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Reproductive Characteristics of an Insular Population of the Lizard
Podarcis hispanica from Northwest Spain (Cies Islands, Galicia)

PEDRO GALAN

Here I report on the reproductive characteristics of an insular population of the
lacertid lizard Podarcis hispanica, which inhabits the Cies Islands, an archipelago
formed by three small islands off the northwest coast of Spain. The clutch charac-
teristics of the population were investigated on the basis of clutches laid by pregnant
females captured on these islands in 1999 and 2000. Other data were obtained
principally by mark-recapture experiments. The egg-laying cycle of live females was
determined by ventral palpation. Enlarged follicles were detected from March to
July, and the laying period extended from April to the second half of July. The
larger females initiated reproductive activities early in the season and produced up
to three clutches annually, whereas the smaller individuals laid only a single clutch.
Reproductive performance was related mainly to female size. Clutch size, individual
egg mass, clutch mass, and hatchling size increased with the length of the females.
I also examined the extent to which the reproductive characteristics of this insular
population of P hispanica diverged from those in other populations of the same
species. I found no pronounced differences between these populations and other
mainland populations of the same species of like body size. Several hypotheses may
be proposed to explain the lack of major differences in reproductive characteristics
(egg size and number). The first has to do with the relatively short length of time
that this population has been isolated, and, therefore, it would still be too early for
any divergence to have manifested itself. A second hypothesis is that the selection
gradient for reproductive traits on the Cies Islands may have remained similar to
that on the mainland. A third hypothesis deals with the limitations imposed by the
reduced body volume of this small-sized species on egg growth in conjunction with

the shorter laying period of this population in an Atlantic climate.

MONG the numerous microevolutionary
patterns and processes occurring on is-
lands, there are descriptions of changes in the
clutch size of lizards (e.g., Grant, 1998). Clutch
sizes of island lizards are small compared with
thosc of their mainland relatives (Kramer, 1946;
Case, 1983). However, this trend, which has also
been reported in other island terrestrial verte-
brates (e.g., Grant and Grant, 1989), has not
been studicd as thoroughly or on a wide
enough systematic scale to be able to verify the
consistency of this evolutionary pattern.

In recent years, several studies on the repro-
ductive traits of insular populations of lacertid
lizards of the genus Podarcis have been pub-
lished, mainly on species such as Podarcis pityu-
sensis (Carretero et al., 1995), Podarcis airata
(Castilla, 1996; Castilla and Bauwens, 2000a),
and Podarcis lilfordi (Castilla and Bauwens,
2000b) that are endemic to the Mediterranean
islands. Still, life-history information on insular
populations belonging to continental species is
much scarcer (e.g., Podarcis carbonelli berlengensis,
Vicente, 1989, formerly Podarcis bocagei berlengen-
sis). These kinds of studies are needed to pro-
vide a foundation for comparative analyses on

reproduclive characteristics between insular
and mainland populations of the same species.
Such studies will be able to shed light on the
conditioning factors imposed by insularity on
the reproductive characteristics in populations
having a close phylogenetic relationship (Bau-
wens, 1999).

In lizard species, a general trend supported
by a number of descriptive accounts on life-his-
tory traits shows that, when island populations
have been isolated for a very long time (= 1
million years), major changes take place in their
reproductive characteristics, which affect, at the
very least, the number and size of the eggs: the
lizards lay fewer eggs of a much bigger size
(Rodrigucz-Dominguez and Molina-Borja, 1998,;
Castilla and Bauwens, 2000a; Adamopoulou and
Valakos, 2000). 1lowever, there is much less in-
formation on whether these changes occur in
lizard populations that have been isolated for a
much shorter period (only several thousand
years) and belong to the same species as the
populations living on the mainland.

In this paper, I describe the reproductive
characteristics of an insular population of the
lacertid lizard Podarcis hispanica {from the Cies
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Islands, an archipelago formed by three rela-
tively small islands off the southwest coast of Ga-
licia, in northwest Spain.

The aim of this study was to determine wheth-
er the insular isolation of this population of P
hispanica, only a few thousand years old, has re-
sulted in changes in the major reproductive
characteristics, particularly egg size and num-
ber, in comparison with the mainland popula-
tions of the same species.

MATERIALS AND METHODS

Study area.—The Cics Islands are an archipelago
formed by three islands: Monteagudo (182 ha,
maximum altitude: 176 m), Faro (106 ha, max-
imum altitude: 193 m), and San Martino (146
ha, maximum altitude: 179 m), situated in the
Adantc Ocean, at thec mouth of the Ria de
Vigo, 2.5 km ofl the nearest coast, in Ponteve-
dra, northwestern Spain (42°15'N, 8°53'W;
UTM 29T NG 07). Monteagudo and Faro are
now connected by a cement bridge.

They are continental islands, which broke off
from the adjacenl coast becausc of rising sea
levels and phenomena of coastal erosion rough-
ly between 8000 and 9000 years ago (according
to data cxtracted from the current sea depths
between these islands and the coast and the sea
level rise curve, which (races the evolution of
the coast line from the last glacial maximum (o
the present; Dias et al,, 2000). It is therefore
considered that the nonlflying fauna inhabiting
these islands at the present time became isolat-
ed during that period, except for recent intro-
ductions by humans. These phenomena of re-
cent introductions do not appear to have in-
cluded reptiles (unpubl.).

Vegetation on the islands consists mainly of
scrubs (Ulex europaeus, Cistus salvifolius), herbs
(Armeria pubigera, Angelica pachycarpa, etc.),
grasses (Briza media, Dactylis glomerata, etc.) and
woods from reforestation of imported trees, Eu-
calyptus globulus and Pinus pinaster. In some lim-
ited areas, there are small relict patches of the
original woods of Pyrenean oak (Quercus pyren-
aica).

The insular reptile fauna is composed of five
lizard specics (Anguis fragilis, Chalcides bedriagai,
Chalcides striatus, Lacerta lepida, and P. hispanica),
and two snakes (Coronella girondica and Natrix
maura). The main predators of P hispanica on
the islands are domestic and feral cals (Felis ca-
{us), lizard-eating snakes Coronella girondica, kes-
trels (Falco tinnunculus), and perhaps rats (Rat-
tus rattus). It is interesting to note that, on the
mainland near these islands, P. hispanica lives in
sympatry with the related species P bocagei; yet
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on the Cies Islands, it is the only species of Po-
darcis tound (Galan and Fernandez, 1993). On
the Cies Islands, the population density of P, hus-
panica is high, reaching 1900-2200 specimens/
ha in the most favorable locations (unpubl.).

This archipelago has a Wet Oceanic climatic
type (Carballeira et al., 1983), characteristic of
coastal areas of the northwest Iberian Peninsula.
The mean annual tecmperature on the islands is
13.7 C, with little within-year temperature oscil-
lation: the mecan temperature of the coldest
month (January, mean temperaturc 8.0 C) is
only 11.8 C lower than that of the warmest
month (July, mean tcmperature 19.8 C). An-
nual rainfall: 857 mm/yr (Martincz-Cortizas
and Pérez-Alberti, 1999).

Study species.—The Iberian wall lizard, P. hispan-
ice, is a species with a broad distribution
throughout the lberian Peninsula, southern
France, and some parts of North Africa (Guil-
laume, 1997), although recent studies would
suggest that the North Alrican populations as
well as some in the south of the Iberian Pen-
insula might belong to difterent taxa (Harris
and Sa-Sousa, 2001). This species mainly inhab-
its areas belonging to the Mediterranean re-
gion. However, populations from northern Por-
tugal and northern Spain (like the one under
study in this paper) live in the Euro-Siberian
region (Sa-Sousa and Pérez-Mellado, 2002). It is
a small (adult snout—vent length 42-65 mm),
diurnal, heliothermic, insectivorous lizard of
the family Lacertidae that is very variable both
in morphology and life-history characteristics
(Pérez-Mcllado, 1998). This lizard is mainly a
rupicolous species. Neverthceless, on the Cies Is-
lands, as well as in other places where it is the
only representative of the genus Podarcis, it is a
ubiquitous and opportunist species, occupying
all the available, natural or anthropized bio-
topes.

Lizards live mainly on rocky cliffs, rocky
slopes, stone walls, sides of the roads, and other
places with bare ground, rocks, or stones. The
activity of these animals peaks during March to
October; however, a large number of specimens
were still active on sunny winter days.

Data collection.—Data were collected in the
course of a study conducted between February
1999 and Noveniber 2000 on the Cies Islands.
The study site was visited 1-3 times per month,
and on each visit, the number of lizards and the
sex of each were recorded. I also recorded de-
tails of all reproductive events (i.e., courtships
and maltings) observed. Whenever possible, liz-
ards were captured by noosing or by hand,
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marked individually by toe-clipping and re-
leased, noting identity, sex, reproductive con-
dition, snout-vent length (SVL, to nearest 0.1
mm), tail length (including regenerated parts)
and mass (to the nearest .1 g). All observations
were carricd out on live animals only. None of
the animals was killed to study their internal or-
gans, and all were later released in the study
area.

The reproductive condition of live female liz-
ards was cvaluated by ventral palpation to detect
enlarged ovarian follicles or oviductal eggs. Oth-
cr reproductive signs (i.e., copulation marks,
lateral skin folds, and field observations of
courtship and mating behavior) were also not-
ed. In all cases of prompt recapture of fcmales
with mating scars but not visibly pregnant, preg-
nancy was evident at the time of recapture.

Clutch and hatchling characteristics were in-
vestigated on the basis of clutches laid by preg-
nant females captured on the islands in 1999
and 2000. A number of late-pregnant (i.e., high-
ly distended) females were collected and trans-
ported to the laboratory. In the laboratory, the
[emales were housed in terraria (100 X 50 X 50
cm) with stones and pieces of bark serving as
places of retreat and a 3 cm deep substrate of
sand. The terraria received light and heat di-
rectly from a 100-W light bulb suspended 15 cm
above the terraria floor, creating a thermal gra-
dient for 9 h daily (from 10-19 h, approximate-
ly). Mealworm larvae (Tenebrio molitor) and oth-
er insects collected in the field, as well as water
(containing a mixture of vitamins and minerals)
were provided ad libitum. During the remain-
ing hours (from 19-10 h, approximatcly), the
gravid females were placed individually into
plastic boxes (10 X 10 X 20 cm), filled to a
depth of approximately 15 cm with soil from the
study site. In all cases, the eggs were laid in
these plastic boxes and not in the terraria.
These females were maintained in the labora-
tory until the eggs were laid. In every clutch laid
in laboratory, I recorded the numbecr, size
(length and width), and mass (to the nearest
0.001 g) of the eggs. The characteristics of the
eggs were, in all cases, determined within 8 h
of laying. After laying, each female was mea-
sured (£ 0.1 mm), weighed, and then relcased
at the capture sitc. In all cases, each clutch was
unequivocally assigned to an individual female,
allowing us to calculate the relative clutch mass
as the mass of the clutch (immediately after lay-
ing) divided by the mass of the mother {exclud-
ing clutch mass).

Each clutch was incubated in the same plastic
box until hatching. To ensure near-natural con-
ditions of humidity and temperature, the plastic
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boxes were halffilled with soil from the study
sitc, sealed with an airtight lid and placed by an
open, south-facing window. Room temperature
fluctuated between 23 and 26 C during the in-
cubation period.

After hatching, I recorded the SVL, mass, and
sex of hatchings. Sex was determined by mor-
phological characteristics, such as the number
of transverse rows of ventral scales and the dor-
sal pattern, which differs between male and fe-
male P. hispanica. In a sample of 112 adult males
and 192 adult females from the study site, males
had 24-29 rows of ventral scales and females
28-33 rows (unpubl.). In individuals having 28—
29 rows, sex can be determined on the basis of
the black dorsal pattern: Males have a reticulat-
ed dorsal pattern, whereas [emnales bear well-de-
fined longitudinal stripes. For future identilica-
tion, offspring were marked individually by toe-
clipping. After all the data were recorded, the
hatchlings and their mothers were released at
the study site, at the spot where the females
were captured,

I have compared the reproductive character-
istics of the Cies island population of P. hispan-
ica with data available for other mainland pop-
ulations of the same species. I calculated the re-
gression equations between cach reproductive
trait of these populations and mean adult fe-
male snout-vent length for populations of P his-
panica. The equations were then used to calcu-
late the predicted value of each trait at the av-
erage female snout-vent length of the Cies is-
land population (see Castilla and Bauwens,
20004a).

All statistical analyses werce done using the
Statview IV statistical package. In the text and
tables, mean valucs are cited = SE. When para-
metric analyses were used, the normality of all
data was first confirmed (Kolmogorov-Smirnov
test).

RESULTS

Reproductive cycle.—Enlarged follicles were de-
tected by ventral palpation from the beginning
of March to July. Ovulation occurred from mid-
March to the second hall of July because, dur-
ing this period, I obscrved females with oviduc-
tal eggs. Courting behavior and copulation were
observed from early April to early July, in both
years of study. The laying period extended from
early (1999) or latc (2000) April to the second
half of July (both years).

Sexual maturity in females.—The smallest repro-
ductive female (collected with oviductal eggs
and subsequent oviposition in laboratory) mea-
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TABLE 1. SUMMARY OF STATISTICS FOR MEASUREMENTS OF REPRODUCTIVE FEMALES, EGGS AND HATCHLING SIZE.
Mean SE Min Max n
Reproductive female SVL (mm) 52.0 0.74 42.2 58.5 31
Reproductive female mass (g) 1.77 0.07 1.17 2.37 34
Clutch size 2.88 0.12 2 4 34
Clutch mass (g) 0.697 0.03 0.401 0.997 34
Relative clutch mass 0.395 0.01 0.263 0.534 34
Egg mass (g) 0.244 0.01 0.191 0.322 92
Egg length (mm) 11.00 0.13 8.20 13.65 92
Egg width (1) 6.08 0.04 5.80 7.05 92
Hatchling SVL (mm) 23.93 0.21 22.05 26.00 86
Hatchling mass (g) 0.289 0.01 0.213 0.377 86

sured 42.2 mm SVL. The SVLs of the next three
smallest females caught gravid in the ficld and
oviposited in the laboratory were 42.6 mm, 43.9
mm, and 44.0 mm. Thus, females attained sex-
ual maturity at 4 minimum SVL of about 42-44
mm. Three females marked at hatching in July
1999 werc recaptured as breeding adults 11-12
monnths later, in June and July 2000, confirming
that maturation is attained at one year of age.

Clutch and hatchling characleristics.—Neither the
reproductive characteristics or female snout
vent length (SVL) and {emale mass varied sig-
nificantly among thc islands (San Martino and
Monteagudo-Faro islands, Mann-Whitney test, P
> 0.05 in all cases). In the {ollowing sections, 1
thus consider data for the threce islands togeth-
er. Similarly, none of the characteristics listed
varied significantly between the two years of
study (Mann-Whitney test, P> 0.05 in all cases).
Therefore, the data from both years were consid-
cred jointly. The characteristics of the reproduc-
tive females, their clutches and the juveniles sub-
sequently hatched are summarized in Table 1.
Clutch size, clutch mass, and egg mass in-
creased significantly with the mother’s SVL;
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Fig. 1. Relationships between mother’s hody size

(snout—vent length, SVL) and clutch size.

clutch size: r = 0.64, F ., = 21.64, P < 0.0001;
clutch mass: r = 0.84, I\ 4, = 72.79, P < 0.0001;
egg mass: r = 0.48, F, ., = 9.18, P = 0.005. (Figs.
1-2). The relative clutch mass was not signifi-
cantly rclated to the mother’s SVL (r = 0.25,
Flg = 2.08, P = 0.16).

The mean hatchling mass in each clutch and
the mean hatchling SVL in each clutch in-
creased significantly with mean egg mass (mean
hatchling mass: r = 0.81, IV, = 48.86; mean
hatchling SVI: r = 0.84, F,, = 57.71, P <
0.0001 in both cases). Also, the mean hatchling
SVL in each clutch increased significan(ly with
the mother’s SVL (r = 045, F,,, = 6.36, P =
0.018), and the mean hatchling mass in each
clutch increased significantly with the mother’s
mass (r = 0.58, F, ,, = 12.59, P = 0.002). Hence,
larger and heavier females laid larger and heavi-
er eggs, and larger eggs produced larger and
heavier hatchlings.

The relationships between residuals from the
regression of log (clutch size) on log (mother’s
SVL) and residuals from the regression of log
(mean egg mass) on log (mother’s SVL) were
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Fig. 2. Relationships between mother’s hody size
(snout—vent length, SVI.) and average single-egg mass
in cach clutch.
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Fig. 3. Relationships between residual deviations

of clutch size {residual values of the regression of log
clurch size on log mother’s SVL) and residual devia-
tions of average single-egg mass in these clutches (re-
sidual values of the regression of log egg mass on log
mother’s SVL).

again significant (r = —0.67, F 5, = 25.61, P <
0.0001). Considcring clutches laid by females of
about the same size, the mean mass of the eggs
in a clutch is thus negatively correlated with
clutch size (Fig. 3).

Clutch frequency.—Mark-recapture records for a
number of females caught during the breeding
season of 1999 and 2000 provided information
on clutch frequency. The larger females (SVL >
55 mm) initiated reproductive aclivities early in

TABLE 2.
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the season (observed with enlarged follicles or
oviductal eggs [rom March or early April) and
produced two (o three clutches annually, where-
as the smaller individuals (SVI. < 50 mm) laid
only a single clutch and initiated reproduction
m June or July.

Charactcristics (SVL and mass) of the females
that produced only a single clutch per year and
females that produced 2-3 clutches in the same
season Lheir clutches and the juveniles subsc-
quently hatched are summarized in Table 2.
These two size/age classes of females differ sig-
nificantly in all the reproductive characteristics,
except in relative clutch mass and mean juve-
nile mass.

Hatch success and haichling sex ratio—Of the 97
eggs laid in the laboratory, 92 (94.8%) werc vi-
able at oviposition, and of these, 86 hatched
normally, indicating that hatch success, estimat-
ed considering all clutches together, was very
high (93.5%).

The scx ratio of clutches hatched in the lab-
oratory was 1:0.76 (49 males to 37 females).
This ratio does not differ significantly from one-
to-one (x° = 1.67, df = 1, P = 0.20). None of
the hatchlings hatched in the laboratory was vis-
ibly malformed.

DiscussiON

Several studies have reported on the repro-
ductive characteristics of different Iberian pop-

SUMMARY OF STATISTICS FOR REPRODUCTIVE FEMALES, CLUTCHES, AND HATCHLING CIIARACTERISTICS

FOR INDIVIDUALS THAT [.AID ONLY ONE CLUTCH A YEAR AND INDIVIDUALS THAT OVIPOSITED SEVERAL (2 OR 3)

CLUTCIIES IN ONE REPRODUCTIVE SEASON. Shown arc the mean * 1 SE and the sample size (n). U indicates

the value of the Mann-Whitney test and P the significant valuc between monoestrous and polyestrous [emales
in all characteristics.

Females that laid 1

clutch per season

Females that laid 2-3
chirches per season

Comparisons

Mean * 1 SF. Mean = 1 SE
(rangce) n (range) n U P
Reproductive female SVL (mm) 46,99 + 0.81 12 54.98 + 0.36 20 240 0.0001
(42.2-51.1) (52.4-58.5)
Reproductive female mass (g) 1.42 £ 0.05 12 1.98 = 0.07 20 227 0.0001
(1.168-1.727) (1.459-2.733)
Clutch size 2.33 = 0.14 12 3.20 £ 0.14 20 200 0.0007
(2-3) (2-4)
Clutch mass (g) 0.540 * 0.04 12 0.796 £ 0.02 20 221 0.0001
(0.401-0.853) (0.565-0.997)
Relative clutch mass 0.376 + 0.02 12 0.407 = 0.02 20 1585  0.134
(0.303-0.514) (0.263-0.534)
Egg mass (g) 0.231 = 0.01 12 0.254 = 0.01 20 178.5 0.049
(0.200-0.284) (0.191-0.322)
Hatchling SVL (mm) 23.26 * 0.33 12 2421 + 0.24 20 114.5 0.041
(22.05-24.85) (22.37-26.00)
Hatchling mass (g) 0.271 = 0.01 12 0.296 * 0.01 20 91.5 0.410

(0.217-0.305)

(0.218-0.577)
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REPRODUCTIVE CHARACTERISTICS OF DIFFERENT POPULATIONS OF Podarcis hispanica AND OTIHER INSULAR

Podarcis SPECIES. The observed value for Podarcis hispanica from the Cies Islands is compared (o the predicted
value obtained from regression equations.

SVL at ) Egg Cluwch
Mcan maturily Clutch TILasS mass
Localion SVL () (mm) size (g) (@) Source
Cies Islands This study
Observed 52.0 42.2 2.88 0.244 0.697
Predicted 13.8 2.69 0.281 0.75%
Other Podarcis hispanica populations
Asturias and Cantabria  47.6 2.2 Brana (1996)
Asturias 49.6 394 2.1 0.27 0.58 Brana in Castilla and Bauwens
(2000a)
Sierra de Gredos 50.4 439 2.6 Gil (1992)
Sistema Central 50.6 44.0 2.5 Pérez-Mellado (1982)
Galicia (A Coruna) 50.7 43.0 3.1 0.24 0.73 Galan, unpubl.
Asturias 51.8 2.3 0.30 Brana et al. (1991)
Madrid 56.7 46.3 3.0 0.33 1.01 Castilla and Bauwens (2000a)
Sierra de Guadarrama 57.1 49.4 3.6 Garcia-Fernandez (1990)
Salamanca 61.3 50.0 3.6 0.34 1.22 Castilla and Bauwens (2000a)
San Sebastian 61.6 4.0 0.33 1.32 Brana et al. (1991)
Other insular Podarcis specics
Podarcis alrata 63.1 51.0 2.8 0.37 Castilla and Bauwens (2000a)
Podarcis lLilfordi 61.9 50.0 2.5 0.63 Castilla and Bauwens (2000b)
Podarcis milensis 50.4 42.0 1.73 Adamopoulou and Valakos

(2000)

ulations of P hispanica. Castilla and Bauwens
(2000a) have compiled this information and
present unpublished data, as wcll as data on the
insular population of 2 alrala, which has long
been considercd a subspecies of P hispanica.
However, a recent study using molecular mark-
crs warranted elevating it to species status (Cas-
tilla et al., 1998). On comparing these data with
those collected in this study, 1 observed that the
reproductive characteristics of the population
ol 2 hispanica on the Cies Islands did not differ
from the characteristics of other mainland pop-
ulations of the same spccics having a similar
body size. Female I’ hispanica from the Cies cx-
hibited a body length roughly midway between
that of the other populations of thc same spe-
cies previously studied (Table 3). Despite their
insular condition, the mcan body length of
these animals was markedly shorter than in oth-
cr continental populations such as in the Sierra
de Guadarrama or Salamanca. The clutch size
was slightly larger and clutch mass, single egg
mass, and SVI. of females at maturity slightly
smaller but within the range of values expected
for a hypothetical population of . kispanica with
the mean adult feinale SVL being the same as
that observed in Cies population (Table 3).
Although there have becen no comparative
phylogenetic studies undertaken as yet focusing

on the diffcrences in reproductive characteris-
tics between insular and mainland species of
lacertid lizards that would point Lo the consis-
tency of certain evolutionary patterns, available
evidence shows that the production of clutches
comprising relatively few, but large eggs is a
characteristic found in somec island species of
Podarcis (Castilla and Bauwens, 2000a,b; un-
publ.), as well as in other lacertd lizards (Rod-
riguez-Dominguez and Molina-Borja, 1998; Gal-
an and Vicente, 2003; unpubl.). This difference,
nonetheless, was not obscrved between the in-
sular population of I2 hispanica studied and the
mainland populations of the same species.
Several hypotheses may be proposed to ex-
plain the lack ol major differences in reproduc-
tive traits between the Cies and the mainland
populations. The first has to do with the short
length of time that this population has been iso-
lated, dating back only approximately 8000—
9000 yr, when the Cies broke off from the main-
land owing to changes in sca level (Dias et al.,
2000). This period of isolation may have been
too short to allow for a detectable evolutionary
divergence in reproductive characteristics. In
the insular populations of Pndarcis where a di-
vergence is manifest, the isolation occurred as
[ar back as a million years, in the case of P. atrata
on the Columbretes islands, or several million
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years in the case of P lilfordi on the Balearic
Islands (Castilla and Bauwens, 2000a,b).

The second hypothesis is that the selection
gradient for reproductive traits on the Cies Is-
lands may have remained similar to that on the
mainland. Indeed, when conditions on islands
are similar to those on the mainland, then there
will be no divergent sclection pressure and
hence no reason to expect a (rapid) evolution-
ary change.

The third hypothesis is based on the notion
that egg size is probably constrained hy the vol-
ume of the oviducts, the body cavity, and the
pelvic width of this species, whicl: is small in sizc
with a flat shaped body. The mainland popula-
tions ol P hispanica, which have a body size sim-
ilar to that of the Cies population, already show
a very small clutch size, around two or three
eggs on average, related to these morphological
traits (Brana, 1983; Galan, 1986). Therefore,
the egg size is restricted by the width of the pel-
vic belt in the females of these populations,
which have a small body size. Another con-
straint is imposed by the limited volume of the
abdominal cavity in this flat-bodied, crevice-
dwelling species, which prevents these animals
from laying larger sized eggs. This holds truc
even in an insular population where a large
hatchling body size would warrant preferential
selection.

However, these putative limitations on egg
size cannot explain the absence of decline in
clutch size without a concomitant increase in
egg size. The reduction in clutch size could
then be compcnsated by an increase in the
number of clutches produced in a reproductive
scason. This seems to have occurred in P mil-
ensis, an island specics that is similar in body size
(average [emale SVL.: 50.4 mm) but that has a
smaller clutch size (average: 1.7 eggs per
clutch) than F. hispanica. About 33-44% of fe-
males P. milensis lay clutches composed of only
a single egg (Adamopoulou and Valakos, 2000).
It is interesting (o note that in my study popu-
lation of P hispanica 1 have never observed a
clatch made up of just onc cgg.

Such small clutch sizes in P. milensis may be
related to the fact that this species undergoes
an unusually long laying period for a temperate
climate—seven months—between January and
August (thanks to the Meditcrranean climate,
which makes it possible for [emales to start lay-
ing very early, in the middle of winter). During
this period, [emales may lay eggs several times
(Adamopoulou and Valakos, 2000), thus distrib-
uting the reproductive cffort over numerous
clutches consisting of only one or two eggs. Po-
darcis hispanica of the Cies Islands, however, has
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a reproductive period lasting far less than four
months (because this species lives in an Atlantic
climate wherce the winters are colder than in the
Mediterranean and the laying period does not
begin uutil spring). Hence, they must concen-
trate their reproductive investment on a smaller
number of clutches (between one and three),
each composed of several eggs. In keeping with
this idea, Sinervo and l.icht (1991) have con-
ducted experiments that demonstrate the ana-
tomical causes and energy distribution respon-
sible for the scarcity of saurian species having
clutches consisting of a single cgg.

My results indicate that female P hispanica
from the Cics Islands may produce muliiple
clutches (two or three) per ycar, as do some
other species of the genus Podarcis (e.g., Galan,
1997; Castilla and Bauwcns, 2000a,b). The num-
ber of clutches laid per year differs among in-
dividual females, depending on their body size.
Large females produce two or three clutches an-
nually, and the smallest maoure individuals lay
only a single clutch, as in other lizard species
(e.g., Bauwens, 1999). It is important to high-
light the fact that the differences between small
sized females (young animals) and the larger
ones (old animals) do not refer only to the
number of clutches laid annually but also apply
to other reproductive traits, including the num-
ber of offspring and their size. Variation in
clutch size was rather restricted in this popula-
tion, ranging between two and four eggs; nev-
ertheless, I found a significant relationship be-
tween the existing variation in clutch size and
female size (SVL). This increase in egg number
with [emale size is a general phcnomenon in
lizards with variable clutch size, including lac-
ertid lizards (c.g., Barbault and Mou, 1988;
Brana, 1996; Galan, 1997). Howevcr, this rela-
tionship is absent in some populations of P his-
panica from Asturias and Cantabria, in North-
crn Spain (Brana et al., 1991; Brana, 1996).
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