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Reproductive Characteristics of the Lacertid Lizard Podarcis atrata

AURORA M. CASTILLA AND DIRK BAUWENS

We report reproductive characteristics (timing of sexual maturity, clutch frequen-
cy, clutch size, egg and hatchling sizes) of the Island Lizard Podarcis atrata. Repro-
ductive performance was related to female size. The larger females initiate repro-
ductive activities early in the season and produce two to four clutches annually,
whereas the smaller individuals postpone reproduction until the season is well ad-
vanced and lay only a single clutch. Clutch size increased with female length and
was slightly lower for clutches laid during June–July than for those produced during
May. Among-clutch differences in egg mass were negatively correlated with clutch
size, and this relationship is independent of female size. Larger clutches are also
composed of less elongated (i.e., rounder) eggs than are smaller clutches, suggesting
that the phenotypic trade-off between egg size and numbers is induced by limitations
posed by the females’ body volume, rather than by restrictions of energy availability.
Comparison of reproductive traits of P. atrata to those of the closely related P.
hispanica and P. bocagei indicates that the increase in body length during the evo-
lutionary divergence of P. atrata was not associated with an increase in clutch size.
This provides a clear exception to the general pattern found in lacertid lizards.

En este estudio proporcionamos información sobre las caracterı́sticas reproduc-
toras (alcance de la madurez sexual, frecuencia de puesta, tamaño de los huevos y
de los jóvenes) de la lagartija insular Podarcis atrata, en relación con el tamaño de
la hembra. Las hembras de mayor tamaño iniciaron su actividad reproductora al
comienzo de la temporada, y produjeron entre dos y cuatro puestas al año. Sin
embargo, las hembras más pequeñas retrasaron el inicio de su actividad reproduc-
tora y sólo realizaron una puesta al año. El tamaño de puesta incrementó con la
longitud corporal de la hembra, y fue ligeramente inferior en las puestas realizadas
en junio y julio que en las puestas producidas en mayo. Las diferencias entre puestas
en el peso del huevo estuvieron negativamente correlacionadas con el tamaño de
puesta, independientemente del tamaño de la hembra. Además, en las puestas más
grandes, los huevos tenı́an una forma menos elongada (i.e., redondeados) que en
las puestas más pequeñas. Los resultados anteriores sugieren que el ‘‘trade-off’’
entre el tamaño del huevo y de la puesta debe estar inducido por las limitaciones
impuestas por el volumen de la hembra, más que por restricciones de disponibilidad
de energı́a. La comparación de las caracterı́sticas reproductoras de P. atrata con las
de otras especies relacionadas, P. hispanica y P. bocagei, ha indicado que el incre-
mento en la longitud corporal durante la divergencia evolutiva de P. atrata no ha
estado acompañado de un incremento en el tamaño de puesta. Esto constituye una
clara excepción del patrón encontrado en lacértidos.

AN organism’s life history is characterized by
traits that profoundly affect its fecundity

and survival: age and size at maturity; frequency
of reproduction; clutch size; size of eggs and
hatchlings; and survivorship at different life
stages (Roff, 1992; Stearns, 1992). Life-history
traits often exhibit considerable variation at dif-
ferent levels: among individuals within the same
population; among populations of single spe-
cies; and among different species. Studies of
life-history variation at these different levels ad-
dress distinct but complementary questions.
Studies of single populations focus on proxi-
mate causes of variation (e.g., genetic, ontoge-

netic), including environmental factors that in-
duce temporal variation on an ecological time
scale (i.e., phenotypic plasticity). On the other
hand, interspecific comparisons address the
outcome of evolutionary processes and the
long-term action of ecological conditions. Al-
though many interspecific comparisons of rep-
tile, especially lizard, life histories are available
(e.g., Tinkle et al., 1970; Dunham et al., 1988;
Clobert et al., 1998), most authors stressed the
need for enlarging and improving the dataset
through detailed studies of single species.

Lizards of the family Lacertidae are wide-
spread and abundant in many parts of the Old
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World. Despite their conspicuousness, few ac-
counts of their life histories have been pub-
lished: only 16 of over 230 members of this fam-
ily (Arnold, 1989) were included in a recent re-
view by Bauwens and Dı́az-Uriarte (1997).

We here report a study of reproductive char-
acteristics of Podarcis atrata, a species whose
world range is restricted to four small islets (to-
tal area approximately 20 ha) within the Medi-
terranean (Castilla and Bauwens, 1991). Knowl-
edge of the reproductive habits of this species
is of general interest, considering the paucity of
studies dealing with island lizards (except for
species of the genus Anolis, which all lay a clutch
of a single egg; Andrews and Rand, 1974). Our
main aims are to: (1) provide detailed quanti-
tative information on the timing of sexual ma-
turity, clutch frequency, clutch size, and egg size
and examine individual variation in these traits
in relation to female size; (2) analyze the rela-
tionship between egg numbers and size and
shape of the eggs; (3) compare reproductive
traits of P. atrata to those of the closely related
taxa, P. hispanica and P. bocagei.

MATERIALS AND METHODS

Species and study area.—Podarcis atrata is a small
(adult SVL: 50–70 mm), heliothermic and ac-
tively foraging lacertid lizard that is endemic to
the Columbretes islands (Castilla and Bauwens,
1991). It has long been considered a subspecies
of Podarcis hispanica, but a recent study using
molecular markers (mitochondrial DNA se-
quences) warranted elevating it to species status
(Castilla et al., 1998).

The Columbretes islands constitute an archi-
pelago of small islets of volcanic origin situated
in the Mediterranean, approximately 50 km off
the coast of Castellón, Spain. This study deals
with lizards that inhabit the island Columbrete
Grande (39�54�N, 0�41�E), the largest (13 ha)
islet of the archipelago. Vegetation on the islets
consists mainly of perennial shrubs (Suaeda
vera, Lobularia maritima), herbs (Lavatera mauri-
tanica, Malva parviflora), and patches of grasses.
Trees are absent, except for one introduced in-
dividual of Ficus carica. The archipelago expe-
riences a Mediterranean climate with warm and
dry summers and mild winters (mean annual
temperature: 17 C; annual rainfall: 265 mm/
year). Most precipitation occurs during autumn.
Lizard activity peaks during March–October, al-
though some (juvenile) individuals can be seen
during periods of warm and sunny weather in
winter.

Data collection.—This report is based on data col-
lected during 1992, 1993, and 1998. We carried
out a mark-recapture study during May–July
1992. Lizards were caught with a noose or in
baited traps, marked individually by toe-clip-
ping, and released after noting identity, sex, re-
productive condition, and snout–vent length
(SVL, to nearest 0.1 mm). Sexual maturity was
assessed by noting the presence of enlarged fol-
licles or oviductal eggs through palpation of the
females’ abdomens, the presence of a mating
scar (all mated females that were subsequently
recaptured proved to be gravid), or the appear-
ance of abdominal skin folds that testify to re-
cent egg-laying. The number of oviductal eggs
could be counted by carefully palpating the fe-
males’ abdomens. The (minimum) number of
clutches produced annually was estimated
through examining the reproductive condition
of individual females over consecutive recap-
tures.

During 1993, we caught 26 gravid females
and kept them in captivity until they had laid
their eggs. Individual females were housed in 60
� 20 � 45 cm terraria with a substrate of sand,
and stones and leaf litter were provided as shel-
tering sites. A box with wet sand was provided
for egg-laying. The terraria were placed under
natural conditions on the island. Food (meal-
worms) and water were available ad libitum. Fe-
males were caught on different dates (from 20
May to 19 July) throughout the reproductive
season. Following oviposition, eggs were re-
moved from the terraria, weighed (to nearest
0.01 g) and measured (maximum length and
width to nearest 0.1 mm) and, as part of anoth-
er study, marked individually and incubated in
artificial nests (Castilla and Swallow, 1995,
1996). Subsequently females were released so
that we obtained a single clutch from each fe-
male. Hatchlings from these artificial nests were
weighed (to nearest 0.01g) and measured (SVL
and tail length; to nearest 0.1 mm) within 24 h.

An additional sample of 10 females and 10
males was caught on 14 April 1998 and trans-
ported to the Institute of Nature Conservation
(Brussels, Belgium). Pairs of lizards were
housed in 100 � 40 � 40 cm terraria with a 5-
cm deep substrate of sand; several stones, pieces
of bark, and a layer of leaf litter provided shel-
ter. A plastic box filled with wet sand was pro-
vided for oviposition. The terraria received nat-
ural daylight; a 120 W light bulb, suspended at
a height of 30 cm above one end of each ter-
rarium, created a thermal gradient for 9.5 h/
day. Food (crickets and mealworms) and water
(periodically supplemented with a vitamin A �
D3 mixture) were provided ad libitum. Lizards
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initiated mating approximately seven days after
arrival in the laboratory and were kept in cap-
tivity until September, that is, two months after
termination of the reproductive season. Adult
lizards and their lab-born progeny were then
shipped back to Columbretes and released.

We inspected gravid females at least once dai-
ly. Following oviposition, the female was
weighed, and the eggs were removed, weighed
(to nearest 0.01 g), measured (maximum
length and width; to nearest 0.1 mm), and their
viability was judged by the presence of an em-
bryonic disc (indicative of fertilization) and ex-
ternal characteristics of the eggshell. As part of
another experiment, the eggs were incubated
individually at different temperature regimes.
Hatchlings were weighed (to nearest 0.01g) and
measured (SVL and tail length; to nearest 0.1
mm) within 24 h. Eggs that did not hatch were
dissected; the developmental stage of the em-
bryo was determined according to the table of
Dufaure and Hubert (1961).

Data analyses.—To examine temporal variation
in clutch size within a reproductive season, we
distinguished between two periods: May–14
June (hereafter named ‘‘May’’) and 15 June–
July (‘‘June–July’’). These correspond approxi-
mately to when the first (and part of the sec-
ond) clutches and the later clutches are laid in
this population.

Clutch mass was calculated as the sum of the
masses of all eggs in each clutch. Relative clutch
mass was estimated by the ratio between clutch
mass and the mass of the female after laying.
We calculated relative egg length, an estimate
of degree of elongation (i.e., shape) of the eggs,
as the logarithm of the ratio between egg length
and egg width.

We used multiple regression to examine the
relationship between egg characteristics (i.e.,
mass, length, width, relative egg length) and
clutch size, while holding female SVL constant
(all variables were log-transformed prior to anal-
yses). However, estimates of the partial regres-
sion coefficients may be biased when the inde-
pendent variables (i.e., clutch size and female
SVL) are highly correlated (‘‘multicollinearity,’’
Slinker and Glantz, 1985). To avoid such arti-
facts, we first calculated residual clutch size by
computing the residuals from the least-square
regression of clutch size on female SVL. Resid-
ual clutch size and female SVL, which are by
definition uncorrelated, were then used as in-
dependent variables in the multiple regression
analyses.

RESULTS

Sexual maturity.—The smallest reproductive fe-
male had a SVL of 51 mm, whereas all females
with a SVL � 59 mm were reproductive. The
percentage of females with a SVL of 51–58 mm
that were reproductive was lower during May
1992 (7 of 26, 27%) than during June–July 1992
(15 of 18, 83%; �2 � 13.5, 1 df, P � 0.001).
Hence, an important fraction of the smaller fe-
males initiate reproductive activities one to two
months later than the larger females.

Clutch frequency.—Successive recaptures of
marked individuals during the 1992 field season
revealed that individual females produced 1–3
clutches. Females that produced only a single
clutch had a smaller SVL (mean � 1 SE � 62.2
� 0.6 mm, n � 46) than females laying 2–3
clutches (64.9 � 0.5 mm, n � 31; Mann-Whit-
ney U-test, P � 0.01).

Females kept in the laboratory during 1998
laid 1–4 clutches (2, 1, 4, and 3 females pro-
duced 1, 2, 3, and 4 clutches, respectively). Liz-
ards that laid 1–2 clutches were on average
smaller (61.0 � 1.0 mm, n � 3) than those pro-
ducing 3–4 clutches (64.2 � 0.8 mm, n � 7;
Mann-Whitney U-test, P � 0.05).

Clutch size.—The number of eggs in a clutch var-
ied from 1–5, but the vast majority (97% of n
� 152) of the clutches were composed of 2–4
eggs. Clutch size increased with SVL (r � 0.40,
P � 0.001). We used a mixed-model ANCOVA
(Type III SS) to assess the effects of year (ran-
dom factor) and period (fixed factor) on clutch
size (log-transformed), with SVL (log-trans-
formed) as the covariate. Slopes of the regres-
sion equations between clutch size and SVL for
each period and year were not significantly het-
erogeneous (F2,145 � 0.21, P 	 0.80). Clutch
size, adjusted for SVL, did not differ signifi-
cantly among years (F2,147 � 3.00, P 	 0.05), but
there was a marginally significant difference be-
tween periods (F2,147 � 4.03, P � 0.046). During
all years, adjusted clutch size was slightly higher
during May than in June–July (Table 1).

Clutch mass and relative clutch mass.—Clutch mass
(summary statistics in Table 2), increased with
adult female SVL (r � 0.371, P � 0.01). The
slope of this relationship (b � 1.862; SE �
0.673; log-log transformed data) does not differ
significantly from the expected value (� 3) un-
der a model of geometric similarity (t � 1.691,
P � 0.10). Relative clutch mass is not correlated
with female length (r � 0.119, P 	 0.50). Thus,
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TABLE 1. SUMMARY STATISTICS (MEAN � 1SE) FOR CLUTCH SIZE AND SNOUT-VENT LENGTH OF REPRODUCTIVE

FEMALE Podarcis atrata AND ADJUSTED MEAN CLUTCH SIZE IN DIFFERENT YEARS AND PERIODS.

Clutch Size SVL (mm)
Adjusted

Clutch Size n

1992

1993

May
June–July
May
June–July

2.9 � 0.1
2.5 � 0.1
3.0 � 0.2
3.0 � 0.3

63.6 � 0.5
62.1 � 0.8
62.1 � 1.1
62.4 � 1.0

2.8
2.5
3.1
3.0

70
32
11
14

1998

Total

May
June–July

3.1 � 0.2
2.9 � 0.4
2.8 � 0.1

63.6 � 0.6
63.4 � 0.8
63.0 � 0.3

3.1
2.8

16
9

152

TABLE 2. SUMMARY STATISTICS FOR MEASUREMENTS OF EGG AND HATCHLING SIZE, AND CLUTCH MASS AND REL-
ATIVE CLUTCH MASS IN PODARCIS ATRATA. SE � standard error of the mean; n � number of eggs, hatchlings, or

clutches.

Mean SE Min Max n

Egg mass (g)
Egg length (mm)
Egg width (mm)
Hatchling mass (g)

0.37
12.4
7.3
0.52

0.01
0.1
0.1
0.01

0.26
10.1
6.3
0.43

0.71
15.6
8.9
0.73

104
104
104
55

Hatchling SVL (mm)
Clutch mass (g)
Relative clutch mass

29.0
1.14
0.241

0.2
0.04
0.011

26.5
0.71
0.146

31.5
1.85
0.367

31
51
25

clutch mass increases in direct proportion to fe-
male size.

Egg and hatchling size.—A significant proportion
of the total variation in all measures of egg size
and shape (mass, length, width, relative egg
length; summary statistics in Table 2) was attrib-
utable to differences among clutches (one-way
ANOVAs, all P � 0.001). Therefore, average val-
ues for each clutch were used in all following
analyses.

Mean egg mass in a clutch decreased signifi-
cantly with clutch size (r � 
0.552, P � 0.001)
and residual clutch size (r � 
0.596, P � 0.001)
but was not correlated with female SVL (r �
0.084, P 	 0.90). Hence, larger clutches are
composed of smaller eggs, independent of fe-
male SVL.

We next examine whether the decrease in
egg mass with increasing egg numbers is asso-
ciated with equivalent changes in linear egg di-
mensions (i.e., width and length of the eggs) or,
alternatively, with a change in egg shape. Both
mean egg width and mean egg length for a
clutch decreased with residual clutch size
(width: r � 
0.307, P � 0.05; length: r �

0.625, P � 0.001) and with clutch size (width:
r � 
0.239, P � 0.05; length: r � 
0.618, P �
0.001). This is hardly surprising given the de-
crease of egg mass with (residual) clutch size

and the positive correlations between egg mass
and egg width (r � 0.785, P � 0.001) and egg
length (r � 0.762, P � 0.001). Nevertheless, rel-
ative egg length (i.e., the logarithm of the
length/width ratio), which is not correlated
with egg mass (r � 0.233, P 	 0.10), decreases
significantly with residual clutch size (r �

0.415, P � 0.005) and clutch size (r � 
0.454,
P � 0.005), indicating that an increase in egg
numbers is associated with the production of
less elongated eggs. Moreover, when we statisti-
cally control for the variation in egg mass by
partial correlation, increases in residual and ab-
solute clutch size are significantly associated
with increases in egg width (residual clutch size:
r � 0.324, P � 0.05; clutch size: r � 0.377, P �
0.01) but with decreases in egg length (residual
clutch size: r � 
0.328, P � 0.05; clutch size: r
� 
0.365, P � 0.01) and relative length (resid-
ual clutch size: r � 
0.354, P � 0.02; clutch size:
r � 
0.401, P � 0.01). Thus, at a given egg
mass, eggs in large clutches are wider and short-
er (both absolutely and relatively) than those
from smaller clutches. Mean mass of hatchlings
in a clutch was positively correlated with mean
mass of the eggs (r � 0.700, P � 0.001).

Hatching success.—Detailed data on hatching
success are available for the 1998 laboratory
study only. Of a total 75 eggs judged to be viable
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at oviposition from 25 clutches, 40 eggs (53%)
hatched. All but one of the eggs that did not
hatch had fully developed embryos (develop-
mental stage 40) that had seemingly been un-
able to split the eggshell. The remaining egg
did not contain an embryo. Hatching success of
P. atrata eggs was clearly lower than for eggs of
P. hispanica (72 of 95, 76%) that were incubated
concurrently and under the same conditions of
temperature and moisture in the laboratory.

Hatching success of P. atrata eggs that were
judged viable at oviposition differed dramatical-
ly among individual clutches (G � 96.00, df �
24, P � 0.001). All eggs from 13 clutches and
two out of three eggs from two other clutches
hatched, whereas 10 clutches were entirely com-
posed of eggs that failed to hatch. The distri-
bution of clutches that did or did not contain
eggs that hatched was nonrandom among the
different females (G � 20.47, df � 9, P � 0.02).
Four females produced a total of 11 clutches
(1–4 clutches per female) with eggs that
hatched, three females laid four clutches (1–2
clutches per female) entirely composed of eggs
that failed to hatch, whereas three females pro-
duced four clutches with eggs that hatched and
six clutches of which no eggs hatched.

Comparison with populations of Podarcis hispanica
and Podarcis bocagei.—We examined to what ex-
tent reproductive characteristics of P. atrata di-
verge from those in populations of the closely
related P. hispanica and P. bocagei (Table 3). Data
were available for several populations of P. his-
panica that mutually differ in average body
length, and body size has a pervasive influence
on reproductive characteristics. We, therefore,
calculated the regression equations between
each trait of interest and mean adult female
SVL for populations of P. hispanica. The equa-
tions were then used to calculate the predicted
value of each trait, and its 95% prediction in-
terval, at the average female length of P. atrata.
If the observed value of P. atrata fell outside the
prediction interval, we rejected the null hypoth-
esis of no divergence between P. atrata and P.
hispanica. We note that, in the absence of infor-
mation on the relationships among the P. his-
panica populations, our analysis is unavoidably
nonphylogenetic. The failure to incorporate
phylogenetic information in comparative anal-
yses may lead to biased estimates of correlation
and regression coefficients (Garland et al.,
1992) and, hence, of the 95% prediction inter-
val. Nevertheless, we are confident that analyti-
cal imperfections have not altered our major re-
sults and conclusions.

Observed body length at maturity and egg
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mass of P. atrata were within the range of values
predicted for P. hispanica, based upon extrapo-
lation to mean adult female SVL equal to that
for P. atrata (Table 3). By contrast, observed
clutch size for P. atrata was significantly lower
(by 	1 egg) than for P. hispanica with similar
SVL. As a consequence of the lower clutch size,
clutch mass, which is the product of clutch size
and egg mass, was lower in P. atrata, although
the observed value only bordered the lower lim-
it of the prediction interval (Table 3).

Data were available for one population of P.
bocagei (Table 3), precluding an analysis that ac-
counts for differences in adult female SVL.
Adult female P. bocagei were significantly smaller
but exhibited a larger clutch size and laid small-
er eggs than did P. atrata (t-tests, all P � 0.001).

DISCUSSION

Our study reveals three aspects of the repro-
ductive biology of P. atrata, which are likely to
be of general interest to reptile biologists. These
are the observed change in reproductive per-
formance with female size, the trade-off be-
tween egg numbers and egg size and shape, and
the evolutionary divergence in some reproduc-
tive traits between P. atrata and the closely re-
lated P. hispanica and P. bocagei. We will discuss
these aspects in turn.

Reproductive output and female body size.—Female
P. atrata initiate reproductive activities at body
sizes of 51–58 mm SVL, attained during their
first year of life. However, some first-year fe-
males, which had attained a SVL of 45–53 mm
in June–July, were nonreproductive and pre-
sumably delayed maturity until the next year.
These observations suggest that sexual maturity
is associated with attaining a minimum body
size, rather than a minimum age as has been
suggested for other lacertids (Heulin, 1985;
Bauwens and Verheyen, 1987; Galán, 1996).

A large fraction of the smaller females that
had surpassed the minimum length at maturity
during May (i.e., with a SVL of 51–59 mm) post-
poned initiation of reproductive activities until
the second half of June or later, whereas the
larger females were reproductive from May on-
ward. Hence, larger females initiated reproduc-
tive activities before smaller individuals. Similar
findings have been reported in the lacertids L.
vivipara (Bauwens and Verheyen, 1985), Podarcis
bocagei (Galán, 1996), and L. agilis (Olsson and
Shine, 1997). These trends are hypothesized to
reflect size-related differences in the amount of
fat stores. The larger females have more fat
stores upon emerging from hibernation (Avery,

1974), enabling them to assimilate or mobilize
energy for clutch production at a faster rate
and, hence, initiate reproduction earlier than
the smaller females (Bauwens and Verheyen,
1985; Olsson and Shine, 1997). Thus, we sug-
gest that it is not only the attainment of a min-
imum size that induces sexual maturity but that
other factors, such as lipid quantities (Hahn
and Tinkle, 1965) and/or hormone levels (Ho
et al., 1982), are also important determinants.

Our results indicate that female P. atrata may
produce multiple clutches per year, as do other
species of the genus Podarcis (e.g., Barbault and
Mou, 1988; Galán, 1997). However, the number
of clutches laid per year is not a fixed charac-
teristic but differs among individual females, de-
pending at least in part on their body size.
Large females, which initiate reproductive activ-
ities early in the season, produce two to four
clutches annually. On the other hand, the small-
est individuals postpone reproduction until the
season is well advanced and lay only a single
clutch.

Although variation in clutch size was rather
restricted (most clutches were composed of 2–
4 eggs), a significant portion of the existing var-
iation was related to differences in female
length. An increase in egg numbers with female
size is a general phenomenon in lacertid lizards
(e.g., Bauwens and Verheyen, 1987; Barbault
and Mou, 1988; Braña, 1996) and in many other
lizards with variable clutch size (e.g., Dunham
et al., 1988). An additional portion of the vari-
ation in clutch size was attributable to seasonal
differences: the number of eggs, adjusted for
female length, was slightly but significantly low-
er for clutches laid during June–July than for
those produced during May. A similar decline
in clutch size as the reproductive season pro-
gresses has been observed in other lacertids
(Barbault and Mou, 1988; Heulin et al., 1994;
Galán, 1997). Seasonal variation in clutch size
presumably reflects differences in the proxi-
mate source of the energy allocated to different
clutches. In several lacertids, yolk production
for the first annual clutch is mainly derived
from fat reserves stored before hibernation,
whereas energy shunted to subsequent clutches
is mainly derived from recent food intake
(Braña et al., 1992).

Trade-off between clutch size and egg size.—A central
tenet of life-history theory is that increases in
offspring size are accompanied by decreases in
clutch size (e.g., Lack, 1967; Smith and Fretwell,
1974; Stearns, 1992). This trade-off is inevitable
for single reproductive events, given a fixed
amount of energy allocated to each one. The
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maternal energy allocation may be limited by
energy availability or by the volume of the ma-
ternal body cavity that contains the eggs (Roff,
1992). Nevertheless, individual differences in
energy allocation to reproduction may blur the
phenotypic manifestation of the trade-off func-
tion (Partridge and Sibly, 1991). Our data show
that among-clutch differences in egg mass are
negatively correlated with clutch size, and that
this relationship is independent of female size.
Hence, a trade-off between egg size and num-
bers is apparent among individual females with-
in the studied population.

Our analyses also demonstrate a relationship
between clutch size and egg shape; at a given
egg mass, larger clutches are composed of less
elongated (i.e., rounder) eggs than are smaller
clutches. Under the assumption that resource
acquisition limits the amount of energy allocat-
ed to reproduction, we expect a negative rela-
tionship between egg numbers and egg size but
no relationship with egg shape. In contrast, if
body volume constrains reproductive allocation,
both egg size and egg elongation should de-
crease with egg numbers. Indeed, for eggs that
are arranged linearly in the oviduct, the length
of the oviduct should limit egg length (Ford
and Seigel, 1989) such that a larger number of
eggs can only be accommodated when egg
length is reduced. Thus, the observed decrease
of egg elongation with clutch size indirectly sug-
gests that reproductive allocation and the re-
sulting phenotypic trade-off between egg size
and numbers is induced by limitations imposed
by female body volume, rather than by restric-
tions of energy availability. Qualls and Shine
(1995) and Qualls and Andrews (1999) provide
other types of evidence for a restriction of re-
productive output and egg dimensions by ma-
ternal body volume in lizards.

Evolutionary divergence in reproductive traits among
Podarcis atrata, Podarcis hispanica, and Podarcis bo-
cagei.—Podarcis atrata had long been considered
a subspecies of P. hispanica and was only recently
elevated to species status (Castilla et al., 1998).
Thus, based on traditional taxonomy, P. atrata
and P. hispanica should be considered as sister
taxa. However, a recent analysis of the phylo-
genetic relations within Podarcis using mito-
chondrial DNA sequences (Harris and Arnold,
1999) challenges this view. According to this
study, P. atrata would be more closely related to
P. bocagei of northwest Iberia than to P. hispanica,
which inhabits most of the Iberian peninsula in-
cluding the coast of eastern Spain proximal to
the Columbretes Islands. Nevertheless, evidence
for this dichotomy pattern is weak, with low

bootstrap support (Harris and Arnold, 1999).
Given the conflicts between arguments based
on traditional taxonomy, biogeography, and
molecular phylogeny, we conservatively consid-
er the phylogenetic relationships among these
three species as unresolved. We note that the
evolutionary divergence between P. atrata and
either P. hispanica or P. bocagei took place within
a period of one million years or less, the esti-
mated age of the Columbretes Islands (Martı́ et
al., 1992).

Female P. atrata exhibit a larger mean body
length than populations of P. hispanica. The
body length at sexual maturity and egg mass of
P. atrata are within the range of values expected
for a hypothetical population of P. hispanica with
mean adult female SVL equal to that observed
for P. atrata. In contrast, clutch size in P. atrata
is clearly lower than expected for P. hispanica,
to the extent that absolute numbers of eggs are
lower (by more than one egg) than in many
populations of P. hispanica. Similarly, although
adult females of P. atrata are clearly larger than
female P. bocagei, clutch size is considerably
smaller (by more than one egg) in the former
species. Thus, we hypothesize that the evolu-
tionary divergence of P. atrata was characterized
by an increase in adult female length but that
clutch size either remained constant or, more
likely, decreased.

A recent phylogenetically based comparative
study explored patterns of covariation among
life-history traits in European lacertid lizards
(Bauwens and Dı́az-Uriarte, 1997). A major con-
clusion was that evolutionary changes in adult
female length were associated with parallel
changes in size at sexual maturity, clutch size,
egg size, and hatchling length. The increase in
female length during the divergence of P. atrata
without a concomitant increase in clutch size,
provides a clear exception to this general pat-
tern.

If species are to persist over time, an evolu-
tionary decrease in clutch size should be com-
pensated for by a change in some other life-
history trait. This could be achieved by starting
to reproduce at a smaller size (i.e., earlier), by
increasing the number of clutches produced an-
nually or by an increase in immature and/or
adult survival rates. Available information does
not indicate that P. atrata starts reproducing ear-
lier, or reproduces more frequently, than P. his-
panica or P. bocagei. Neither is there any evi-
dence for a higher survival rate in the immature
life stages. Size of the eggs and hatchlings,
which may be associated with higher survivor-
ship (Sinervo et al., 1992), is not disproportion-
ally larger in P. atrata, whereas hatching success
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in laboratory conditions was lower than in P.
hispanica. In addition, hatchlings P. atrata are
subject to frequent cannibalistic attacks by adult
conspecifics (Castilla and Van Damme, 1996),
but we are unaware of observations testifying
cannibalism in populations of P. hispanica and
P. bocagei. Thus, if anything, available informa-
tion suggests that survival of immature P. atrata
may be lower than in P. hispanica and P. bocagei.
By contrast, many species of birds and all mam-
mals and snakes that prey on P. hispanica and P.
bocagei on the Iberian mainland are absent from
the insular environment inhabited by P. atrata,
suggesting that predation rate is relaxed on
adults (Van Damme et al., 1998). Future studies
should nevertheless establish to what extent
adult survival rates differ among P. atrata, P. his-
panica, and P. bocagei.
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BRAÑA, F. 1983. La reproducción de los saurios de
Asturias (Raptilia; Squamata): ciclos gonadales, fe-
cundidad y modalidades reproductoras. Rev. Biol.
Univ. Oviedo 1:29–50.

. 1996. Sexual dimorphism in lacertid lizards:
male head increase vs female abdomen increase?
Oikos 75:511–523.

, A. BEA, AND M. J. ARRAYAGO. 1991. Egg re-
tention in lacertid lizards: relationships with repro-
ductive ecology and the evolution of viviparity. Her-
petologica 47:218–226.
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GARCÍA-FERNÁNDEZ, J. 1990. Dieta y reproducción de
Podarcis hispanica y Podarcis muralis en la Sierra de
Guadarrama. Unpbul. master’s thesis, Universidad
de Salamanca, Salamanca, Spain.

GARLAND JR., T., P. H. HARVEY, AND A. R. IVES. 1992.
Procedures for the analysis of comparative data us-
ing phylogenetically independent contrasts. Syst.
Biol. 41:18–32.

GIL, M. J. 1992. Estudio de la comunidad de Saurios
de la vertiente meridional de la Sierra de Gredos.
Unpubl. Ph.D. diss., Universidad de Salamanca, Sal-
amanca, Spain.

HAHN, W. E., AND D. W. TINKLE. 1965. Fat body cy-
cling and experimental evidence for its adaptive sig-
nificance to ovarian follicle development in the liz-
ard Uta stansburiana. J. Exp. Zool. 158:79–85.

HARRIS, D. J., AND E. N. ARNOLD. 1999. Relationships
of wall lizards, Podarcis (Reptilia: Lacertidae) based
on mitochondrial DNA sequences. Copeia 1999:
749–754.

HEULIN, B. 1985. Maturité sexuelle et âge à la pre-
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