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Abstract. In this paper some aspects of the thermal ecology of Podarcis raffonei, a lacertid lizard
endemic to the Aeolian Archipelago (NE Sicily, Tyrrhenian Sea) which is on the verge of extinc-
tion and is now considered as one of the most endangered lizard species in Europe, are provided.
Field body temperatures were recorded on adult lizards from two islets (Scoglio Faraglione and
Strombolicchio) which are separated each other by a long and deep sea channel and are charac-
terized by different landscape. The range of the body temperatures registered in . raffonei is con-
gruent with the field body temperatures known for some lacertid lizard species occurring on other
Mediterranean small islands. Podarcis raffonei seems to adopt a strictly heliothermic strategy. The
studied lizard populations were not thermoconformers, as they do actively bask and keep their
temperatures regardless of the environment thermal conditions. Despite thermal conditions were
identical on the two islets, mean and median body temperatures were higher on Scoglio Fara-
glione than on Strombolicchio The difference in body temperatures observed in the investigated
populations could be explained taking into account some operating natural selection factors (dif-
ferent genetic and morphological characteristics of the studied populations; different geological,
pedological and vegetation cover characteristics of the two islets; different morphology and sun
exposure of the rocky slopes of the islets).
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INTRODUCTION

Field records of body temperatures are essential to understand how lizards in-
teract with their thermal environment (see e.g. Huey et al., 1977; Van Damme et
al., 1989; Adolph, 1990). Hovewer at present there are no available data on ther-
mal biology for many threatened or endangered lizard species, and this lack of in-
formation may be counter-producing for designing correct conservation programs.
In this respect it must be noted that in reptiles the role of thermoregulation for
maintenance of optimal physiological functions is unequivocally linked to habitat
selection (e. g. Huey, 1991; Reinert, 1993), and thus understanding the thermal
ecology characteristics of lizards may help to secure proper management of their
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habitat (Angilletta, 2000; Huang and Tu, 2008, 2009; Angilletta et al., 2009). This
is especially true for lizards inhabiting Mediterranean microinsular habitats, which
are generally affected by extreme poorness of trophic resources and strong tempo-
ral changes in both abiotic and biotic conditions (see Pérez-Mellado, 1989; Castilla
and Bauwens, 1991; Lo Cascio, 2006; Lo Cascio and Capula, 2011).

In Europe most of the endangered lizard species, i.e. those which are particu-
larly prone to extinction and should be considered of prior importance for conser-
vation programmes, are known to occur on small Mediterranean islands. Among
the lizards inhabiting small Mediterranean islands, Podarcis raffonei (Mertens,
1952) is considered to be one of the most threatened lizards in Europe and cer-
tainly the most endangered lizard species in Italy, being at present on the verge of
extinction (Capula et al., 2002; Corti and Lo Cascio, 2002; Capula, 2004; Capula
and Lo Cascio, 2006, 2011).

Podarcis raffonei is endemic to the Aeolian Archipelago (NE Sicily, S Tyrrheni-
an Sea), where it occurs with four relict populations on three tiny islets (La Canna,
Scoglio Faraglione, Strombolicchio), each with an area less than 2 ha, and on a very
small area (<5,000 m?) on Vulcano island (Capula and Lo Cascio 2006, 2011). All
populations consist of a very small number of individuals, and currently the abun-
dance of the species in the whole range is estimated to be -~ 920-1380 individuals
(Capula et al., 2002; Lo Cascio, 2010; Capula and Lo Cascio, 2011).

According to Amori et al. (2012) the probability of extinction for an endemic
species is 80% for islands smaller than 3,120 km?. This is just the area of each of
the three Aeolian islets inhabited by P. raffonei (see above), and thus the species is
likely threatened by extinction. It is currently listed as Critically Endangered by the
IUCN (2012) because its area of occupancy is less than 10 km?, its distribution is
severely fragmented, and the number of mature individuals is continuously declin-
ing, particularly on Vulcano Island (Capula et al., 2002; Capula and Lo Cascio,
2006, 2011; IUCN, 2012).

With the exception of a few preliminary data (see Lo Cascio, 20006), there is
no available information on field body temperatures of the species to date. In this
paper some aspects of the thermal ecology of Podarcis raffonei are provided. Body
temperatures were recorded on adult lizards from two islets (Strombolicchio and
Scoglio Faraglione) which are separated each other by a long and deep sea channel
and are characterized by different landscape.

MATERIALS AND METHODS

Study area

Scoglio Faraglione and Strombolicchio are two uninhabited islets of the Aeo-
lian Archipelago (Fig. 1). Both are of volcanic origin and are composed by basaltic
lavas. The two islets were chosen to study body temperatures of lizards on the basis
of two main factors: 1) they host lizard population densities a little bit higher than
those known for La Canna Islet and Vulcano Island, (2) because of the access which
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Figure 1. Map of the Acolian Islands. Study areas: 1, Strombolicchio Islet (1.5 Km NE of Stromboli
Island); 2, Scoglio Faraglione (300 m W of Salina Island). Insert shows location of the Acolian Ar-

chipelago.

is much more easier than that of La Canna (an islet characterized by vertical rock
cliffs), and the area of Vulcano Island where the species at present lives.

Scoglio Faraglione (38°34'77”"N - 14°48’08”E, 300 m off the W coast of Sali-
na Island; hereafter SFA) has a surface of 5,765 m? and a maximum altitude of 35
m a.s.l. The top of the islet is covered by dense shrub vegetation characterized by
Senecio cineraria bicolor, Dianthus rupicola aeolicus and Lotus cytisoides, while the
rocky slopes of the basal belt, often affected by small landslides and occupied by de-
bris conoids, harbour halo-chasmophytic plant communities characterized by Li-
monium minutiflorum and Inula crithmoides.

Strombolicchio (38°49°07”N - 15°15°13”E, 1.5 km off NE coast of Stromboli
Island; hereafter STB) has a surface of 7,623 m? and a maximum altitude of 49 m
a.s.l. The top of the islet was partially destroyed in the early 20" Century because of
the building of a lighthouse. The surroundings of this artificial flat area are covered
by tew Euphorbia dendroides, while the cliffs are composed mainly by steep and bare
lavas, sparsely covered by Dianthus rupicola acolicus and Hyoseris taurina.

Average annual rainfall (on the main islands of the archipelago) is about 600
mm, with a peak in December and a minimum in July; average temperatures range
from 13.3 °C (January) to 29.8 °C (August) (Cicala, 1997).

The two islets differ in terms of micro-climatic and vegetation characteristics:
SFA, as a consequence of being very close to the main island (Salina), which makes
it partially protected from the sea winds, is characterized by a more dense and well-
structured vegetation and by a less xeric environment than STB.
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Study lizards

Podarcis raffonei is a medium-sized lizard. The studied microinsular popula-
tions are characterised by brownish (SFA) or very dark brown (STB) dorsal colora-
tion, and by ventral parts pearl-grey (SFA) or reddish (STB). SFA and STB popu-
lations are referred, respectively, to the ssp. alvearioi (Mertens, 1955) and to the
nominal form; the latter is genetically and morphologically very differentiated from
the other known populations (see Capula, 2004, 2006; Capula et al., 2009). Liz-
ard population densities are similar on both islets (SFA: 200-400 individuals; STB:
500-600 individuals; Lo Cascio, 2010). Lizards are active mainly from March to
November, but activity can be observed also in sunny days during the cooler sea-
son. As usual for the Mediterranean lizards, the activity pattern is bimodal in sum-
mer and uni-modal in spring and autumn (Capula and Lo Cascio, 2011).

Field protocol

Field work was undertaken between April and September on SFA (April 5,
2010; May 11, 2010; June 4, 2010; September 8, 2010), and between March and
September on STB (March 30, 2010; July 2, 2010; September 10, 2010). Body
temperatures (1)) were taken in the middle of the day (between 11.00 a.m. and
3.00 p.m.) from adult active lizards noosed or captured by hand on the top areas of
the islets, using a quick reading cloacal thermometer “Miller & Weber” (£0.2° C of
accuracy) and taking care to minimise heat flow during handling. Due to the over-
all rarity of this species (see above), sample sizes were not randomly small. Each in-
dividual was sexed, measured (Snout-Vent Length, SVL) using a calliper (+0.1 mm
of accuracy), and released after examination. Air temperature (T ) was recorded 2
cm above the soil surface with a shaded bulb. Substrate temperature (T ) was meas-
ured from just below the soil surface, with about one layer of soil particles covering

the top of the bulb.

Statistcal analyses

All parametric tests were performed after having verified normality and homo-
scedasticity, with alpha set at 5% and tests being two-tailed. When data normality
was not achieved, non-parametric tests were used (Zar, 1984). Since on both islets
T and T were highly positively correlated, we utilized the residuals of the general
regression of T versus T _as a surrogate of these two variables to avoid redundancy
in statistical analyses. Averages of the residuals from the two study islets were com-
pared by Student t-test in order to verify whether the ‘thermal environment’ was
similar at the two sites; means of body temperatures between sites were compared
by Student t-test, and medians by a Monte Carlo median test with 5000 iterations.
Correlations between T and the residuals of iy and Ls and between T and SVL
were analyzed by Pearson’s correlation coefficient. Heterogeneity of the slopes of
two regression lines was assessed by one-way Analysis of Covariance (ANCOVA).
Means are presented as + 1 Standard Deviation. All statistical tests were done with
Statistica version 11.0 package.
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REsULTS

Overall, 76 adult lizards were sampled (37 individuals on SFA, 39 on STB).
Mean SVL of the lizard samples from SFA was 71.5 + 2.1 (n = 24) for males, and
63 + 2.6 mm (n = 13) for females; mean SVL of the lizard samples from STB was
83.8 + 3.5 (n = 22) for males, and 75.2 + 5.1 mm (n = 17) for females. These da-
ta are in agreement with the morphometric analyses carried out by Carura et al.
(2009) and clearly indicate that the individuals from STB are considerably larger
than those from SFA.

On both islets i and T were highly positively correlated (SFA: » = 0.591,
n=39, P<0.0001; STB: = 0.959, 7 = 30, P<0.00001). The residuals of the gener-
al regression of T versus T for SFA and STB were not significantly different (¢ =
0.001, df = 66, P=0.998), Wthh means that the bioclimatic conditions on the two
islets were nearly identical. Because of the similarity in thermal characteristics of the
environments, any eventual difference in thermal biology of the two lizard popula-
tions would have been particularly noteworthy. Mean T, was 34.7+1.8°C (n = 37)
on SFA, and 33.2 + 3.1°C (n = 30) on STB; the difference between the two aver-
ages was statistically significant (# = -2.493, df = 66, P = 0.0151). Median T was
also higher on SFA than on STB (34.8°C versus 33°C; Monte Carlo P = 0.0145).
There was no statistically significant positive relationship between residuals of the
regression T on T_and T, (SFA: = 0.003, » = 39, P = 0.987; STB: r=0.257, n
= 30, P = 0.170; Fig. 2), indicating that both lizard populations were not thermo-
conformers. In addition, the two regression lines did not differ significantly (AN-
COVA on slopes: F = 1.265, P < 0.265), showing a similar relationship between
body and environment temperatures in both lizard populations. On SFA there was
no significant correlation between SVL and T, (r=-0.110, n = 39, P= 0.517), and
the same was true on STB (= 0.216, n = 30, P = 0.250).

DiscussioN

The range of the body temperatures registered in P. raffonei (SFA: mean T, =
34.7 °C; STB: mean T = 33.2 °C) is congruent with the field body temperatures
known for some lacertid lizard species occurring in the Mediterranean area (mean

p g
T, ranging between 31.9 and 35.5 °C; Castilla et al. 1999; Lo Cascio 2006, 2010).
Similarly to other Mediterranean lizards, P. raffonei seems to adopt a strictly he-
liothermic strategy. Although the thermal environment available to lizards is very
similar on SFA and STB islets, the two lizard populations revealed some intriguing
peculiarities in terms of their relationships with the thermal environment, beyond a
general and expected similarity in thermal ecology. The lack of correlation between
lizard T, and environment temperatures clearly shows that both lizard populations
are not thermoconfomers, as they do actively bask and keep their temperatures re-
gardless of the environment thermal conditions. These results are similar to those

reported by Lo Cascio (2010) for a population of the scincid lizard Chalcides ocel-
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Figure 2. Relationships between T and T, at the two study islets, STB (a), and SFA (b). For statisti-
cal details, see the text.

latus (Forskal, 1775) from a small Mediterranean island (Linosa). In addition, the
homogenous slopes of their regressions T, versus residuals of environment thermal
conditions indicate that the thermoregulation strategy of both populations is quite
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similar, despite evident differences in body size and coloration, STB lizards being
darker and larger than those occurring on SFA (see above). On the other hand, the
population from SFA exhibited a consistent trend for a T, higher than that of the
STB population. The results of previous studies concerning the relationship be-
tween lizard thermoregulation and melanistic coloration (e.g. Lanza et al., 1980;
Tosini etal., 1991) suggest that melanistic coloration would not influence the rate
of body heating or the maintenance of different body temperature ranges; hence,
the differences observed in the body temperatures of the lizard populations from
SFA and STB would be not explained on the basis of their different coloration pat-
tern. However, it must be noted that the results by Lanza et al. (1986) and Tosini
etal. (1991) were not confirmed by other studies on melanism in reptiles (see e.g.
King, 1987; Madsen and Stille, 1988; Luiselli, 1992; Capula and Luiselli, 1994),
and thus we think that the role of melanistic coloration in influencing the rate of
lizard body heating should be reconsidered and further explored by ad-hoc experi-
ments in the Aeolian wall lizard populations.

Although our study patterns were inferred from correlational evidence (see
Zar 1984) and based on the present data it is not possible to give any firm conclu-
sion, some operating natural selection factors are listed below that could explain in
some way the difference in body temperatures observed in the investigated popu-
lations. First, it must be noted that some differences between the two islets do ex-
ist concerning morphology and sun exposure of their rocky slopes. In particular,
Strombolicchio is entirely surrounded by vertical cliffs and seems more settled than
Scoglio Faraglione, whose perimetral slopes are less steepy and are affected by an
intense erosive process. Moreover, it must be stressed that, as reported above, the
lizards from Strombolicchio are genetically and morphologically very differentiat-
ed from those inhabiting Scoglio Faraglione. As it is well known that the interac-
tions between lizards and their thermal environment are strictly related to size and
genetic traits of the lizards themselves (see Huey and Kingsolver, 1989; Adolph,
1990; Grant and Dunham, 1990), we can hypothesize that the differences in the
observed body temperatures may be also explained on the basis of the different ge-
netic characteristics of the studied populations, as these may constrain biochemical
and physiological performances of lizards.

Finally, it is likely that the activity pattern, body temperatures, and temporary
use of micro-refuges by lizards are influenced by the geological, pedological and
vegetation cover characteristics of the two islets (see Materials and Methods, Study
area, for relative detailed information). For instance, according to our field obser-
vations (Lo Cascio, 2010; Capula and Lo Cascio, pers. obs.) on SFA lizards occur
almost exclusively in shaded refuges within the dense vegetation on the top of the
islet, while on STB lizards generally alternate stays on the top of the islet, which is
characterized by scarce vegetation and high exposure to sun, with frequent shifts in

the partially shaded cliffs.
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