190 N
Cavlin 28 29 P. m. kornatica 14.1 9,960 N
Vrtlic 29 14 P. m. kornatica 0.4 8,090 N
Mrvenjak 30 26 P. m. (undescribed) 64 9,190 N
Planac 31 14 P. m. var. imitans 5 6,550 N

! Samples sizes are for the males only. No subspecies have been described in several localities. Island areas were obtained from Gvoz-
denovi¢ (1975), Filipi (1972), and by planimeter measurements from nautical charts produced by Hidrografski instut Jugoslavenske ratne

mornarice. Estimates of island ages are described in the text.

subspecific designations are given in Ta-
ble 1.

Characters

Because the primary purpose of the ex-
pedition was to obtain specimens for
electrophoresis, only skins and heads
were available for morphological studies.
Snout-vent lengths and sex were record-
ed prior to skinning and removal of the
heads. Fourteen additional characters
were subsequently scored for each indi-
vidual, including four morphometric and
ten meristic characters. Morphometric
characters were recorded to the nearest
0.1 mm using calipers or an ocular mi-
crometer in a binocular dissecting scope.
These measurements included width of

the occipital cap (HW), internasal width
(NW), width of the occipital scale (OW),
and head length (HL). The fifth morpho-
metric character used was snout-vent
length (SVL). The ten meristic characters
(6 on the head, 4 on the skin of body and
legs) were counted under a dissecting
scope and included the total number for
both sides of the following seven bilat-
erally symmetrical characters: Lower la-
bials (LL), chin shields (CS), upper la-
bials (UL), circumorbitals (CO), plaques
on the second and third postnasals (SO2
and SO3, respectively), and femoral
pores (F). The remaining three meristic
characters consisted of the numbers of
gular collar scales (G), transverse belly
scute rows (BS), and dorsal scales in a
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F1G. 1.—Map of central coastal region of Yugoslavia. The numbers near islands (black areas) correspond
to the OTUs in Table 1. Insert shows location of the study area.
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TABLE 2. MEANS (SE) FOR EACH CHARACTER IN EACH OTU. OTUS ARE IDENTIFIED IN TABLE 1; AB-
BREVIATIONS FOR CHARACTERS ARE DESCRIBED IN THE TEXT.

OTU HW

7.5(0.19)
7.0(0.12)
72 (03
7.9(0.08)
8.0(0.20)
8.3(0.30)
8.2(0.17)
7.1(0.13)
9 73 (013
10 754 (0S15)
15k 7.9(0512)
12 6:81(0.332)
13 5.9(0.27)
14 7.-5(0.-10)
15 6.9(0.13)
16 7.4(0.15)
17 8.2(0.10)
18 7.5(0.48)
19 6.3(0.40)
20 5.3 (0=31:)
21 6.5(0.18)
22 7-9(0-05])
23 7-8: 0=17)
24 7.6(0.10)
25 7.0(0.08)
26 7.3(0.07)
20 7. H(0-11)
28 7-2(010)
29 6.6(0.10)
30 6.8(0.11)
S 6.8(0.11)

OO0 U; b WwWN -

OTU co

20.8(0.84)
17.2(0.98)
17.3(0.67)
18.0(0.73)
19.:8(0.95)
21-2(0-74)
27:6(2-87)
15-9(0-58)
14.1(0.67)
10 11.1(0.88)
11 15t0(0i4%)
19 16.6(0.65)
13 19PN
14 15.9(0.93)
15 16.2(0. 543
3 13.4(0.34)
17 15.1(0.45)
18 14.5(0.85)
for 19:2590)
20 19C2(8 =00}
51 18.5(0.62)
52 = 23.2i(0-om)
23 16.3(0.66)
24 15.6(0.44)
25 - 1523 (0=33)
26 1573 (0:5%)
27 19.5(0.98)
28 17.5/(0-41)
29 16.4(0.64)
30 " 18.6(0.51)
3 25.4(1.24)

WO~NOoOWUL B WwN -

NW

2.1(0.05)
1.9(0.03)
2.0(0.04)
2+ T(0-02)
2.4(0.03)
2.4(0.08)
2.4(0.04)
1.9(0.03)
2.0(0.03)
2. 1(0203)
2.1(0.03)
1.7(0.08)
12:9.(0-68)
2.0(0.03)
1.9(0.04)
2.0(0.03)
2.3(0.02)
2:0/(0-10)
1.7(0.11)
1.4(0.08)
1.8(0.03)
2.1(0.01)
2.1(0.05)
1.9(0.02)
1.8(0.02)
1.9(0.02)
1.2(0.02)
1.9(0.02)
1-9(0.02)
1.8(0.02)
1.9(0.03)

s02

11.5(1.33)
5.2(0.59)
7.4(0.66)
8.4(0.51)
8.5(1.04)
8.1 (6593)
-5 (0.67)
11.3(0.78)
12.6(0.76)
8.7(0.64)
12.3(1.36)
11.0(1.70)
13.4(1.14)
9:5(0:72)
15.9(0.70)
1327(0-73)
TLET(0-85)
313.91(0.-99)
E81:(1.37)
18.1(1_3%)
16.8(1.02)
13.3(0-68)
14.4(1.1e)
13.9(0.96)
13.7(0-F1)
15.9(0.64)
¥4:8(H  53)
17.9(0.65)
16.6(0.87)
13.9/(083)
19.7(1.43)

HL

16.2(0.37)
14.7(0.23)
45555:(01226))
16.5(0.15)
197.52:(0-43)
16.9(0.60)
16.4(0.36)
14.6(0.22)
14.7(0.19)
14.8(0.28)
14.9(0.20)
12, 7:(0720)
11.7.(0-59)
14.6(0.17)
13.9(0.25)
14.7(0.24)
16.0(0.15)
15.1(0.80)
11.9(0.73)
10.0(0.62)
13.0(0.27)
14.6(0.08)
15.1(0.30)
14.3(0.15)
13.4(0.11)
13. 7 (@-T)
13.4(0.15)
14.1(0.16)
13.3(0.15)
13.6(0.17)
12.9(0.14)

S0o3

11.6(0.53)
9.9(0.56)
10.5(0.65)
11.0(0.74)
THIE8 (1 o)
11.2(1.19)
14.9(0.91)
11.9(0.72)
12.8(0.51)
10.7(0.55)
12.0(0.87)
F13/(308)
12.0(0.83)
12.0(0.59)
14.9(0.96)
11.5(0.48)
11.5(0.76)
10.9(0.79)
11.6(0.82)
11.6(0.82)
13.1(0.84)
12.2(0.81)
12.2(0.81)
12.5(0.74)
14.1(0.55)
11.5(0.52)
12.2(0.46)
12.2(0.46)
12.1(0.83)
13.7(0.61)
15.8(1.04)

SVL

64.5(1.52)
58.1(0.73)
63.4(0.96)
67.5(0.70)
70.4(1.60)
71 61(2-70))
69.0(1.34)
60.3(1.14)
63.1(0.99)
60.8(0.89)
63.5(0.85)
58:1(3°29)
48.9(2.61)
62.3(1.03)
57.8(0.89)
61.8(1.08)
69.8(0.70)
63.5(3.68)
49.0(3.89)
41.0(3.22)
86.5(1.51)
64.7(0.49)
66.3(1.62)
62.1(0.84)
57.4(0.48)
59°1(0-69)
5950 (0.79)
60.9(0.76)
58.5(1.16)
59.0(0.91)
54.8(0.70)

G

10.7(0.33)
10.5(0.44)
10.8(0.36)
e (0.25)
9.5(0.29)
10.5(0.27)
11.5(0.45)
10.5(0.34)
10.7(0.24)
11.4(0.39)
9.6(0.19)
9.4(0.32)
9.4(0.20)
10.2(0.26)
9.1(0.22)
10.3(0.16)
10.0(0.17)
10.3(0.31)
10.3(0.29)
11.0(0.39)
13.0(0.12)
11.3(0.30)
10.9(0.38)
11.3(0.25)
12.5(0.28)
11.2(0.26)
12.3(0.37)
11.8(0.14)
11.6(0.31)
10.1(0.20)
11.6(0.29)

ow

2.0(0.10)
1.7(0.07)
1.8(0.06)
1.8(0.08)
1557 (0.28)
1.6(0.10)
1. 7(0-07)
1:6(0.11
1.5 (0-05)
155/(0205)
1 810 111)
1.2(0.06)
1.2(0.08)
1.5(0.07)
1.4(0.07)
1.0(0.09)
1-18(0-09)
1.0(0.15)
110, 12)
1.0(0.07)
1.3(0.07)
1.4(0.07)
1.6(0.11)
1.4(0.06)
1.3(0.04)
1.5(0508)
1.4(0.05)
1 330 267)
1.4(0.05)
1.0(0.05)
1.3(0.04)

BS

24.7(0.31)
25.2(0.25)
25.3(0.30)
25.6(0.24)
24.3(0.48)
24.8(0.27)
24.6(0.24)
25.3(0.39)
25.8(0.26)
25.8(0.31)
26.3(0.33)
24.1(0.23)
24.5(0.27)
24.2(0.24)
25.2(0.27)
24.5(0.20)
24.9(0.21)
Bat0. 23
25.3(0.29)
25.4(0.40)
27.2(0517)
25.6(0.15)
24.9(0.31)
26.6(0.22)
26.4(0.14)
26.2(0.16)
25.8(0.35)
28.1(0.17)
25.3(0.16)
25.6(0.18)
26.0(0.10)

LL

12.1(0.23)
12.1(0.19)
1256/ (058
12.1(0.08)
12.8(0.25)
12C05(016)
1251(0..16)
12.0(0.00)
12.0(0.00)
125 3(051.5)
11.9(0.08)
12.4(0.26)
12.1(0.07)
11.8(0.11)
1250(0.09)
12.1(0.18)
12 5(0516)
12 1(0::1:3)
11.6(0.22)
11.6(0.22)
11.8(0.25)
12.3(0.10)
11.9(0.15)
11561(0.17)
11.9(0.08)
I8LC 9 (0205)
12.2(0.11)
WL SS{0)5057))
11°9/(010)
12.2(0507)
12.1(0.21)

DS

Ccs UL

10.0(0.00) 14.3(0.19)
10.3(0.20) 14.9(0.30)
10.2(0.09) 14.9(0.15)
10.0(0.05) 1501 (02520)
10.0(0.00) 14.0(0.00)
10.2(0.12) 13.9(0.28)
10.2(0.12) 13.9(0.28)
10.1(0.08) 14.3(0.18)
10.0(0.00) 14.4(0.21)
10.0(0.00) 14.2(0.14)
10.0(0.00) 15.3(0.36)
L0 (0513) 13.9(0.13)
10.0(0.00) 14.3(0.13
9.9(0.18) 14.2(0.11)
10.3(0.14) 14.2(0.14)
10.3(0.16) 14.8(0.16)
10.5(0.19) 14.9(0.21)
10.6(0.38) 34.:3(0.31)
9.6(0.27) 14.1(0.18)
9.6(0.27) 14.1(0.18)
10.0(0.12) 14.7(0.22)
10.0(0.00) 14.6(0.22)
10.0(0.00) 14.0(0.00)
10.0(0.12) 14.2(0.18)
10.0(0.00) 14.5(0.11)
10.0(0.00) 14 231(012)
10.0(0.00) 14.3(0.18)
10.0(0.00) 14.4(0.12)
10.0(0.00) 14.2(0.15)
10.2(0.09) 15020 22)
979 (0716) 15.0(0:36)

B

66.6(1.49) 44.4(0.93)
66.9(0.81) 43.8(0.48)
66.8(2.05) 45.0(0.55)
65.4(1.02) 46.8(0.49)
61.5(1.85) 4505 (Es55)
63.0(0.82) 44.3(1.21)
61CSICICTS) 41.2(0.75)
59.6(0.97) 51.0(1.01)
55.5(0553) 48.4(0.54)
55.5(0.59) 42.9(0.42)
51.8(0.53) 44.3(0.48)
54.0(0.78) 46.5(1.05)
55.3(0.79) 47.6(0.96)
54.9(0.68) 48.9(1.00)
51.9(0.62) 50.5(0.41)
56.8(0.39) 48.8(0.42)
52.6(0.38) 49.8(0.54)
54.8(0.82) 50.5(0.85)
53.4(0.75) 41.7(0.92)
53.9(0.92) 43.7(0.63)
53.8(0.60) 44.8(0.62)
53.6(0.47) 43.0(0.49)
50.3(0.39) 43.2(0.64)
50.7(0.35) 41.8(0.28)
53.9(0.36) 41.6(0.31)
52.0(0.42) 45.6(0.38)
53.1(0.60) 44.1(0.53)
53.4(0.41) 44.0(0.31)
47.1(0.46) 43.2(0.46)
53.8(0.34) 42.5(0.52)
53.0(0.77) 43.1(0.62)
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series at midbody (DS). Because sexual
dimorphism was apparent in many of
these characters, and because males were
collected more frequently than females,
data only from males were used for the
analyses. Color and pattern variations
were not considered in this study due to
the difficulty of objectively quantifying
variations in these characteristics.

Clustering and Ordination
Procedures

Estimation of phenetic relationships
by clustering places OTUs in discrete
classes while ordination represents OTUs
in a multidimensional space where over-
lap on some axes may occur. Neither ap-
proach is necessarily superior for infra-
specific levels of analysis (Sneath and
Sokal, 1973:367-368; Soulé, 1967), so
both approaches have been used here.

Since some of the characters have lep-
tokurtotic distributions, a “nonparamet-
ric’” multidimensional scaling (MDS)
technique of ordination was used which
requires no more than ordinal relations
in the original similarity matrix (Shep-
hard, 1962). The chief advantage of MDS
over parametric multivariate procedures
is that nonlinear metric data, and even
ordinal data, are acceptable. The intent
of the method is simply to depict the in-
herent patterns of a similarity matrix in
a geometric picture with a minimum
number of dimensions while maintaining
a close agreement with the initial matrix
of similarity data.

Of all the clustering techniques avail-
able, those most frequently used in bio-
logical applications employ algorithms for
sequential, agglomerative, hierarchical,
and non-overlapping (SAHN) clustering
(Rohlf, 1970). Various criteria for linking
OTUs are used in different SAHN meth-
ods (e.g., single linkage, complete link-
age, etc.); a full discussion of these is
found in Sneath and Sokal (1973). A tech-
nique developed by Ward (1963) itera-
tively searches for the two OTUs which,
when clustered, results in a minimization
in the reduction of the sum of squares of
distances between clusters at each cycle,

thus giving rise to sharply defined clus-
ters (Everitt, 1974). This method, like
MDS, results in a minimization of an ob-
jective function (sum of squares between
sets), although dense clusters may be di-
vided into unacceptable partitions (Wish-
art, 1969). Because the goal of this study
was to describe the general patterns of
similarity among populations which may
not exhibit a hierarchical system of rela-
tionships, but rather, a reticulate pattern
(Soulé, 1967), Ward’s method was chosen
because of its tendency to give sharply
defined groups.

Due to the large number of populations
sampled, and the heterogeneity of sam-
ple sizes among the 513 adult male liz-
ards, the means for each of the 15 char-
acters in each of the 31 samples (Table 2)
were the population characters used for
analyses. Analyses of variance for each
character showed that significant geo-
graphic variation exists for all characters
at the 0.005 level of significance. The
means were standardized and a matrix of
taxonomic distances (D;;) was computed
from these standardized values. Cluster-
ing and ordination procedures were ap-
plied to this matrix of Dy; values.

RESULTS

Phenetic Similarity versus
Taxonomic Relationships

Although the matrix of Dj; values (Ta-
ble 3) is complex, comparisons between
species and among subspecies can be
made. The taxonomic distances tend to
corroborate taxonomic relationships pre-
viously derived from consideration of
coloration, size, and scalation at the
species level (Radovanovic, 1959). Some
overlap in D;; values occurs between
species, but the mean Dj; for interspecific
comparison is significantly larger than
the D;; within either species, and the
smallest D;; between species is larger
than a number of Dj; within each species
(Table 4).

Comparisons of Dj; values within and
between subspecies reveal both similar-
ities to, and departures from, the relation-
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TABLE 3. TAXONOMIC DISTANCES (Dj;) AMONG 31 OTUS BASED ON 15 CHARACTERS.

OTU i 2 3 4 5 6 7 8 C) 10

i 0.000

2 1.003 0.000

3 0.877 0.714 0.000

4 0.968 1.089 0.889 0.000

5 0.969 1.499 1.105 1.453 0.000

6 05995 1.307 1.122 1.301 0.766 0.000

¢ 2 1.113 1.684 1.606 1527 1.266 1.055 0.000

8 0.985 1.083 1.098 1.218 1.379 1.419 1.674 0.000

9 1.062 1.218 1.170 1.188 1.415 1.462 1.638 0.478 0.000

10 1.674 1.489 1.517 1.642 1.708 1.680 1.987 1.367 1.204 0.000
11 1.340 1.308 1.343 1.344 1.619 2.599 1.817 10170 0.868 1.322
12 1.523 1.387 1.459 1,935 1.638 1.783 2.017 1.039 1.182 1353
13 1.586 1.467 1.622 1.974 1.932 2.053 2.116 1.060 1.196 1.589
14 1.036 1.232 1.325 13355 1.349 1.452 1.581 0.581 0.649 1.322
15 1.519 1.634 1.669 1.873 1.745 155781 1.886 0.883 0.864 1.682
16 1.316 1.186 1.268 1.389 1.534 1.455 1.861 0.788 0.785 1.098
17 1.520 1.486 1.356 1.475 1.319 1.121 1.798 1.274 1.230 1.450
18 1.512 1.385 1.461 1.612 1.600 1.361 1917, 0.965 1.044 1.299
19 1.609 1.468 1.660 1.956 1.984 2.026 2.064 1.236 1.181 1.255
20 2.234 2.175 2.386 2.524 2.767 2.864 2.707 1.842 1,837 2.033
21 1.628 1.650 1.734 -1.553 2.202 2.086 1.958 1.299 1.076 TSNS
22 1.029 1.444 1.426 1.396 1.308 1.315 1.369 1.009 0.774 1.280
23 1.071 1.464 1.303 1.280 1.326 1.309 1.077 1.206 02979 1.480
24 1.378 1511 1.638 1.525 1.849 1.761 1.687 1.167 0.842 1.248
25 1.469 1.484 1.532 1.473 1.941 1.876 1.739 1.220 0.915 1.233
26 1.232 1.331 1.368 22370 1.680 1.659 1.787 0.813 0.558 1.196
27 1.194 1.291 1.262 1.278 1.607 1.549 1.702 1.051 0.969 1.236
28 1.538 1.638 1.622 1.532 1.996 1.895 1.922 1.268 0.976 1.415
29 1.443 1.557 l.644 1.661 1.869 1.866 1.833 13113 0.902 1.325
30 1.480 1.327 1.383 1.592 1.813 1.786 1.817 1.240 1.042 351
S 1.679 1.912 1.849 1.849 2.110 2.125 1.794 1.597 1.407 1.918

11 12 13 14 15 16 17 18 19 20

JHRE 0.000

12 1.588 0.000

13 1.543 0.609 0.000

14 1,112 1.080 1.145 0.000

15 1.313 1.106 1.041 1.030 0.000

16 0.998 1.109 1.204 0.853 0.989 0.000

217/ 1.218 1.630 1.857 1.326 1.404 0.889 0.000

18 1.343 1.249 1.454 1.140 1.068 0.615 0.794 0.000

19 1.455 0.787 0.730 1.243 1.268 o273 1.927 1.505 0.000

20 2.110 1.540 1.130 1.867 1.859 1.998 2.748 2.278 1.032 0.000
21 1.330 1.646 1.414 1.470 1.429 1.420 1.934 1.627 12196 1.446
22 1.051 1.325 1.451 0.798 1.202 1.085 1.358 1.248 L5231 1.962
23 1.060 1.507 1.500 1.181 1.288 1.289 1.409 1.492 1.427 2.055
24 1.010 1.499 1.462 1.091 1.315 1.267 1.710 1.459 12079 1.672
25 1.185 1.436 1.355 1.285 1319 1.281 1.781 1.549 0.994 1.549
26 0.933 1.180 25135 0.912 1.061 0.959 1.469 1.167 0.913 1.536
27 1.250 1.220 1.267 1.128 1.470 182 1.562 1.321 1.044 1.636
28 1.150 1.657 1.550 1.465 1.414 1.400 1.774 1.517 1.263 15713
29 1.217 1.149 1.084 1.065 1.146 1.158 1.703 15376 0.784 1.349
30 0.922 1.240 1.110 15297 1.129 1.025 1.477 AR 12073 1.695
3 1.483 1.707 1.420 1.685 1.411 1.647 2.026 13912 1.427 1.648

21 22 23 24 25 26 27 28 29! 30

21 0.000

22 1.302 0.000

23 1.195 0.888 0.000

24 0.866 0.742 1.042 0.000

25 0.612 1.055 0.984 0.670 0.000

26 0.794 0.730 1.013 0.583 0.733 0.000

27 1.004 0.903 1.040 0.935 0.976 0.621 0.000

28 0.616 l.161 1.120 0.715 0.765 0.663 0.925 0.000

29 0.846 0.781 1.103 0.704 0.736 0.541 0.774 0.949 0.000

30 1511t 1.264 0.968 1.143 0.914 1.010 1.210 1.161 1.032 0.000

31 1.016 1.501 0.948 1.367 1.059 1.271 1.383 1.206 1.194 0.962
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TABLE 4. MEAN D;; BETWEEN AND WITHIN P. sicula AND P. melisellensis (DIAGONAL) WITH RANGES
(LOWER NUMBERS). ABOVE DIAGONAL ARE STUDENT’S t SCORES FOR COMPARISONS BETWEEN MEAN DV,
DEGREES OF FREEDOM ARE IN PARENTHESES.

Between Species P. sicula P. melisellensis
Between 1.607 t=11.3* t=115*
Species .985-2.864 (187) (442)
P. sicula 1.158 t=.929
.714-1.684 (295)
P. melisellensis 1.229
478-2.748

*P <0001

ships implied by subspecific designa-
tions of traditional taxonomy. In P.
sicula, the range of D;; within P. s. cazzae
is greater than the range of D;; between
P. s. cazzae and the single island endem-
ic subspecies, P. s. pelagosae. Within P.
s. campestris, the range of Dy; is generally
larger than the range between this sub-
species and the other two subspecies
sampled in this study (Table 3). In P.
melisellensis, the range of D;; within P.
m. lissana is greater than the range of Dy,
between the three insular endemics P.
m. melisellensis (16), P. m. galvagnii (17),
and P. m. pomoensis (18). The lizards
from Ciovo (19—P. m. traguriana) appear
to be more closely related to those from
Bisevo and Vis (P. m. lissana) than are
other OTUs from within the latter sub-
species (Table 3). However, within P. m.
kornatica, taxonomic distances are quite
low (mean = 0.69) and homogeneous
(Table 3).

Cluster Analysis

The results of Ward’s hierarchical clus-
tering method are shown in Fig. 2. At
about the level of 3.0, four main group-
ings are apparent. Cluster A (Fig. 2) con-
tains all seven P. sicula OTUs, while B,
C, and D contain only P. melisellensis
OTUs. Cluster B includes only P. meli-
sellensis OTUs from the southern region,
and Cluster D contains only P. melisel-
lensis OTUs from the northern region,
with the single exception of OTU 11.
Cluster C contains four OTUs from large
islands in both regions. Within each of

these groups some remarkable linkages
occur.

Cluster A (P. sicula) has two main sub-
clusters, one including OTUs 1-4 from
southern islands, the other containing
northern island OTUs. OTUs 5 and 6
from large northern islands, grouped
closely while OTU 7, also in the northern
group, is from a small island.

The southern island P. melisellensis
(Cluster B) also has two subgroups. One
contains OTUs 8, 9, and 15 from relative-
ly large islands, and OTU 14, from an is-
land very near the southern large island,
Vis. The second subcluster contains
OTUs 16, 17, and 18 from the small is-
lands in the Svetac archipelago and OTU
10 from a small island in the Lastovo ar-
chipelago.

Cluster C contains four P. melisellensis
OTUs from large islands, two of which
are located in the southern region (12 and
13) and two (19 and 20) in the northern
region.

Three groupings exist within the north-
ern P. melisellensis OTUs (Cluster D,
Fig. 2). One group contains OTUs from
small, geographically close islands near
the southern end of the Kornati archipel-
ago (21, 25, 28). None of these islands is
considered to be part of the Kornati ar-
chipelago, as strictly defined by Yugoslav
geographers (Filipi, 1972). The second
group in this cluster comes from four
small islands in the Kornati islands (22,
24, 26, 27) and a small island nearer the
mainland (29). The third group in Cluster
D contains four OTUs from widely sep-
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F1G. 2—Phenogram of 31 samples of Podarcis based on Ward’s cluster analysis of taxonomic distances

derived from 15 character means.

arated geographic areas. OTU 11 from
the small southern island of Tajan is
linked with OTU 30 from a moderately
sized island near the southern tip of the
Kornati archipelago. Lizards from Vodeni
Puh (23), a small island on the seaward
side of the Kornati archipelago, linked
with OTU 31 from the small northern-
most island in the study area (Fig. 2).

In summary, clustering procedures re-
vealed the following general patterns:
the two species clustered separately, and
within each species the northern and
southern island OTUs formed distinct
subgroups. A less obvious but persistent
pattern which emerged was that the
OTUs from small islands within each re-
gion tended to cluster, while large island
OTUs formed distinct clusters or sub-
clusters. The same distance matrix was
subsequently subjected to UPGMA, com-

plete linkage, and centroid clustering al-
gorithms. Although these gave differing
results in sequence and group composi-
tion, the same general patterns emerged.
Cophenetic correlations between the ma-
trix of taxonomic distances and the phe-
nograms derived from the various clus-
tering schemes were not high, but quite
similar, ranging from 0.58 to 0.67. Addi-
tionally, a similar distance matrix based
on the same characters was computed for
the female means. The same general
patterns were clearly evident, although
three P. melisellensis OTUs formed a
separate subcluster of the group contain-
ing all the P. sicula OTUs.

Ordination

The ordinations of the OTUs on the
first three dimensions are shown in Fig.
3. The coefficient of alienation decreased
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F1G. 3.—Ordination of 31 samples of Podarcis by
multidimensional scaling. A. Plot of first two co-
ordinate axes. B. Plot of axes II and III, with the
results of cluster analysis superimposed on the or-
dination (dotted line).

abruptly from 0.309 with one dimension
to 0.049 with three dimensions; the de-
crease in this coefficient was negligible
after five dimensions had been comput-
ed. Thus, the patterns of the relationships
inherent in the D;; matrix were summa-
rized in the first five dimensions of MDS.
The first coordinate axis distributed the
OTUs roughly according to island size
and distance from the mainland (Fig. 3A).
The P. melisellensis from large islands
near the mainland (e.g., OTUs 19 and 20)
have low loadings on this axis while P.
sicula from large islands near the main-

land (e.g., OTUs 5 and 6) have high load-
ings. This axis also separates species,
except for overlap of OTUs of the two
species from small islands. The second
axis clearly distinguishes the OTUs of
the two species, and the third axis sepa-
rates the OTUs of the northern and south-
ern islands within each species (Fig. 3B).
The remaining axes did not reveal any
obvious overall patterns of similarity, al-
though many of the discrepancies be-
tween specific relationships identified in
the clustering procedure and those iden-
tified by MDS were resolved at these
higher dimensions. For example, the two
OTUs from Lastovo (8 and 9) have the
smallest taxonomic distance of all pairs
and were the first to combine in the clus-
tering, but they were further apart on the
first and second axes of MDS than many
pairs of OTUs which had larger D;; val-
ues and clustered quite separately from
one another (e.g., OTUs 17 and 22). The
fourth and fifth axes tend to bring the
Lastovo OTUs together and separate
@IEUsilfEan d¥ 22

The marked similarity of MDS and the
clustering procedure are shown in Fig.
3B where the results of the clustering are
superimposed on the MDS ordination.
The same major groups are clearly de-
fined. Thus, in spite of some minor dis-
crepancies, the results of the MDS ordi-
nation procedure were remarkably similar
to those of the clustering procedure.

DISCUSSION
Subspecies and Phenetic Similarity

The relative degree of variation of D,
values within P. melisellensis appears to
corroborate the distinctiveness of insular
isolates of this species implied by the
large number of described subspecies.
The much smaller variation in Dj; values
for P. sicula may be simply due to the
smaller number of populations sampled,
or may reflect less actual differentiation
of isolated populations of this species.
However, in both species there is little
agreement between relationships im-
plied by subspecific categories and those
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implied by taxonomic distances. A pos-
sible exception may be the lizard popu-
lations from islands in the Kornati archi-
pelago. Among the five island populations
belonging to P. m. kornatica, Dy; values
are small, although so are those between
OTUs belonging to this subspecies and
OTU 22 from Veli Puh, described as a
separate subspecies (P. m. thetidis) by
Radovanovic (1959).

The lack of agreement between the re-
lationships implied by subspecific no-
menclature versus those implied by taxo-
nomic distances, cluster analysis, and
MDS, may be attributable to the choice,
number, and weighting of different char-
acters. Radovanovic¢ (1959) employed
some of the same characters considered
here (HW, SVL, DS, BS, FP, GS), but, in
addition, included observations on col-
oration and dorsal pattern. Although col-
oration and dorsal pattern vary consider-
ably between species as well as among
populations within each species, consid-
erable variation in color and pattern also
occurs within populations (Gorman et al.,
1975; personal observation). It is clear
that Radovanovic¢ (1959) weighted these
characters heavily in his qualitative anal-
ysis of intraspecific variation of both
species, and in some cases described
new subspecies on the basis of very small
sample sizes not likely to include all col-
or variants that occur in local popula-
tions. Hence, small D;; values between
OTUs designated as different subspecies
may be due to general, overall genetic-
phenetic similarities detected by exami-
nation of a number of characters whose
variations are in turn determined by a
much larger number of genetic loci, de-
spite differences in color and pattern.
Likewise, large Dj; values between
OTUs within the same subspecies sug-
gests greater overall genetic and phenet-
ic variation despite similarities of color
and pattern.

Northern and Southern Regions:
Drift, Selection, or Gene Flow?

Despite the relatively small geograph-
ic area from which the samples were col-

lected (188 km separates the two most
distantly separated localities), two dis-
tinct groupings of OTUs in each species
were identified by both clustering and
MDS procedures. Assuming that the mor-
phological characters represent genetic
characteristics (albeit imperfectly) (Soulé
and Yang, 1973; Soulé et al., 1973), ge-
netic drift, selection, and gene flow are
the major processes presumed to be re-
sponsible for the development of such
patterns. Although it is obviously impos-
sible to determine the direct influence
each of these processes may have had in
the development of the northern and
southern groupings in this study, the rel-
ative importance of each of these is qual-
itatively assessed in order below.

For genetic drift to have played a major
role in the development of the two
groups of OTUs in each species, the ef-
fective sizes of populations must have
been small at some time during the his-
tory of each population, and either the
rate of gene flow between the northern
and southern region OTUs or the inten-
sities of similar selection pressures with-
in the two regions must have been low
enough to permit genetic drift to override
their effects (Wright, 1948). Given these
assumptions, the OTUs within each re-
gion would have to have random fixations
of genes with similar phenotypic expres-
sions, and different sets of similar genes
would have to be fixed in the two dif-
ferent regions in order to attribute simi-
larites within, and differences between
the two regional groups in each species
to genetic drift. Even if the probability of
random fixation of alleles for a given
phenome were quite high (e.g., 0.5), the
probability that the same phenome
would result in the eleven OTUs of
southern P. melisellensis is vanishingly
small (P = 0.5!!). However, genetic drift
may be responsible for much of the vari-
ation that exists among OTUs within
each region and within each species
(Gorman et al., 1975).

Genetic drift coincident with the col-
onization of these islands by a very small
number of propagules (i.e., “founder ef-
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fects,” Mayr, 1963) from two different
source populations could possibly ac-
count for the northern and southern phe-
netic groupings of these two species.
However, except for a few islands in this
study area, it is unlikely that many of
these insular populations were founded
by overwater dispersal of a few propa-
gules. Rapidly accumulating geological
data from this area show that the Adriatic
Sea is a basin on a continental shelf, di-
vided into northern and southern por-
tions by a shallow transverse ridge which
runs from Gargano, Italy (the “spur” on
the “boot” of Italy), through Palagruza
(1) and the Svetac archipelago to near
Split, Yugoslavia (Lort, 1977; Celet,
1977). The present coastlines of these ba-
sins are the net result of rapid local sub-
sidence (Celet, 1977; Filipi, 1972) and
eustatic increases in sea levels due to
melting of Pleistocene glaciers (Fair-
bridge, 1960; Emery and Garrison, 1967;
Milliman and Emery, 1968; Vail et al.,
1978). Since most of the islands in the
two regions of the study area are sur-
rounded by water less than 100 meters
deep, they were probably connected to
one another and the mainland during the
last glacial lowstand when sea levels
were about 130 meters lower than at
present (Fairbridge, 1960; Emery and
Garrison, 1967; Milliman and Emery,
1968; Vail et al., 1978). The last eustatic
rise in sea levels, and the continuing sub-
sidence of the area possibly due to re-
bound movements of the nearby degla-
ciated alpine areas (Walcott, 1972) have
resulted in a slow strangulation of moun-
tain ranges and peninsulas, isolating the
lizard populations inhabiting them. Thus,
there is not much evidence to support
overwater colonization and founder ef-
fects arising from small numbers of prop-
agules from two different source areas as
a genetic drift mechanism responsible for
the northern and southern groupings ob-
served in the data.

For selection to be considered a major
cause of the regionality, general differ-
ences between, but similarities within
the two regions must be established for

selection regimes. Although differences
undoubtedly exist between islands, only
a modicum of evidence exists which sup-
ports the idea of different regional selec-
tion regimes. Climatic data, for example,
show that average annual rainfall is 789
mm both at Sestrice, in the Kornati ar-
chipelago, and at Hvar, roughly near the
center of the southern portion of the
study area (Gvozdenovic, 1975). Like-
wise, mean January and July tempera-
tures are respectively, 7.1 C and 23.5 C
at Sestrice, and 8.4 C and 24.8 C at Hvar.
Annual precipitation is higher and the
range of temperatures is greater on is-
lands near the mountainous coast than
those more distant, but this should affect
islands at different locations within re-
gions and not lead to great inter-regional
differences (since samples came from
both distant and near islands in each re-
gion). Likewise, geological formations,
through their indirect influence on plant
and animal life, may play a substantial
role in determining different selection
regimes between islands, but with the
exception of a few southern islands
which have igneous soils and bedrock,
nearly all of the islands in both regions
have limestone substrates.

Although climatic and geological data
appear similar for the two regions, there
are some real differences in biotic param-
eters which may contribute to different
regional selection regimes. Plant species
diversity and biomass are greater in the
southern region than in the northern re-
gion of the study area. The islands of the
Kornati archipelago (147 islands = 69
km?) are inhabited by 150 plant species
while the large southern islands of Hvar
and Korcula (579 km?) are reported to
have 460 species of plants (Filipi, 1972).
Much of the difference between these
figures can be attributed to area-diversity
relationships (MacArthur and Wilson,
1967), yet even the small southern is-
lands appear to have a greater biomass
and species diversity than small northern
islands (Gvozdenovic, 1975; pers. obs.).
In addition to vegetational differences,
several of the southern islands (large and
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small) are occupied by Lacerta oxyceph-
ala, a species which appears to be re-
stricted to the rocky edges of islands
were it co-occurs with P. sicula or P. mel-
isellensis. It is clear that biotic differ-
ences exist between the two regions, but
extensive fieldwork will be necessary to
provide strong inference that these dif-
ferences represent different selection re-
gimes.

Despite the fact that the OTUs are all
separated by expanses of water which are
probably large relative to the overwater
dispersal abilities of these lizards, gene
flow may have played a significant role in
the evolution of the northern and south-
ern phenetic groupings. If for any reason
gene dispersal were restricted between
regions but not within regions, then any
neutral or selectively advantageous ge-
netic characteristic acquired by a popu-
lation in one region would be expected
to become widespread in that region by
gene flow, and contribute to phenetic dif-
ferentiation between regions due to a
lack of gene flow. The two-step formation
of the Adriatic Basin suggests the oppor-
tunity for such a series of events. As the
last Pleistocene glaciation ended, the
southern portion of the basin was already
below present day sea levels, so the ris-
ing sea level began to cut off land masses
from the mainland and from each other
by flooding connecting lowlands. Until
this time, gene flow among populations
on these upland areas was possible, at
least in principle. The northern portion
of the basin is believed to have subsided
below present sea levels only quite re-
cently. In fact, historical records indicate
the continuing rate of subsidence of this
area to be about one meter per millen-
nium; the present day islands of Kornat,
Katina, and Dugi Otok (Kornati archipel-
ago) were a single land mass about 2,000
years ago (Filipi, 1972). The channel sep-
arating these islands is now 2.2 meters
deep, and partially submerged ruins of
Roman architecture reaching across the
channel attest to the recency of the sub-
sidence. It seems likely that gene flow
among present insular populations in the

northern region was overland until quite
recently. The crude estimates of island
ages (Table 1) are based on channel
depths and the assumption of a linear rate
of eustatic increase in sea levels due to
glacial melting (110 years/meter) until
about 6,000 years ago when present sea
levels were attained (Fairbridge, 1960;
Emery and Garrison, 1967). Subsequent-
ly, subsidence and a slower eustatic rise
in sea level were assumed to have oc-
curred at a linear rate of 1,000 years/me-
ter (Redfield, 1967; Filipi, 1972). It is
clear even from these crude estimates of
island ages that the lizards of the north-
ern islands were capable of exchanging
genes much more recently than those of
the southern islands, and that while the
opportunity for gene flow existed within
the northern region, gene dispersal be-
tween regions could only occur overwa-
ter and at much lower rates.

Large Island Populations

Within each species the phenetic sim-
ilarities among OTUs from large islands
suggest that evolutionary forces act dif-
ferently on large islands than on small is-
lands. Since both species are found in a
wide variety of habitats, populations on
large islands are also undoubtedly quite
large; consequently, genetic drift is prob-
ably ineffective as an evolutionary force
promoting similarity of large island
OTUs. Gene flow among large islands
does not seem a likely explanation either,
particularly since the large island cluster
of P. melisellensis (Fig. 2) contains is-
lands from both the northern and south-
ern regions. Furthermore, overwater dis-
persal of lizards among islands should be
more affected by distance than by island
size (MacArthur and Wilson, 1967). Thus,
it is doubtful that gene low among large
islands has been a significant force lead-
ing to their phenetic similarity. Selection
regimes on large islands may be qualita-
tively quite similar, however. Large is-
lands in the Adriatic resemble mainland
areas in terms of habitat diversity, pres-
ence of humans, predators, and compet-
itors, while small islands generally lack
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these features. Due to these similarities
of large islands’ biotic features, selection
regimes on large islands are believed to
be largely stabilizing, and large island
OTUs should most closely resemble
mainland populations.

Phenetic Relationships within the
Southern and Northern Regions

Within each species and within each
region, the major evolutionary forces may
vary. Thus, for example, among the
southern P. melisellensis OTUs there ex-
ists an overall similarity which distin-
guishes them from northern OTUs, but
differences among OTUs within this re-
gion may be attributable to differences
between selection regimes, or to the dif-
ferent likelihood of genetic drift on large
and small islands within the region. Like-
wise, close similarity among several
OTUs within a region may be due to re-
cent elimination of gene flow among
them by a small net increase in sea level.
Some evidence exists to support all of
these modes of evolution, but because of
their complex interactions, they will be
treated in detail elsewhere.

The Time-Divergence Theory of
Insular Evolution

The phenetic relationships discussed
in this paper may be compared to the ge-
netic relationships described for some of
these OTUs by Gorman et al. (1975). Al-
though they only examined lizards from
the southern islands (and some mainland
P. sicula), they found that OTUs from
small islands fringing larger islands in an
archipelago closely resembled the OTUs
from the larger island of the group, sug-
gesting that gene flow prior to isolation
was at least partially responsible for ge-
netic similarities. However, examination
of particular loci led these authors to con-
clude that a major portion of the geo-
graphic variation in gene frequencies
was the result of selection, and only
for three loci was genetic drift likely to
have been a significant force. Their re-
sults were interpreted as supporting the

“time-divergence theory of variation”
(Soulé and Yang, 1973) which states that
evolutionary rates in island lizard popu-
lations are inversely proportional to is-
land size, the unique environments of
small islands resulting in strong direc-
tional selection pressures and a corre-
sponding erosion of genetic variation. On
small islands, lacking predators, compet-
itors, and habitat diversity, lizard popu-
lations reach extremely high densities
and experience conditions quite unlike
those experienced by lizards on larger is-
lands and the mainland. Strong direction-
al selection is likely to be a dominant
force determining genetic and phenetic
characteristics on small islands.

The theory predicts that populations
on large islands, young small islands, and
old small islands should be increasingly
dissimilar to the mainland populations.
Although samples of both species from
mainland areas are needed to “test” this
prediction, the data from island popula-
tions are consistent with the theory.
OTUs from the young, (northern) small
islands are more homogeneous and tend
to be less dissimilar to the large island
OTUs (12, 13, 19, 20) than the older
(southern) OTUs from small islands. This
suggests that the populations on small
northern islands have not yet responded
to small island selection regimes to the
same extent as the southern small island
populations have. However, additional
evidence from other island systems and
species is needed to rigorously test this
hypothesis.
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