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Data documenting the reproductive characteristics of species of the genus Chalcides are
still quite scarce (Orsini and Cheylan, 1981; Schleich et al., 1996). A case in point
is Bedriaga’s skink, Chalcides bedriagai, which is an endemic species of the Iberian
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Peninsula. The only published data on this species are limited to studies of populations
living on the eastern coast and southern areas of this Peninsula (López-Jurado et al.,
1978; Hailey et al., 1987; González de la Vega, 1988; see review in Salvador, 1998),
referring to C. bedriagai bedriagai and C. b. cobosi. Little information is available about
the reproductive aspects of western populations of the well differentiated C. b. pistaciae,
a subspecies which some authors believe should be elevated to the status of a full species
(e.g. Pasteur, 1981;Barbadilloet al., 1999).Here I report data on the reproductivecycle and
related characteristics of a population of this skink inhabiting coastal areas of north-west
Spain.

The � eld work was carried out at Lariño beach, in the municipality of Carnota, A Coruña province, north-
west Spain (UTM: 29T MH9035; 42±460N, 9±80W). This area is included in the Wet Oceanic climate type
(Carballeira et al., 1983), characteristic of coastal areas of the north-west Iberian Peninsula. Average annual
rainfall is 1380 mm, and the average annual number of hours of sunshine is about 2500. Within-year temperature
variation is small: the mean temperature of the coldest month (January, mean temperature 10.5±C) is only 10.3±C
lower than that of the warmest month (July, mean temperature 20.8±C). Annual mean temperature is 16.0±C
(Martínez Cortizas and Pérez Alberti, 1999).

Skinks live in sandy areas covered with grass (Vulpia alopecurus, Tolpis barbata, Xolantha guttata, etc.)
belonging to the inner part of a beach, an ecotonal zone between the sand dunes of the beach and a grassland
with scrub (Rubus spp., Cistus salvifolius, Ulex europaeus and Cytisus scoparius). This site is strewn with stones
from the remains of an old wall. As these stones are used by the lizards as cover objects, the animals can be easily
found by simply turning the stones over.

Data were collected from February through November in 1997, 1998, 1999, 2000 and 2001. All observations
were carried out on live animals only. None of the animals were killed to study their internal organs, but all were
later released in the study area.

At each visit to the study site, I attempted to capture all the lizards observed, whenever possible. The skinks
were caught by hand while they were resting under stones and then marked individually by toe-clipping and
released. Data on identity, reproductive condition, snout-vent length (SVL, to nearest 0.1 mm), tail length
(including regenerated parts), pileous length and width, forelimb and hindlimb length, body length (between
limbs, from the armpit to the groin), and weight (to the nearest 0.1 g) were recorded. Each skink was processed
quickly (<5 min) at the capture site, and released immediately.

Three age classes could be distinguished, mainly on the basis of body length and recapture data of juveniles
marked in the year of their birth: juveniles (lizards born in the present year; SVL usually < 40 mm), subadults
(lizards born in the preceding year, before reaching sexual maturity; SVL < 73 mm), and adults (SVL > 73 mm).
The difference between subadult and adult skinks could only be identi� ed in females, as this was the only sex
that showed external signs of reproduction, i.e. pregnancy.

The annual activity period was determined by observing skinks that were active on the surface or under stones
(or other objects on the ground, like boards or logs) during all the months of the year (in different years). Mating
was determined by the presence of recent scars (copulation marks) on the female’s neck or body. In all cases of
prompt recapture of females with a mating scar but not visibly pregnant, pregnancy was evident at the time of
recapture.

Reproductive condition of females was evaluated by ventral palpation. The presence of enlarged ovarian
follicles, oviductal eggs and embryos was detected by ventral palpation of live adult females captured in the
study area. Nevertheless, in some cases, it was dif� cult to determine the reproductive condition due to skin
rigidity in these lizards. Pregnancy (females with developed embryos in their oviducts), however, was able to be
identi� ed in all cases. Gravid females were transferred to the laboratory where they were kept in plastic boxes
(40 £ 20 £ 15 cm), containing 2 cm of sandy soil at room temperature (23-26±C). They were fed on mealworms
(larvae of Tenebrio molitor), crickets, and given water forti� ed with vitamins and minerals until the young were
born. Plastic boxes were checked at least four times a day for the presence of offspring. Postpartum females and
their offspring were removed from the plastic boxes to be weighed and measured. This was done within 12 hours
of birth. Body measurements of postpartum females and their offspring included snout-vent length (SVL), tail
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length (to the nearest 0.1 mm), and body mass (to the nearest 0.001 g). Offspring were also marked individually
by toe-clipping for future identi� cation. All individuals were later released at the capture site.

The appearance of offspring in the study area was determined by the observation of neonates with an open
navel scar (this ori� ce closes up 5-7 days after birth), as well as by size (they had the same body size as the
offspring born in the laboratory: SVL < 37 mm).

A number of hatchlings were marked by toe-clipping (n D 118, 65 born in the laboratory and released in the
study area and 53 found in the study area). The subsequent recaptures of these individuals allowed to determine
age and size at sexual maturity. Females were considered to be sexually mature based on signs of pregnancy
observed in small females during the gravid period and eventual birth in the laboratory. As reported by Hailey
et al. (1987) for Chalcides bedriagai from Calpe (East coast of Spain), except for dissection, the only way to
differentiate between the sexes is during the reproductive season when females are pregnant. For this reason, I
only studied the onset of sexual maturity in females.

All statistical analyses were done by Statview IV statistical package. In the text and tables, mean values are
cited § standard errors (s Nx). In some cases, coef� cients of variation (CV) are also included. When parametric
analyses were used, the normality of all data was � rst con� rmed (Kolmogorov-Smirnov test).

Skinks emerged from hibernation in late March or early April. Full activity occurred
between April and the beginning of September in all the study years. Very few lizards
were observed in mid-September and none after the beginning of October.

Females with recent copulation marks (clearly visible on the neck) were observed from
late April (1997, 2001) or early May (1998, 1999, 2000) to late June (in all the years
of the study). Therefore, mating took place principally in May and June. In the study
area, gestation continued until August. The gravid period lasted two-three months: from
May-June to August. Most of the births were observed in August (92%, n D 25). Only
two gravid females taken to the laboratory gave birth in late July. After the beginning of
September, all females were postreproductive. The animals gave birth in the laboratory
between 27 July to 20 August (1997), 11 to 21 August (1998), 16 to 25 August (1999),
10 to 18 August (2000) and 10 to 29 August (2001). Mark-recapture records for a number
of females caught during the breeding season from 1997 to 2001 provided information
on birth frequency. In these years, all the females monitored (n D 33) gave birth once.
At Lariño beach, newborn juveniles were observed from late July (1997 and 2001) or the
beginning of August (1998, 1999 and 2000). From early September onwards, all juveniles
observed had a closed umbilical ori� ce and were slightly larger than the maximum size
recorded in laboratory births (SVL 36.7 mm) (table 1).

Table 1. Offspring and juvenile sizes (SVL in mm) in neonates born in the laboratory and individuals from the
study area in different months of their � rst calendar year.

Offspring born Juveniles in study area (Lariño beach)
in laboratory

(late July and July August September
August)

SVL in mm (Mean § 1 s Nx ) 35:46 § 0:15 35:40 § 0:32 37:96 § 0:54 39:73 § 0:59
Range 33.8-36.7 33.6-36.2 35.7-41.0 36.0-42.5
n 65 6 25 22
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Table 2. Summary statistics for measurements of adult females of Chalcides bedriagai pistaciae captured when
they were pregnant, and other adult individuals that did not show signs of gravidity or copulation marks during
the gestation season, in July-early August (presumed males). P is the probability for between-sex differences.

Mean § 1 s Nx CV Min Max n P

Adult females
Snout-vent length (mm) 82:69 § 1:15 6.04 73.2 91.0 31 0.11
Tail length (mm) 68:40 § 4:02 13.14 61.0 83.0 8 0.45
Weight, not gravid, after birth (g) 7:02 § 0:44 20.59 4.2 9.3 31 0.36
Pileous length (mm) 9:27 § 0:15 5.50 8.3 10.1 31 0.76
Pileous width (mm) 5:54 § 0:12 7.05 4.7 6.0 31 0.06
Forelimb length (mm) 9:29 § 0:19 6.71 8.1 10.0 31 <0.01
Hindlimb length (mm) 15:80 § 0:25 5.29 14.8 17.7 31 <0.05
Body length, between limbs (mm) 56:39 § 1:34 7.30 50.0 63.0 31 <0.05
Snout-ear length (mm) 10:31 § 0:18 5.42 9.1 11.2 31 0.62

Adult individuals not gravid during gestation season (presumed males)
Snout-vent length (mm) 79:77 § 1:40 6.80 73.0 90.5 28
Tail length (mm) 76:33 § 3:33 7.56 73.0 83.0 6
Weight (g) 6:51 § 0:34 20.36 5.1 9.5 28
Pileous length (mm) 9:21 § 0:13 5.27 8.5 10.2 28
Pileous width (mm) 5:21 § 0:09 7.02 4.7 5.7 28
Forelimb length (mm) 9:92 § 0:13 5.23 9.1 10.8 28
Hindlimb length (mm) 16:47 § 0:19 4.35 15.0 17.5 28
Body length, between limbs (mm) 53:13 § 1:26 9.18 47.0 62.0 28
Snout-ear length (mm) 10:18 § 0:17 6.58 9.1 11.2 28

Table 2 shows the measurements of females and presumed males caught during the
present study. If adult females reproduce every year, then the adult-sized individuals (SVL
> 73 mm) that do not show signs of pregnancy or copulation marks during the gestation
season — in July and early August — are presumed to be males. Table 2 also presents
the measurements of the other individuals. Nevertheless, it is possible that some of these
individuals may not really be males. Comparisons between these two samples showed
signi� cant statistical differences in forelimb length (one factor ANOVA, F1;57 D 7:46,
P D 0:008), hindlimb length (F1;57 D 5:17, P D 0:027), and body length (F1;57 D 5:69,
P D 0:020).

Characteristics of litters and offspring were investigated on the basis of 25 litters. The
characteristics of these females, their litters and offspring are summarised in table 3. Note
that the sample size of reproductive females in this table differs from the number of adult
(gravid) females in table 2. This is due to the fact that six litters corresponding to six
females were not able to be studied. Most of the reproductive characteristics examined
were dependent upon maternal size (snout-vent length, SVL). The relationshipshaving the
highest statistical signi� cance were between litter weight and maternal SVL (r2 D 0:396,
F1;24 D 15:07, P D 0:0008) and between offspring weight and maternal SVL (r2 D 0:347,
F1;24 D 12:21, P D 0:002). Also, litter size (r2 D 0:171, F1;24 D 4:73, P D 0:04) and
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Table 3. Summary statistics for measurements of reproductive females that gave birth in the laboratory, and some
reproductive characteristics.

Mean § 1 s Nx CV Min Max n

Reproductive female SVL (mm) 82:30 § 0:95 5:75 73:2 91:0 25
Reproductive female weight (g) (after birth) 6:550 § 0:22 16:50 4:177 8:715 25
Litter size 2:72 § 0:12 0:38 2 4 25
Litter weight (g) 1:591 § 0:08 24:27 0:918 2:180 25
Relative clutch mass 0:245 § 0:01 23:19 0:128 0:352 25
Offspring SVL (mm) 35:46 § 0:15 2:05 33:8 36:7 65
Offspring weight (g) 0:583 § 0:01 11:19 0:459 0:717 65

offspring SVL (r2 D 0:229, F1;24 D 6:85, P D 0:01) were signi� cantly related to maternal
SVL.

Litter size ranged between 2 to 4 offspring. Maximum number of offspring and mean
litter size were lower in smaller/younger females (SVL < 80 mm: mean litter size:
2:38 § 0:18; range: 2-3; n D 8) than in bigger/older ones (SVL > 80 mm: mean litter
size: 2:88 § 0:15; range: 2-4; n D 17), but differences in litter size were not signi� cant
between these two size/age classes (Student’s t D 2:05, P D 0:08).

Relative clutch mass, calculated as total offspring weight/maternal weight after birth,
bore no relation to female size (r2 D 0:01, F1;24 D 0:25, P D 0:6). This ratio showed
a wide variation among the different litters (table 3). None of the offspring born in the
laboratory were visibly malformed, but two of the animals, from two different litters, were
stillborn.

The SVL of the smallest female containing oviductal eggs was 73.2 mm. The SVLs of
the next three smallest-sized females showing signs of pregnancy were 74 mm, 75.5 mm,
and 76 mm. Thus, females attained sexual maturity at a minimum SVL of about 73-74 mm.
Recapture records of juveniles marked in the year of their birth also indicated that slightly
less than half of all individuals of a given cohort (females; 43.3%, n D 30) reached sexual
maturity within their third calendar year (two years old), when they attained a SVL >

73 mm in May-June. The remaining female individuals (56.7%, n D 30) did not attain
the minimum body size at maturity before the end of the reproductive season and reached
sexual maturity in the subsequent year (fourth calendar year, three years old). At this age,
all the individuals of a cohort had exceeded the minimum size of sexual maturity (� g. 1).

In skinks of the genus Chalcides, the best studied taxa in terms of reproduction biology
are Chalcides chalcides and C. striatus (Orsini and Cheylan, 1981; Braña, 1983; Pérez-
Quintero, 1988; González de la Vega, 1988). In contrast, there is much less information
available on the Chalcides ocellatus species group, which includes the Iberian species
Chalcides bedriagai. As regards this Iberian endemism, most of the information reports
on two eastern populations from Alicante province, assigned to the nominal subspecies
C. b. bedriagai (Seva and Escarré, 1976; López-Jurado et al., 1978; Hailey et al., 1987).
Virtually nothing has been written on the occidental taxon C. b. pistaciae, except for some
minor references (e.g., Gil, 1992; Galán and Fernández, 1993; see Salvador, 1998, for a
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Figure 1. Changes in body size (snout-vent length, SVL, in mm) of Chalcides bedriagai from Lariño during the
three � rst years of life, based on recaptures of yearlings marked after birth. A: sexual maturity size in females.
B: maximum body size observed in individuals of this population. Combined data from all the study years.

review of the bibliography).A comparison of the data on the reproductionof these eastern
populations of bedriagai subspecies (López-Jurado et al., 1978; Hailey et al., 1987) with
the A Coruña populationof the pistaciae form studied here, has revealed several important
differences. The body size of reproductive females is much greater in A Coruña than
in the eastern populations: the maximum body size (SVL) recorded in the two Alicante
populations (75 and 78 mm SVL) is only slightly larger than the minimum body size in
mature females from A Coruña (73-74 mm SVL). In the eastern populations (bedriagai
subspecies), females attain sexual maturity at 57-61 mm SVL (López-Jurado et al., 1978;
Hailey et al., 1987), a body size that belongs to the subadult size class in the A Coruña
population(pistaciae subspecies). In keeping with the larger body size of individualsin the
populationstudied, offspring SVL and weight were also greater in the A Coruña population
(table 3). Mean litter size was greater in the Lariño population, as well, but the difference
was less pronounced (2.72 versus 2.15-2.38 offsprings). This might also be related to
differences in maternal size between these populations. In contrast, the eastern (bedriagai)
populations showed a larger maximum litter size consisting of six offspring versus only
four offspring in the Lariño (pistaciae) population. Nevertheless, this difference might
be due to the relatively low sample size of births from the population studied. On the
other hand, the small litter size observed in the larger females of Lariño might be accurate
since I observed a maximum litter size of four (or less) offspring, even in several female
individualshaving maximum body size (SVL > 88 mm).

In accordance with the larger body size of A Coruña skinks and the relatively similar
average litter size, the mean relative clutch mass was lower than in the eastern bedriagai
populations (average 0.24 in the Lariño populationvs 0.37 in eastern ones).
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Another important difference between the pistaciae and bedriagaipopulations is related
to the timing of the reproductive cycle: while in the population studied mating took place
in May-June and births occurred between late July and August, in eastern populations
(east Spain) births took place from late May to late August (López-Jurado et al., 1978),
and in southern populations (south Spain) mating occurred between March and June, and
gestation lasted 78 days (González de la Vega, 1988). These differences may be due to the
climate differences between geographic areas.
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