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In many oviparous species, factors affecting embryo survival may represent a very
important cause of population declines (Overall 1994). Among other perturbations,
environmental contaminants can severely affect embryonic development and can
potentially contribute to embryo mortality. Reptile and bird eggs have been
considered well protected from the external environment (Rose et al.1999,
Sparling et al. 2000) and the presence of environmental contaminants on eggs of
these vertebrates has been assumed to respond to the maternal transference during
egg formation (Kleinow et al. 1999). Maternal transference is a logical source of
contaminants during vitellogenesis and oviductal egg retention. However, eggs are
exposed to many environmental contaminants in the nest environment during
incubation. Some contaminants could enter into the eggs affecting embryos.
Recently, Canas and Anderson (2002) have demostrated uptake of organochlorine
pesticides by snake eggs incubated in contaminated nest material. However, there
is little evidence of the potential risk of contaminated soils to terrestrial vertebrate
eggs (Di Giulio and Tillitt 1999, Sparling et al. 2000).

We have tested whether arsenic present in the nest material may cross through the
flexible eggshell of reptiles affecting embryos. Reptile eggs usually develop in

soil without parental care and the soil environment decisively affects embryonic
development. Flexible-shelled eggs are especially sensitive to their hydric
environment and can take large amounts of water from the soil increasing their
weight up to three or four times from egg laying (Thompson 1987, Packard and
Packard 1988). Reptile eggshells are also permeable to some gases such as oxygen
and carbon dioxide (Ackerman 1980). To test whether soil contaminants can cross
through the reptilian eggshell, we exposed eggs of the Iberian rock lizard (Lacerta
monticola cyrenni) to an artificial substrate watered with a solution with four
concentrations of arsenic (50, 100, 250 and 500 ppb of As) and a control. We also
analyzed the effects of the detected levels of arsenic on eggs. Arsenic is a
naturally occurring metalloid found in soils and is neurotoxic to a variety of
organisms (Chang 1996).

MATERIALS AND METHODS

We collected 13 gravid Iberian rock lizard females (Lacerta monticola cyrenni)
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from Gredos Mountains (Avila, Spain), during the last week of June 2001. Females
were collected in areas where they were abundant and there were no close sources
of pollution. All animals were captured and cared for throughout the experiment in
accordance with the principles and guidelines of the Spanish laws regarding the
use of wild animals for scientific research. They were housed individually in 30 L
plastic containers in the laboratory at approximately 26 °C under natural daylight
allowing for some exposure to UV radiation. Dechlorinated drinking tap water
treated for human consume was provided ad libitum. The floor of the containers
was filled with 8 cm of wet washed sand that was watered regularly with drinking
tap water. Arsenic concentrations in drinking tap water and washed sand were
considered negligible. Females were fed with living Tenebrio sp larvae ad libitum,
previously dusted with multivitamin powder. Egg laying took place after a
maximum of 15 days of captivity. All females laid an average of 7 eggs per clutch.

Immediately after egg-laying, the eggs were extracted from the sand, cleaned with
a soft brush, weighed using a digital scale (+ 0.01 g) and measured with a digital
caliper (+ 0.1 mm). Before the beginning of the experimental treatment, the eggs
were incubated at 26 °C in washed sand watered with distilled water. After egg
laying, females were released to the same locations in which they were collected.

The permeability of eggshells to arsenic and its bioaccumulation and effects in
embryos were tested incubating single eggs in wet vermiculite with As water
concentrations ranging from 0 to 500 ppb. One fertile egg of each clutch was

Table 1. Concentration of Cu, Cd, Zn, Pb and As on lizard eggshells and in
embryos of Lacerta monticola cyrenni incubated on vermiculite with
different concentrations of arsenic (ng As/g).

Tissue [Substrate As (ng/g) Cu (ng/g) Cd (ng/g) Zn (pg/g) Pb (ng/g)
As

Eggshell E) ] 14.7+0.9 1.08+0.01 3.48+0.00 9.19+0.05 142.6+0.0
50 29.6+1.3 1.19+0.01 4.14+0.22 7.59+0.01 59.3+£2.2
100 57.4+0.3 1.66+0.02 7.10+0.08 15.52+0.05 81.9+4.4
250 64.4+1.9 0.74£0.03 2.52+0.06 11.22+0.03 48.24+2.3
500 88.5+0.0 0.79+0.01 2.85+0.14 9.30+0.09  42.6+0.4

Embryo |0 nd 0.79+0.01 3.00+0.18 14.03+0.06 31.7+1.1
50 16.0+1.0 0.73+0.00 3.00+0.19 13.26+0.07 61.2+1.1
100 12.9+0.6 0.49+0.00 3.19+0.18 13.82+0.10 55.5+0.2
250 25.9+1.3 0.71£0.01 2.73+0.12 11.26+0.09 140.9+3.5
500 38.2+1.4 0.54+0.01 2.83+0.17 13.26+0.03 96.6+0.2

nd = non detected. N=4 for both tissues and all As concentrations
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randomly assigned to each of five experimental treatments (0, 50, 100, 250 and
500 ppb As). The ninety eggs were individually introduced inside plastic
containers (110 ml) filled with 100 ml of sterile As-free vermiculite. The substrate
completely covered the eggs. Selected As concentrations were obtained from a
concentrated arsenic standard solution of As pentoxide (arsenic acid in nitric acid
0.5 mol/I)(Merck, Germany) in distilled water. The same amount of each As
concentration solution or distilled water (for controls) was added to the vermiculite
of each container until the acquisition of a water potential of —150 KPa following
methodology proposed by Packard (1991). The substrate pH was recorded in each
container before the addition of the egg and was not influenced by the As solution.
Previous studies on lizard eggs indicate that the impact of the nitrate added with
the As is negligible (Marco et al., unpubl. data). The containers were closed with
lids to minimize evaporation. The experiment was conducted in July and August
2001 in an incubation chamber at 26 °C (Sanyo Incubator MIR 52, Japan). The
selected values for temperature and water potential fall within the ranges of values
measured for natural nests. In order to reduce the risk of fungal infection and
substantial changes on substrate water potential, substrates were replaced every 14
days. During the substrate replacement, eggs were treated carefully and relocated
in the new substrate conserving the original egg position. At the beginning of the
exposure to As and when the substrate was replaced, we recorded the survival and
the external shape and aspect of eggs and weighed them using a portable digital
scale to the nearest of 0.01 g. The increased rate of egg mass was calculated by
dividing the increase of egg mass during the experimental incubation (a period of
18 days) by the egg mass at the beginning of the experiment. From 5 to 7 days
before hatching and when embryos were in the last developmental stages, the
incubation of four eggs from each treatment was ended in order to analyse them
for As and other metals. The four eggs analyzed from each treatment correspond to
the same 4 clutches, thus reducing the influence of genetic or maternal effects.
These analyzed eggs had been exposed to As from 24 to 26 days. The rest of the
eggs were incubated in their As treatments until hatching in order to analyse the
impact of As on hatching success and hatchling size and fitness.

As, Cd, Cu, Pb, and Zn concentrations were measured separately on embryos and
eggshells. For element determination, 0.5 g of fresh tissue was placed in hermetic
Teflon digester containers. Digestion was performed in an acid medium with 0.5
ml HNO; and H,O; (4 drops), with the sample in the furnace at 100 °C for 4 hours.
Analyses of Zn were performed using a flame Atomic Absorption Spectrometer
(AAS) (Spectra A-100, Varian, Palo Alto, California, U.S.A.). Cu, Cd, Pb and As
were measured using a Perkin-Elmer (PE) longitudinal AC Zeeman (A Analyst
600) AAS equipped with a Transversely Heated Graphite Atomizer (Perkin-Elmer
Hispania, S.A., Madrid, Spain). The instrumental detection limits (LOD) were: 0.2
ng/ml for As; 0.008 ng/ml for Cd; 0.1 ng/ml for Cu; 0.06 ng/ml for Pb and 10
ng/ml for Zn. All specimens were analysed in batches, with method blanks, known
standards, and reference material, DORM-2 (dogfish (Squalus acanthias) liver),
and TORT-2 (lobster hepatopancreas), from U.S. National Research Center
(Washington D.C., U.S.A.). Accepted recoveries of reference material

ranged from 88 to 110%. Relative standard deviation (RSD) in replicates and
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Figure 1. Relationship between As concentration (+ SE) of water substrate and
lizard eggshells and embryos after an exposure of eggs to different As
concentrations during incubation. Squares and the dashed line correspond to
eggshells and triangles and the continuous line correspond to embryos.

reference material was always below 10%. The bioconcentration factor (BCF) was
calculated as the ratio of the concentration of the chemical in the eggshell or
embryo to the concentration in the substrate water.

The remaining eggs hatched after an average of 36.3 days of incubation and 31.4
days of exposure to As. Immediately after hatching we measured hatchling snout-
vent length (SVL) and body mass. We also examined hatchlings for external
morphological abnormalities and behavioral alterations. Hatchlings were housed in
30 L plastic containers in the laboratory at approximately 26 °C under natural light
and were fed with crickets that were dusted with multivitamin powder before
being presented. To determine whether substrate As concentration during
incubation had an effect on hatchling locomotor ability, we measured the running
speed of each individual within the first 24 h after hatching. All hatchlings had the
tail intact. Hatchlings were forced to run a distance of 1 m by chasing them by
hand. The track was constructed of cardboard 120 cm long with vertical walls 30
cm high positioned 20 cm apart and the floor was lined with sand. To calculate
running speed we considered the time hatchlings took to run 100 cm, excluding the
first and the last 10 cm of the track. Running times were recorded with a stopwatch
to the nearest of 0.1 s. We tested each hatchling once. At the end of the
experiment, hatchlings were released in the area where females had been collected.

RESULTS AND DISCUSSION
At the end of the experiment, As in control eggs was very low on eggshells and

undetectable in embryos (Table 1). For that reason, and given that the eggs from
all treatments were produced simultaneously by the same females, we believed
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Figure 3. Relationship between average hatchling running speed (+ SE) and
exposure to arsenic in the substrate water during lizard embryonic development.

contamination should be considered as an important factor in environmental risk
assessment for reptile species with flexible-shelled eggs.

One embryo died during the experiment. We did not find any external
developmental abnormalities in eggs or hatchlings. The tested levels of As had no
effect on embryo survival, incubation duration and hatchling size. There was a
strong negative relationship between the average hatchling running speed for each
treatment and the As in the substrate water (Pearson correlation: r = -0.975, F; 3=
57.03, P = 0.005)(Fig. 3) and this variability was independent of hatchling SVL.
Substrate As containation hampered hatchlings in running and hence reduced
escape and foraging efficiency. Escape using fast movements is an important
defensive behavior for many lizard species and may be considered as an indicator
of fitness (Bauwens and Thoen 1981). Moreover, most reptiles have an intensive
foraging strategy and they travel considerable distances, often at a very high
running speed (Avery et al. 1987). Decreased locomotor ability and increased
energetic costs of locomotion due to the egg incubation on contaminated substrates
may influence survival or success of juveniles.

Reptilian species are declining on a global scale and environmental contaminants
have been suggested as one of the main causes (Gibbons et al. 2000). Reptiles are
exposed to numerous environmental contaminants and many studies have
documented their bioaccumulation in different tissues and eggs (Sparling et al.
2000). Most of these studies have been conducted in turtles and crocodilians
(Meyers-Schone and Walton 1994, Crain and Guillette 1998), and very few studies
have been conducted on snakes or lizards (Campbell and Campbell 2002, Talent et
al. 2002). Moreover, the bioaccumulation of toxicants or any resulting toxic effect
on eggs has been assumed to have its only origin in maternal transference during
egg formation (Kleinow et al. 1999, Russell et al. 1999). Very few experiments
document the effects and the dose-effect relationship of contaminants to reptiles
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(Sparling et al. 2000). However, this study provides evidence of an uptake of a
contaminant from the nest environment and its bioaccumulation and toxic

effect on embryos. We suspect that soil contamination may be contributing to the
decline of reptiles with flexible-shelled eggs.
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