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Ecology of the Balkan Wall Lizard, Podarcis taurica ionica 
(Sauria: Lacertidae) from Greece 

B. P. CHONDROPOULOS AND J. J. LYKAKIS 

Podarcis taurica ionica is the dominant lizard species on most Ionian islands 
and is abundant in the western Greek mainland. Population densities range 
between 82 and 365 lizards/ha. The species occupies primarily habitats with low 
vegetation and is characterized by a high degree of seasonal color adaptation to 
its environment as well as by poor climbing ability in comparison with other 
Wall Lizards of the Balkans. 

Daily activity is bimodal during the largest part of the annual activity period. 
Many individuals (27.78-57.14%) show broken tails but both interpopulation 
and intersexual differences of injury frequencies are not significant. Hibernation 
usually lasts from early Nov. to late Feb. or early March. Most copulations are 
observed from early April to early May. Females with oviductal and/or large 
ovarian eggs are present mainly from mid April to mid July, but the peak of 
gestation occurs from mid May to mid June. Normally there are two clutches 
per season. The first oviposition occurs from mid May to early June and the 
second one from mid June to mid July. Hatching usually takes place from mid 
July or early Aug. to early Sept., after an incubation period of about 8-9 weeks. 
Sex ratio is usually near 1:1, and observed deviations are not significant. Re- 
productive maturity in females is attained at an approximate snout-vent length 
(SVL) of 52-56 mm, which corresponds to an age of 18-20 months. Clutch size 
ranges from 2 to 10 eggs (usually from 3 to 5 eggs), and is significantly larger 
in mainland populations. There is a positive correlation between SVL and clutch 
size in most populations studied. Oviductal egg size and mass differ significantly 
among the populations examined but are not correlated to SVL. The ratio of 
egg to body mass differs significantly among some of the studied populations, 
but there are no differences of relative clutch mass (RCM). 

THE Balkan wall lizard Podarcis taurica is 
distributed in Hungary, the largest part 

of the Balkan Peninsula, Crimea (in the Black 
Sea coasts of USSR) and a few localities on the 
coasts of NW Asia Minor. It is believed that this 
lizard originated in the S Russian steppes and 
then dispersed westwards (Cyren, 1941). Three 
subspecies are known all over the species range 
(Fuhn and Vancea, 1961) and all of them live 
in Greece as well (Ondrias, 1968). P. taurica 
ionica is found in the west part of the Greek 
mainland and Ionian islands (all large ones ex- 
cept Lefkada) and in Albania. 

The Old World lizard genera Podarcis and 
Lacerta (Lacertidae) are considered to be eco- 
logically equivalent to the New World genus 
Cnemidophorus (Teiidae) (Stamps, 1977). Var- 
ious aspects of life history of P. t. taurica are 
known from previous works (Schreiber, 1912; 
Lantz and Cyren, 1948; Kabisch and Engel- 
mann, 1970; Cruce and Leonte, 1973; Cruce, 

1977) but none of them concerns Greek ma- 
terial. To our knowledge, studies concerning 
the biology and ecology of P. t. ionica are absent 
up to now. Since 1977 we have been studying 
the biology, ecology and taxonomy of this liz- 
ard. As we noted in a previous work (Chondro- 
poulos and Lykakis, 1978) P. t. ionica is the dom- 
inant species among lizards of the Ionian Islands. 

In this paper we present data on population 
density, tail-break frequency, sex ratio, and 
habitat type, as well as on diurnal and seasonal 
activity patterns. We also give information for 
age at maturity, number of clutches per season, 
clutch size, egg size, egg size relative to female 
size and relative clutch mass. The importance 
of these reproductive variables in interpreting 
species and population adaptations of various 
lizards is well known (Tinkle, 1969; Tinkle et 
al., 1970; Vitt, 1977). However, relatively little 
information is available on intraspecific varia- 
tion of these variables in Old World lizards. 
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Fig. 1. Map showing the collection sites of Podarcis 
taurica ionica within each study area. 

METHODS AND STUDY AREAS 

The data are based on 308 specimens which 
were collected and preserved and an additional 
130 individuals that were observed but not col- 
lected. Field work was performed from March 
to Nov. of 1977-1979 at collection sites shown 
in Fig. 1. The material came mostly from low- 
land populations (altitudes < 100 m), and only 
a few individuals from Epirus belonged to a 
montane population. The animals were kept 
alive in the laboratory for short periods before 
preservation. 

For each lizard snout-vent length (SVL) and 
total body mass were measured. All females were 
examined for tail condition, sex and reproduc- 
tive condition. For each gravid female the total 
number of oviductal and/or large ovarian eggs 
(diameter >3 mm) was counted, and the di- 
mensions and mass of each oviductal egg were 
measured. Linear measurements were taken to 
the nearest 0.1 mm; body and egg mass to the 
nearest 0.1 and 0.001 g, respectively. In females 

which did not bear oviductal eggs, we searched 
for external and/or internal marks of recent 
oviposition, i.e., loose skin on flanks, widened 
oviducts, and corpora lutea on ovaries. The es- 
timation of clutch size was made separately for 
oviductal, large ovarian and both types of eggs. 
Relative clutch mass (RCM) was expressed as 
the ratio of oviductal clutch mass to the total 
body mass (Vitt and Congdon, 1978). 

Population density was estimated by making 
transects through the habitat, recording dis- 
tances covered with a leg pedometer. The ef- 
fective width of the transects was about 5 m. 
The total number of lizards observed on a study 
site was divided by the total surface of the site 
(i.e., meters walked multiplied by the width of 
the transect) and the result was expressed as 
number of lizards per hectare (Pianka, 1970). 
These density estimations as well as observa- 
tions on diurnal activity pattern were per- 
formed during the peak activity period (mid 
April-late June). 

RESULTS AND DISCUSSION 

Habitat and adaptations. -The lizard P. t. ionica 
lives mainly in open lowland areas with short 
grass-forb-shrub vegetation. We identified the 
following dominant plant taxa: Inula sp., Ca- 
lendula sp., Chrysanthemum sp., Daucus carota, 
Euphorbia sp. and Trifolium sp. This lizard also 
lives in olive groves, cultivated areas, gardens, 
as well as in road sides, brambles and fences. 
Sometimes we found it on stream banks or sandy 
places near the sea shore having halophytic 
vegetation. In general, any place with a little 
vegetation even in habitated sites could be suit- 
able for this lizard. Similar biotopes are re- 
ferred by other authors for P. t. taurica (Kabisch 
and Engelmann, 1970). Montane populations of 
P. t. ionica occur in Epirus and Peloponnese. In 
comparison to other wall lizards of the Balkan 
Peninsula (e.g., Podarcis erhardii, Podarcis pelo- 
ponnesiaca, Podarcis melisellensis and Podarcis 
muralis) P. taurica is more closely associated with 
low vegetation and its climbing ability is con- 
siderably reduced (Klemmer, 1975; Arnold et 
al., 1978). Our observations on P. t. ionica con- 
firm these ecological associations. 

This lizard shows a high degree of seasonal 
color match with its environment. All individ- 
uals of each population possess the same color, 
although the color changes from season to sea- 
son. The basic dorsal color is bright grass-green 
in spring and early summer and becomes dark 
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TABLE 1. POPULATION DENSITIES OF Podarcis taurica 
iowica. Estimations are based on the total number of 
lizards which were caught or observed during the 

period of maximum daily and seasonal activity. 

Total 
Number number 

of of Mean density (range) 
Study area samples lizards in lizards/ha 

Zakynthos 4 98 222.25 (180.82-365.27) 
Kefalonia 5 60 185.80(133.18-280.75) 
Ithaki 3 31 118.33 (82.10-148.81) 
Kerkyra 4 89 247.50 (186.16-356.30) 
W. Pelopon- 

nese 5 62 205.33 (179.07-252.91) 
Epirus 3 34 165.00(108.42-253.11) 

or olive green to brown or olive brown towards 
the autumn. In general, the green of lizards 
exists as long as the habitat remains green. This 
seasonal color change is strongly associated with 
the character of vegetation. For example, on 
Ithaki Island where the vegetation is of more 
xeric character in comparison to other areas 
studied, the skin color is generally less green 
and less bright during all seasons. Lantz and 
Cyren (1948) found similar color adaptation in 
P. t. taurica of Crimea. 

Abundance.-Population density of P. t. ionica is 
relatively high and varies from island to island 
or from one continental area to another (Table 
1). Differences among all samples examined are 
not statistically significant (F,,18 = 1.80, P > 0.1), 
but Ithaki Island values are usually smaller. The 
absence on this island of any particular preda- 
tion pressure or competition with other lizard 
species (since no other wall lizard lives there) 
implies that the low density of the population 
may be attributed to low productivity due to the 
xeric character of Ithaki Island. Cruce and 
Leonte (1973) mentioned a much lower density 
for a population in Romania, 45.4 animals/ha, 
and Cruce (1977) reported a value of 100 ani- 
mals/ha as an average density of another Ro- 
manian population. For Podarcis sicula, which is 
an ecologically equivalent species, Verbeek 
(1972) found that in an island population, den- 
sity reaches levels up to 400-800 animals/ha. 
This value is much higher than those of P. t. 
ionica, but in exceptionally favorable microhab- 
itats the population density of this lizard may 
attain values of even 500 animals/ha. 

Diurnal activity.--P. t. ionica shows a clear bi- 
modal daily activity pattern, especially during 

TABLE 2. DAILY ACTIVITY PATTERN OF Podarcis taur- 
ica ionica. Numbers of lizards observed during three 

days in three different study sites. 

Study site and date 

W. Pelo- 
Zakynthos Kerkyra ponnese 
(Vanato) (Alykes) (Kyllini) 

Hour of day 16-5-79 22-6-79 25-5-78 

Before 0800 
0800-0900 2 1 
0900-1000 6 9 5 
1000-1100 16 18 10 
1100-1200 15 18 21 
1200-1300 10 10 12 
1300-1400 3 5 8 
1400-1600 
1600-1700 2 5 5 
1700-1800 11 14 12 
1800-1900 11 10 12 
1900-2000 2 5 6 
After 2000 - 1 

the period from the middle of April to the end 
of Sept. (Table 2). Two or more hours after 
sunrise lizards emerge from their nocturnal 
shelters. The exact time depends on season, 
weather conditions and habitat characteristics 
(orientation, microclimatic conditions, etc.). 
Each individual selects a convenient basking site 
(e.g., on ground without vegetation, on small 
rocks or wood pieces) where it orients itself for 
maximum absorption of sunlight. This warm- 
ing-up period lasts for one hour or more de- 
pending on the factors mentioned above. Af- 
terwards, lizards begin to search for food, 
moving through the vegetation. Peak activity 
occurs at 1000-1200 h. After 1230 h the num- 
ber of individuals is reduced rather sharply and 
by 1330 h all animals have disappeared. This 
retiring period lasts for about two hours, and a 
second peak of activity occurs at 1700-1830 h. 
Since the number of animals which can be ob- 
served during the afternoon peak is usually 
smaller than that of the morning one, a number 
of individuals evidently take food only during 
the morning activity phase and spend the rest 
of the day in their refuges. About one hour 
before sunset all animals disappear. In early 
spring and late autumn daily activity is confined 
between late morning and mid-afternoon. Sim- 
ilar daily activity cycles strongly influenced by 
weather conditions were reported by Avery 
(1978) for P. muralis in Central Italy. In general, 
many diurnal heliothermic lizards show similar 
activity patterns which are determined by cli- 
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TABLE 3. NUMBERS AND PERCENTAGES OF LIZARDS WITH BROKEN AND REGENERATED TAILS. 

Males Females 

Broken Broken 
Study area N tails % N tails % 

Zakynthos 43 19 44.19 39 15 38.46 
Kefalonia 45 22 48.89 35 20 57.14 
Ithaki 18 5 27.78 18 6 33.33 
Kerkyra 20 11 55.00 31 14 45.16 

Island subtotal 126 57 45.24 123 55 44.72 
W. Peloponnese 15 6 40.00 15 7 46.37 
Epirus 15 6 40.00 14 5 35.71 

Mainland subtotal 30 12 40.00 29 12 41.38 
Overall total 156 69 44.23 152 67 44.08 

mate and weather conditions 
Busack, 1976; Mitchell, 1979). 

(Pianka, 1970; 

Broken tails.-Like other lacertids P. t. ionica 
exhibits tail autotomy to escape potential pre- 
dation. A large number of the collected animals 
were found with broken and regenerated tails 
(Table 3). Both interpopulational and intersex- 
ual differences are not significant (X2-test gives 
in all cases P > 0.05), but the Ithaki Island pop- 
ulation shows the lowest values. This could be 
explained by Pianka's hypothesis (1970) ac- 
cording to which tail loss frequency of lizards 
is correlated directly to predator abundance and 
indirectly to the primary productivity of the 
community. Indeed, Ithaki Island is undoubt- 
edly the driest and hence the least productive 
among study areas. In contrast, Kerkyra Island 
is the wettest, most productive area and its liz- 
ard population shows a high value of tail loss. 
Other workers suggest that different tail-break 
frequencies may be attributed to differences in 
longevity (when species are compared) or com- 
munity structure (when populations of the same 
species are compared) (Tinkle and Ballinger, 
1972; Vitt et al., 1977). Differences of com- 
munity structure may affect the nature and in- 
tensity of predation, thereby causing different 
tail-break frequencies among intraspecific pop- 
ulations. Schoener's results (1979) suggest that 
if predation is the major source of mortality, 
then the lesser the predation intensity the great- 
er the tail-break frequency. However, our data 
are insufficient so far to support any.of the above 
hypotheses. 

The absence of any significant sexual differ- 
ence in tail-breaks of P. t. ionica may suggest 
that tail autotomy of this lizard is used by both 

sexes for escaping predator attacks and are not 
attributed to intraspecific fights (usually be- 
tween males). On the other hand, interpopu- 
lational homogeneity probably reflects the lack 
of any considerable environmental differences 
among study areas. Fig. 2 shows higher tail- 
break frequencies in larger (hence older) indi- 
viduals of both sexes. This can be explained by 
the increased probability of the older individ- 
uals to encounter a predator. 

Timing of reproduction .-On the average hiber- 
nation lasts from early Nov. to late Feb. or early 
March. It was observed that the length of this 
period is strongly influenced by climate or 
weather conditions prevailing in each area dur- 
ing a given year. Thus, it is shorter for popu- 
lations of SW Peloponnese and longer for mon- 
tane populations of Epirus, while the differences 
among all other populations examined are very 
small. The reproductive period begins near the 
end of March. Most copulations were observed 
from early April to early May but some sporadic 
ones took place until late June. Gravid females 
with oviductal and/or large ovarian eggs were 
collected mainly from the middle of April to 
the middle ofJuly, but the peak of the gestation 
period occurs from the middle of May to the 
middle of June (Table 4). In several cases we 
found gravid females outside of this period and 
this fact implies that there is no strict synchro- 
nization of reproductive cycles for all females 
of each population. From several females which 
were caught in spring and laid their eggs in the 
laboratory it is concluded that gestation lasts 4- 
6 weeks. 

A total of 152 females were examined of which 
101 individuals were found carrying oviductal 
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Fig. 2. Composition, sexual dimorphism, and relative tail breaks in the samples of Podarcis taurica jonica 
from all study areas. White circles and columns concern males while dark ones females. 

TABLE 4. SEASONAL DISTRIBUTION OF GRAVID FEMALES OF Podarcis taurica jolica IN EACH STUDY AREA. Letter 
exponents characterize data as below: a = total number of females in the sample, b = gravid females as 
percentage of total number of females in the sample, c = gravid females with oviductal eggs, d = gravid 
females with large ovarian eggs (in many of them corpora lutea coexist), and e = gravid females with both 
oviductal and large ovarian eggs. Data indicated by c, d, and e are given as percentages of the number of 

gravid females. 

Mid-late Early-mid Late July- Early-mid 
Study area Late March Late April May June Late June Mid July early August September 

Zakynthos 14a, 85.7b 17a, 94. l 5a, 200"b 3a, - 

33.3, 41.7" 68.8c, 25.0d 100.0', - 

25.0e 6.2e 

Kefalonia 7%, 85.7b 10, 90.0b 10 a,60.Ob 8a, 25.0b 

33.3c, 50.0d 33.3', 55.6d 80.0c, 20.Od 100.0c,- 
16.7e1 1. - - 

Ithaki 12a, 83.3" 6', 16.6" 
30.0', 70 0d 100.0c, - 

Kerkyra 18a, 94.4" 13b, 76.9b 

47.1c, 47)1d 70.0c, 30.0" 
5.8e 

W. Pelo- 3a, 
I 
00.0b 5a , 40 

Ob 
7a, 14.3 

b 

ponnese 66.7', 33.3d 50.0c, 50.0" 100.0c, - 

5a, 100.0" 
60.0c, 40 od 

Epirus 

This content downloaded from 129.128.216.34 on Fri, 30 Aug 2013 04:46:39 AM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


COPEIA, 1983, NO. 4 

and/or large ovarian eggs, and ten individuals 
had no eggs but had external and/or internal 
marks of recent oviposition (loose skin on flanks, 
widened oviducts and corpora lutea in ovaries). 
In addition, 33 mature females (SVL - 52 mm, 
see below) possessed neither eggs nor the above 
marks. The remaining eight individuals were 
immature (SVL < 50 mm). The seasonal dis- 
tribution of gravid females caught is shown in 
Table 4. 

In the case of multiple clutches per season 
(see below) the first egg deposition usually oc- 
curs from the middle of May to early June and 
the second one from the middle of June to the 
middle of July. In the southern part of the range 
of P. t. ionica the period of oviposition is gen- 
erally more extensive (see below). For P. t. taur- 
ica Fuhn and Vancea (1961) and Lantz and Cy- 
ren (1948) reported that in Romania and South 
Crimea, respectively, egg deposition occurs in 
May. 

Hatching and appearance of young usually 
occurs from midJuly or early Aug. to early Sept. 
This indicates that in lowland areas embryos 
complete their development in about 8-9 weeks 
at a mean daily air temperature of 18.3-26.0 
C. For montane populations this period is pre- 
sumably longer. In Romania, hatchlings of P. t. 
taurica appear in Sept. (Fuhn and Vancea, 1961), 
while in South Crimea in lateJuly or early Aug. 
(Lantz and Cyren, 1948). The more or less 
shorter period of egg incubation in Greek pop- 
ulations of P. t. ionica may be explained by the 
warmer climate of Greece in comparison to that 
of Romania and Crimea. 

Such an extensive breeding season which cov- 
ers most of the annual activity period appears 
to characterize all Lacertidae inhabiting the 
temperate zone (Fitch, 1970). 

Sex ratios.-With the exception of the Kerkyra 
Island population, all other populations studied 
show a sex ratio of 1:1 or slightly deviated to- 
ward the males (Table 5). However, all these 
deviations from the 1:1 ratio are not significant 
(X2-test, P > 0.05). 

In other works concerning P. t. taurica (Cruce, 
1977) and Cnemidophorus sp. (Pianka, 1970; 
Schall, 1978) a temporary deviation towards 
males during the summer was noted which was 
attributed to cryptic behavior of females until 
the egg deposition. Deviation towards females 
during the second half of the activity period 
was reported for a montane population of Cne- 
midophorus tigris multiscutatus (Goldberg, 1976). 

TABLE 5. SEX RATIOS AMONG POPULATIONS OF Po- 
darcis taurica ionica. 

Total number 
Study area of lizards Males/females 

Zakynthos 82 1.10 
Kefalonia 80 1.29 
Ithaki 36 1.00 
Kerkyra 51 0.65 

Island subtotal 249 1.02 
W. Peloponnese 30 1.00 
Epirus 29 1.07 

Mainland subtotal 59 1.03 
Overall total 308 1.03 

Our findings for the lizard P. t. ionica differ 
because the sex ratio was near 1:1 for the ma- 
jority of populations regardless of the sampling 
season. The slight deviation towards males may 
be attributed to a higher activity of males in 
searching for food. 

Body size and age at maturity.-Females of P. t. 
ionica are mature at an approximate SVL of 52- 
56 mm, and according to our crude estimations 
(SVL measurements of hatchlings,juveniles and 
adults at different seasons) this length is usually 
aquired at an age of 18-20 months. The small- 
est reproductive female had SVL = 52.2 mm 
and contained two large ovarian eggs. Thus, 
females are capable of reproduction after their 
second hibernation. Earlier maturation is prob- 
able for animals living in favorable areas and 
born early in the reproductive period. These 
animals may reach maturity before their second 
hibernation. Cruce (1977) found that P. t. taur- 
ica reaches maturity at an age of 22 months. 
Among other lacertids Podarcis muralis and La- 
certa viridis in Central France attain maturity at 
an age of four and three years, respectively (Rol- 
linat, 1897, 1900), Lacerta vivipara in Britain at 
an age of three years (Avery, 1975), while in 
Romania of three years or more (Fuhn and Van- 
cea, 1961). 

When females of P. t. ionica reach reproduc- 
tive maturity their body size is approximately 
equal to two thirds of the maximum body size 
of females in each population: it was found that 
the ratio of minimum gravid female SVL to 
maximum SVL of females in our study ranges 
between 0.696 to 0.785. 

Number of clutches per season.-Seven females 
possessed both oviductal and large ovarian eggs 
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TABLE 6. CLUTCH SIZE STATISTICS. Estimations are based on counts of oviductal and large ovarian eggs, or 
both. N indicates the number of clutches examined. 

Oviductal eggs Ovarian eggs Oviductal and ovarian eggs 

Study area N x + SE (range) N x + SE (range) N x + SE (range) 

Zakynthos 20 3.6 + 0.2 (2-5) 13 3.6 + 0.6 (2-10) 33 3.6 + 0.3 (2-10) 
Kefalonia 13 3.6 + 0.3 (2-7) 12 3.5 + 0.3 (2-5) 25 3.6 + 0.2 (2-7) 
Ithaki 4 3.8 + 0.3 (3-4) 7 3.9 + 0.5 (2-6) 11 3.8 + 0.3 (2-6) 
Kerkyra 16 4.3 + 0.4 (2-8) 12 4.4 + 0.2 (4-6) 28 4.3 + 0.2 (2-8) 

Island subtotal 53 3.8 ? 0.2 (2-8) 44 3.8 + 0.2 (2-10) 97 3.8 ? 0.1 (2-10) 
W. Peloponnese 4 6.5 ? 1.5 (4-10) 2 4.5 (4-5) 6 5.8 + 1.0 (4-10) 
Epirus 3 4.3 + 0.7 (3-5) 2 5.0 (4-6) 5 4.6 + 0.5 (3-6) 

Mainland subtotal 7 5.6 + 0.9 (3-10) 4 4.8 + 0.5 (4-6) 11 5.3 + 0.6 (3-10) 
Overall total 60 4.0 + 0.2 (2-10) 48 3.9 + 0.2 (2-10) 108 4.0 + 0.1 (2-10) 

while 18 possessed both ovarian eggs and cor- 
pora lutea, indicating that at least a percentage 
of females lay more than one clutch per season 
(Table 4). We suppose that two clutches per 
season is the rule for most populations of P. t. 
ionica. In SW Peloponnese three clutches per 
season may be produced. This conclusion comes 
from the following observation. Three females 
caught at the end of March in SW Peloponnese 
were found to be gravid. Two of them carried 
eight and ten oviductal eggs, respectively, and 
the third one four very large ovarian eggs. Such 
early gestation allows enough time for two ad- 
ditional ovipositions during the same repro- 
ductive period. In the Epirus montane popu- 
lation one clutch per season is presumably 
typical. These differences might be explained 
by different lengths of activity periods which 
are determined by climatic conditions. McCoy 
and Hoddenbach (1966) and Pianka (1970) 
found a comparable geographic variation of 
clutch number for Cnemidophorus tigris, i.e., one 
clutch in the north and at least two clutches in 
the south of its range. Multiple clutches have 
been reported for other lacertids: Lacerta agilis 
lays two clutches (Smith, 1951), Podarcis muralis 
2-3 clutches (Cooper, 1958; Fuhn and Vancea, 
1961) and Lacerta viridis 1-2 clutches in nature 
(Porter, 1972), two clutches in captivity (White, 
1957). 

For several species of Cnemidophorus Porter 
(1972), Goldberg (1976) and other authors re- 
ported two or more clutches per season. 

Clutch size.--Analysis of clutch size is based on 
the number of oviductal and ovarian eggs sep- 
arately as well as on the number of both types 
of eggs (Table 6). The three separate estima- 

tions of clutch size do not differ significantly 
(t-test, P > 0.05), and hereafter for compari- 
sons we use the results of estimations which are 
based on both types of eggs. On the average 
each female lays four eggs per clutch, with a 
range of 2-10 and more frequently 3-5 eggs 
per clutch (Fig. 3). 

Schreiber (1912) found three eggs in the 
unique female of P. t. taurica that he examined. 
There is a highly significant difference in clutch 
size among study areas (F5 102 = 3.81, P < 0.005) 
because of higher values in continental mate- 
rial. Indeed, the mean island clutch size differs 
significantly from the continental one (t = 3.24, 
P < 0.01), while clutch size differences among 
island populations are not significant (F3,93 = 

2.15, P > 0.05). Clutch size of the SW Pelo- 
ponnese population is significantly larger than 
that of other areas (t-test, P < 0.01). This may 
be attributed to the large body size of the in- 
dividuals of this population, a character which 
is known from an earlier study (Cyren, 1941). 
In each study area a positive correlation be- 
tween SVL and clutch size was found. This cor- 
relation is significant (P < 0.05) in all areas ex- 
cept Kerkyra island and Epirus (P > 0.1). The 
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Fig. 3. Clutch size frequency (%) in females of 
Podarcis taurica ionica from each study area. 
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Fig. 4. Correlation of clutch size (number of ovi- 
ductal or large ovarian eggs) and SVL in females of 
Podarcis taurica ionica from Zakynthos, Kefalonia, 
Ithaki and W Peloponnese. Circled numbers indicate 
frequency of females. Regression, correlation coeffi- 
cient and significance level are given. 

SVL-clutch size correlation is illustrated in Fig. 
4 in which data of the Zakynthos, Kefalonia, 
Ithaki and W Peloponnese populations are com- 
bined. For island populations, clutch size in- 
creases slightly with latitude, but an inverse re- 
lation seems to exist for mainland populations. 
A more detailed study is needed to clarify the 
correlation of clutch size to latitude in this liz- 
ard. Clutch size increases with latitude in Cne- 
midophorus tigris (Fitch, 1970; Pianka, 1970), but 
in other lizard and snake species the reverse 
relation is true (Fitch, 1970). 

In females with both oviductal and large ovar- 
ian eggs we compared the two successive clutch 
sizes. In four females from the Zakynthos pop- 
ulation the average size was 31/4 eggs for the 
first clutch and 41/4 eggs for the second one. In 
two females from Kefalonia the respective val- 
ues were 3 and 31/2 eggs. In one female from 
Kerkyra the corresponding numbers were 4 
and 6. 

Because of the very limited sample, we cannot 
suggest any certain difference among clutches 
of P. t. ionica. Comparable differences and other 
data on reproduction of a number of North 
American lizards are summarized by Vitt (1977). 

Dimensions and mass of oviductal eggs.-Means of 
length, width and mass of oviductal eggs, as well 
as means of female SVL and mass for each study 
area are presented in Table 7. Interpopulation- 
al differences for each of these characteristics 
are statistically significant (F-test, P < 0.05). The 
eggs of Kerkyra island and Epirus populations 
are larger than those of other areas, but as al- 
ready mentioned for clutch size, we cannot sug- 

gest any certain correlation between egg size 
and latitude. No significant correlation was 
found between egg size and SVL (P > 0.05) for 
all study areas. Therefore, we conclude that 
increase of SVL is associated with an increase 
of clutch size but not of egg size. The ratio of 
egg mass to body mass (without clutch) differs 
significantly between W Peloponnese and all is- 
land populations, and between Ithaki and Ker- 
kyra populations (H-test, P < 0.05). 

Relative clutch mass (RCM). -This life history pa- 
rameter has been used as a measure of repro- 
ductive output. Vitt and Congdon (1978) found 
that RCM (clutch/body, in mass or calories) is 
related to strategies of foraging and predator 
escape, and two classes of lizards are distin- 
guished. Lizards of the first category have com- 
pact body, slow movement, cryptic behavior and 
are "sit-and-wait" foragers (e.g., Agamidae, 
many Iguanidae). These lizards are character- 
ized by high values of RCM. In contrast, lizards 
of the second category have elongated, slender 
body, fast movement and non-cryptic behavior. 
They forage widely and escape from predators 
by running (e.g., Teiidae, Scincidae, Lacerti- 
dae). On the basis of this distinction, P. t. ionica 
certainly belongs to the second group, but our 
estimations of RCM (Table 8) yield higher val- 
ues than those which are given by Vitt and 
Congdon (1978) for this group. This deviation 
may be explained if we accept that additional 
ecological factors influence the reproductive 
strategy of P. t. ionica. A similar constraint on 
RCM due to the habitat specificity is reported 
by Vitt (1981) for the iguanid Platynotus semi- 
taeniatus. In spite of this RCM deviation, the 
values of 0.990 g for the mean clutch mass and 
74.1 mm for the maximum SVL of adult fe- 
males classify P. t. ionica in the second of the 
two groups, according to the regression lines 
given by Andrews and Rand (1974) and Vitt 
and Congdon (1978). Cnemidophorus sp. (Tei- 
idae), Nucras tesselata and Eremias lugubris (Lac- 
ertidae) are classified in the same group. 

It is well known that differences in the be- 
havior of lizards or in resource abundance of 
their habitats influence RCM considerably (Vitt 
and Congdon, 1978; Schall, 1978; Congdon et 
al., 1978). The interpopulational differences of 
RCM in P. t. ionica are not significant (H-test, 
P > 0.05) except for one case, i.e., between 
Ithaki Island and Epirus populations (P = 0.048). 
Difference of RCM values between Kerkyra and 
Ithaki populations is not significant, although 
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TABLE 7. ADULT FEMALE BODY AND OVIDUCTAL EGG STATISTICS. Values represent x ? SE (range, N). Linear measurements are in mm and masses are in 
grams. Body mass values concern individuals with intact tails and do not comprise the mass of oviductal eggs. 

Body Eggs Egg mass 

Study area SVL Mass Length Width Mass Body mass 

Zakynthos 63.7 ? 0.8 3.6 ? 0.2 12.2 + 0.1 6.9 + 0.1 0.243 ? 0.003 0.075 + 0.004 
(53.5-72.5, 38) (2.7-5.6, 23) (10.0-14.1, 71) (5.7-7.8, 71) (0.196-0.329, 71) (0.051-0.107, 12) 

Kefalonia 64.8 ? 1.4 3.6 ? 0.2 12.2 ? 0.1 6.8 + 0.1 0.247 ? 0.003 0.077 ? 0.006 
(54.0-73.7, 32) (2.5-4.6, 12) (11.0-14.0, 47) (6.3-7.6, 47) (0.211-0.314, 47) (0.055-0.095,7) 

Ithaki 62.4 + 1.9 3.6 ? 0.2 12.2 + 0.1 6.7 + 0.1 0.233 + 0.004 0.060 ? 0.003 
(54.3-66.0, 16) (2.7-4.5, 10) (11.6-13.0, 15) (6.3-7.0, 15) (0.198-0.256, 15) (0.057-0.065, 3) 

Kerkyra 62.6 ? 0.8 3.4 + 0.1 12.8 + 0.1 7.3 ? 0.1 0.252 + 0.003 0.077 + 0.004 
(56.2-69.5, 31) (2.6-4.2, 16) (11.0-13.8, 68) (5.8-8.0, 68) (0.202-0.313, 68) (0.059-0.096,8) 

Island subtotal 63.6 ? 0.9 3.5 ? 0.1 12.4 + 0.1 7.0 ? 0.0 0.246 ? 0.002 0.074 + 0.003 
(53.5-73.7, 117) (2.5-5.6,61) (10.0-14.1, 201) (5.7-8.0, 201) (0.196-0.329, 201) (0.051-0.107, 30) 

W. Pelopon. 66.7 + 1.1 5.5 + 0.3 12.2 + 0.1 7.1 ? 0.1 0.250 ? 0.002 0.047 ? 0.006 
(53.5-79.5, 15) (3.7-7.1, 8) (11.7-12.6, 26) (6.3-7.7, 26) (0.229-0.284, 26) (0.036-0.055, 3) 

Epirus 62.6 + 1.6 4.1 ? 0.3 12.5 ? 0.1 7.5 ? 0.1 0.260 ? 0.003 0.060 ? 0.009 
(53.3-69.5, 12) (2.7-5.2, 7) (12.0-13.1, 13) (7.0-7.8, 13) (0.238-0.277, 13) (0.050-0.078, 3) 

Mainland subtotal 65.0 ? 1.2 4.8 ? 0.3 12.3 ? 0.1 7.2 ? 0.1 0.254 ? 0.002 0.053 ? 0.006 
(53.3-79.5, 27) (2.7-7.1, 15) (11.7-13.1, 39) (6.3-7.8, 39) (0.229-0.284, 39) (0.036-0.078, 6) 

Overall total 63.9 + 1.0 3.8 ? 0.1 12.4 + 0.1 7.0 ? 0.0 0.247 ? 0.002 0.071 ? 0.003 
(53.3-79.5, 144) (2.5-7.1, 76) (10.0-14.1,240) (5.7-8.0, 240) (0.196-0.329,240) (0.036-0.107, 36) 
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TABLE 8. RELATIVE CLUTCH MASS STATISTICS. Data 
concern gravid females with intact tails. 

Study area N x + SE (range) 

Zakynthos 12 0.201 ? 0.008 (0.142-0.249) 
Kefalonia 7 0.188 ? 0.006 (0.160-0.203) 
Ithaki 3 0.179 ? 0.008 (0.164-0.188) 
Kerkyra 8 0.227 + 0.022 (0.105-0.300) 

Island 
subtotal 30 0.203 + 0.007 (0.105-0.300) 

W. Peloponnese 3 0.190 ? 0.017 (0.167-0.224) 
Epirus 3 0.198 + 0.004 (0.191-0.203) 

Mainland 
subtotal 6 0.194 + 0.008 (0.167-0.224) 
Overall 

total 36 0.201 ? 0.006 (0.105-0.300) 

these two areas exhibit obvious habitat differ- 
entiation. 

ACKNOWLEDGMENTS 

We are grateful to our collaborator M. Dou- 
mas for his valuable help in material collection 
and other field work. We also thank J. Iliopou- 
lou-Georgoudakis for her assistance in statisti- 
cal analysis of the data, and S. Bouhayer for 
making the drawings used in this paper. 

LITERATURE CITED 

ANDREWS, R., AND A. S. RAND. 1974. Reproductive 
effort in anoline lizards. Ecology 55:1317-1327. 

ARNOLD, E. N., J. A. BURTON AND D. W. OVENDEN. 
1978. Reptiles and amphibians of Britain and Eu- 
rope. Collins, London. 

AVERY, R. A. 1975. Age-structure and longevity of 
common lizard (Lacerta vivipara) populations.J. Zool. 
176:555-558. 

1978. Activity patterns, thermoregulation and 
food consumption in two sympatric lizard species 
(Podarcis muralis and P. sicula) from central Italy. J. 
Anim. Ecol. 47:143-158. 

BUSACK, S. D. 1976. Activity cycles and body tem- 
perature ofAcanthodactyluserythrurus. Copeia 1976: 
826-830. 

CHONDROPOULOS, B. P., ANDJ. J. LYKAKIS. 1978. A 
serological and immunological study on three liz- 
ards of Greece (Sauria: Lacertidae). Biol. Gallo-Hel- 
lenica 7:171-179. 

CONGDON,J. D., L.J. VITT AND N. F. HADLEY. 1978. 
Parental investment: comparative reproductive en- 
ergetics in bisexual and unisexual lizards, genus 
Cnemidophorus. Amer. Nat. 112:509-521. 

COOPER, J. S. 1958. Observations on the eggs and 

young of the wall lizard (Lacerta muralis) in captivity. 
Brit. J. Herpet. 2:112-121. 

CRUCE, M. 1977. Structure et dynamiques de la pop- 
ulation de Lacerta t. taurica. Terre Vie 31:621-636. 

, AND A. LEONTE. 1973. Distributia topograf- 
ica si dinamica unei populatii de Lacerta t. taurica 
Pall. Studii si Cercetari de Biol., Ser. Zool. 25:593- 
600. 

CYREN, 0. 1941. Beitrage zur Herpetologie der Bal- 
kanhalbinsel. Mitteilungen aus den K6niglichen 
Naturwissenschaftlichen Instituten. In Sofia-Bul- 
garien 14:36-152. 

FITCH, H. S. 1970. Reproductive cycles in lizards and 
snakes. Univ. of Kansas, Mus. of Nat. Hist. Misc. 
Publ. 52. 

FUHN, I. E., AND S. VANCEA. 1961. Fauna Republicii 
Populare Romine. Reptilia. Editura Acad. Rep. Pop. 
Romine 14. 

GOLDBERG, S. R. 1976. Reproduction in a mountain 
population of the coastal whiptail lizard, Cnemi- 
dophorus tigris multiscutatus. Copeia 1976:260-266. 

KABISCH, K., AND W. E. ENGELMANN. 1970. Zur Er- 
nahrung von Lacerta taurica in Ostbulgarien. Sala- 
mandra 6:104-107. 

KLEMMER, K. 1975. The true lizards, p. 284-306. In: 
Animal Life Encyclopedia. 6 B. Grzimek et al. (eds.). 

LANTZ, L. A., AND O. CYREN. 1948. La forme typique 
de Lacerta taurica Pallas. Bull. Soc. Zool. France 73: 
84-89. 

McCoY, C., AND G. A. HODDENBACH. 1966. Geo- 
graphic variation in ovarian follicles and clutch size 
in Cnemidophorus tigris (Teiidae). Science 154:1671- 
1672. 

MITCHELL, J. C. 1979. Ecology of southeastern Ar- 
izona whiptail lizards (Cnemidophorus: Teiidae): 
population densities, resource partitioning, and 
niche overlap. Canad. J. Zool. 54:1487-1499. 

ONDRIAS, J. C. 1968. Liste des amphibiens et des 
reptiles de la Grece. Biol. Gallo-Hellenica 1:111- 
124. 

PIANKA, E. R. 1970. Comparative autecology of the 
lizard Cnemidophorus tigris in different parts of its 
geographic range. Ecology 51:703-720. 

PORTER, K. R. 1972. Herpetology. Saunders Co., 
Philadelphia. 

ROLLINAT, R. 1897. Moeurs et reproduction du le- 
zard des murailles. Bull. Soc. Nat. d'Acclimation de 
France, July 1897:23. 

1900. Moeurs et reproduction de lezard vert. 
Mem. Soc. Zool. France 13:5-30. 

SCHALL, J. J. 1978. Reproductive strategies in sym- 
patric whiptail lizards (Cnemidophorus): Two par- 
thenogenetic and three bisexual species. Copeia 
1978:108-116. 

SCHOENER, T. W. 1979. Inferring the properties of 
predation and other injury-producing agents from 
injury frequencies. Ecology 60:1110-1115. 

SCHREIBER, E. 1912. Herpetologia Europaea (2nd ed.). 
Fischer, Jena. 

SMITH, M. A. 1951. The British amphibians and rep- 
tiles. Collins, London. 

1000 

This content downloaded from 129.128.216.34 on Fri, 30 Aug 2013 04:46:39 AM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


CHONDROPOULOS AND LYKAKIS-WALL LIZARD ECOLOGY CHONDROPOULOS AND LYKAKIS-WALL LIZARD ECOLOGY 

STAMPS,J. A. 1977. Social behavior and spacing pat- 
terns in lizards, p. 265-334. In: Biology of the Rep- 
tilia. 7 C. Gans and D. W. Tinkle (eds.). Academic 
Press, London. 

TINKLE, D. W. 1969. The concept of reproductive 
effort and its relation to the evolution of life his- 
tories in lizards. Amer. Nat. 103:501-516. 

,AND R. E. BALLINGER. 1972. Sceloporus un- 
dulatus: a study of the intraspecific demography of 
a lizard. Ecology 53:570-584. 

,H. M. WILBUR AND S. G. TILLEY. 1970. Evo- 
lutionary strategies in lizard reproduction. Evolu- 
tion 24:55-74. 

VERBEEK, B. 1972. Ethologische Untersuchungen an 
einigen europaischen Eidechsen. Bonn. Zool. Beitr. 
23:122-151. 

VITT, L. J. 1977. Observations on clutch and egg 
size and evidence for multiple clutches in some liz- 

STAMPS,J. A. 1977. Social behavior and spacing pat- 
terns in lizards, p. 265-334. In: Biology of the Rep- 
tilia. 7 C. Gans and D. W. Tinkle (eds.). Academic 
Press, London. 

TINKLE, D. W. 1969. The concept of reproductive 
effort and its relation to the evolution of life his- 
tories in lizards. Amer. Nat. 103:501-516. 

,AND R. E. BALLINGER. 1972. Sceloporus un- 
dulatus: a study of the intraspecific demography of 
a lizard. Ecology 53:570-584. 

,H. M. WILBUR AND S. G. TILLEY. 1970. Evo- 
lutionary strategies in lizard reproduction. Evolu- 
tion 24:55-74. 

VERBEEK, B. 1972. Ethologische Untersuchungen an 
einigen europaischen Eidechsen. Bonn. Zool. Beitr. 
23:122-151. 

VITT, L. J. 1977. Observations on clutch and egg 
size and evidence for multiple clutches in some liz- 

ards of southwestern United States. Herpetologica 
33:333-338. 

1981. Lizard reproduction: habitat specific- 
ity and constraints on relative clutch mass. Amer. 
Nat. 117:506-514. 

, AND J. D. CONGDON. 1978. Body shape, re- 
productive effort, and relative clutch mass in liz- 
ards: resolution of a paradox. Ibid. 112:595-608. 

, , AND N. A. DICKSON. 1977. Adaptive 
strategies and energetics of tail autotomy in lizards. 
Ecology 58:326-337. 

WHITE, M. E. 1957. The hatching and rearing of 
green lizards (Lacerta viridis). Brit.J. Herpet. 2:88- 
90. 

ZOOLOGICAL LABORATORY, UNIVERSITY OF 

PATRA, PATRA, GREECE. Accepted 29 Nov. 
1982. 

ards of southwestern United States. Herpetologica 
33:333-338. 

1981. Lizard reproduction: habitat specific- 
ity and constraints on relative clutch mass. Amer. 
Nat. 117:506-514. 

, AND J. D. CONGDON. 1978. Body shape, re- 
productive effort, and relative clutch mass in liz- 
ards: resolution of a paradox. Ibid. 112:595-608. 

, , AND N. A. DICKSON. 1977. Adaptive 
strategies and energetics of tail autotomy in lizards. 
Ecology 58:326-337. 

WHITE, M. E. 1957. The hatching and rearing of 
green lizards (Lacerta viridis). Brit.J. Herpet. 2:88- 
90. 

ZOOLOGICAL LABORATORY, UNIVERSITY OF 

PATRA, PATRA, GREECE. Accepted 29 Nov. 
1982. 

Copeia, 1983(4), pp. 1001-1005 

Preferred Temperature of Two Sympatric Ambystoma Larvae: 
A Proximate Factor in Niche Segregation? 

JAY R. STAUFFER, JR., J. EDWARD GATES AND WILLIAM L. GOODFELLOW 

Acute preferred temperatures of both Ambystoma jeffersonianum and Ambys- 
toma maculatum larvae varied with acclimation temperature (i.e., recent thermal 
history). The final preferred temperature of A. jeffersonianum was 25.2 C and 
for A. maculatum, 34.6 C. There was no significant (P < 0.05) difference between 
acute preferred temperatures at low acclimation temperatures, but preferred 
temperatures were significantly different when salamander larvae were accli- 
mated to 30 C. It was postulated that temperature may be an important dimension 
along which the larvae segregate during the late spring and early summer months. 
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EMPERATURE is one of the most impor- 
tant environmental parameters govern- 

ing the metabolism, activity and behavior of 
aquatic poikilotherms (Fry, 1947; Stauffer, 
1980). Much of the behavioral data collected to 
date have been associated with the effects of 
thermal discharges on the responses of fishes 
(Stauffer, 1980). Amphibians do not normally 
encounter temperatures that threaten their sur- 
vival (Bogert, 1952; Keen and Schroeder, 1975), 
with the possible exception of toad embryos 
(Volpe, 1957), salamander embryos (Anderson, 
1968) and some juvenile salamanders (Pough 
and Wilson, 1970). However, various thermal 
regimes may influence activities such as diges- 
tion rates (Skoczylas, 1970), conversion effi- 
ciencies (Brett, 1971) and growth (Licht et al., 
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1969). Certainly, benefits derived from main- 
taining a preferred body temperature through 
behavioral means are constrained by metabolic 
costs (Lillywhite, 1971). 

Compared to those on fish, studies of tem- 
perature selection of amphibians are relatively 
rare. Lillywhite et al. (1973) identified the need 
to determine the ecological significance of tem- 
perature selection in all ectothermal groups, and 
Brattstrom (1979) reviewed thermal regulation 
studies of amphibians. In a recent study, 
Thompson and Gates (1982) noted that breed- 
ing pools used solely by Ainbystomajeffersonianum 
tended to have cooler water temperatures than 
those with Ainbystoina maculatum, a species with 
which it is often syntopic. They hypothesized 
that one of the dimensions along which the two 
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