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We studied several aspects of the thermal biology of two coexisting saxicolous
species of the genus Phymaturus (Liolaemidae) at the Payunia, a volcanic region
in Argentina where harsh conditions prevail. We marked individuals in grids and
assessed the environmental conditions when the individuals showed their maximum
activity (i.e. when more than 50% of marked individuals were active), the time spent
basking, and the postural behaviour in relation to different cloudiness conditions.
We found that temperatures recorded when the species exhibit their peaks of activ-
ity were higher for Phymaturus payuniae, the smaller species, during the summer at
one of the three studied sites. Phymaturus roigorum exhibited the longest basking
periods, but during these longer periods cloudy conditions prevailed. Both species
adopted a head-up posture when conditions were sunny and a head-down posture
when under cloudy conditions. This is the first contribution where thermal aspects
of two sympatric species of Phymaturus are evaluated.

Keywords: activity peaks; coexistence; postural adjustments; rock lizards

Introduction

Thermal biology is a widely studied topic in reptiles because temperature influences
physiological and ecological features of organisms, as well as their fitness (Avery
1982; Huey 1982; Huey and Bennett 1987; Martin-Vallejo et al. 1995; Bauwens et al.
1996, 1999; Seebacker and Franklin 2005). Reptiles living at high latitudes and alti-
tudes are faced with low temperatures and harsh environments (Spellerberg 1976).
Hibernation throughout the winter, daily activity patterns, selection of thermally
appropriate microhabitats, and postural adjustments, are some of the mechanisms
used by lizards for thermoregulation in these environments (Porter and Gates 1969;
Huey and Slatkin 1976; Dunham et al. 1989; Adolph 1990; Adolph and Porter 1993;
Hertz et al. 1993; Melville and Schulte 2001). However, these mechanisms may depend
on intrinsic characteristics of species, such as body size, since smaller lizards heat up
faster than larger ones (Carothers 1983; Seebacher and Shine 2004). So, differences
in heating and cooling rates, as well as in time spent basking, could be expected for
different-sized species.

The genus Phymaturus includes Argentinean and Chilean lizard species that
inhabit rocky promontories along the Andes and Patagonia. Studies indicate that the
genus is conservative in several aspects of its life history (such as reproduction, habitat,
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1366 V. Corbalán and G. Debandi

and diet; Cei 1986; Scolaro et al. 2008), including thermal biology (Cruz et al. 2009).
Mean field body temperatures of eight studied species ranged from 22.5 to 32.3◦C
(Cruz et al. 2009; Vidal et al. 2010), the maximum being reported for Phymaturus
tenebrosus (37◦C; Ibargüengoytía et al. 2008). Critical thermal maxima ranged from
39.9◦C to 44.6◦C, whereas critical thermal minima ranged from 5.2◦C to 11.8◦C (Cruz
et al. 2009). Despite the conservatism in thermal biology within the genus, some dif-
ferences were reported among species. Differences in body temperature were found
between Phymaturus zapalensis and Phymaturus punae (Ibargüengoytía et al. 2008).
Also, different modes of heat transfer were suggested for some species: thigmoth-
ermy in Patagonian species such as P. tenebrosus and P. zapalensis (Ibargüengoytía
et al. 2008), and heliothermy in Andean species such as P. punae and Phymaturus
palluma (Ibargüengoytía et al. 2008; Vidal et al. 2010). It was proposed that these
behaviours are strongly influenced by the local environment (availability of radiation;
Ibargüengoytía et al. 2008). Ibargüengoytía et al. (2008) also suggested that P. punae
and P. tenebrosus are active thermoregulators, whereas P. zapalensis behaves almost as
a thermoconformer, as also demonstrated for P. palluma (Vidal et al. 2010).

All previous studies on the genus Phymaturus comprise comparisons among
species living at different latitudes, because most species are endemic and coexis-
tence between pairs of species is rare (Debandi et al. 2012). The Payunia region is
an extra-Andean volcanic system where it is possible to find two coexisting species,
Phymaturus payuniae and Phymaturus roigorum, that belong to different clades (Lobo
and Quinteros 2005). As both clades have evolved independently and have only
recently made secondary contact (Díaz Gómez 2009), these species are ideal for
conducting comparative studies under similar environmental conditions.

In this study we compared some aspects of the thermal biology of these two coex-
isting species, specifically those related to basking behaviour. In the field, we evaluated
the prevailing environmental conditions (substrate temperature and air temperature)
when each species showed its peak of activity, the length of time spent basking during
the day and relationships with environmental conditions, and the postural behaviour
in relation to different cloudiness conditions.

Material and methods

The study was carried out at La Payunia Reserve, southern Mendoza Province,
Argentina. Situated 140 km east of the Andes Cordillera, it is dominated by a vol-
canic landscape. The weather of the region is arid and cold, influenced by winds from
the Pacific Ocean (Capitanelli 1972; Candia et al. 1993). Winters are rainy and snowy,
and summers are dry (Candia et al. 1993). These conditions mean that lizards remain
inactive during cold months. Both Phymaturus species present in the area are diurnal,
saxicolous, viviparous and herbivorous. Phymaturus payuniae is one of the 21 species
that comprise the patagonicus group of the genus, whereas P. roigorum belongs to the
palluma group, which comprises 17 species (Debandi et al. 2012 and recent descriptions
by Lobo et al. 2012a, b; Troncoso-Palacios and Lobo 2012). Species belonging to the
palluma group have spinier scales in the tail and are larger than those of the patagoni-
cus group (Cei 1993). Measurements of individuals of the studied species taken for this
and other studies in the region confirm that there are significant differences in snout–
vent length (P. payuniae adults, mean ± SD = 84.31 ± 5.04 mm, n = 77; P. roigorum
adults, mean ± SD = 99.97 ± 5.85 mm, n = 116; t191 = – 19.23, p < 0.0001).
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Journal of Natural History 1367

Both species are endemic to the Payunia region of Argentina. The distribution of
the smaller P. payuniae is included within the distribution range of P. roigorum, and is
always found in sympatry (syntopy) with this species. Phymaturus roigorum, instead,
could be found in allopatry or in sympatry with P. payuniae, and its distribution range
is wider (Debandi and Corbalán 2012). Both species are diurnal and show a unimodal
pattern of basking activity, with a slight decrease at the middle of the day in P. roigo-
rum (Debandi and Corbalán 2009). Agonistic interactions between species in places
where they coexist are rare, but when they occur, they involve chasing of P. payuniae
by P. roigorum (inter-sexual or intra-sexual encounters) (Corbalán and Debandi in
preparation).

We chose three sites for sampling the activity of P. payuniae and P. roigorum. Two
(sites 1 and 2) are located on the northern slope of the Payún Matrú volcano (36◦20′ S,
69◦14′ W, 2372 m above sea level), and are 380 m apart. The rocks of these sites are ign-
imbrites and traquites, respectively, from the Pleistocene–Holocene (Llambías 1966,
2008). Site 3 is located in a yardang landscape at the base of the Payún Liso volcano
(36◦29′ S, 69◦22′ W, 2111 m above sea level), 20 km away from sites 1 and 2. Yardangs
are wind-moulded ignimbrites that tend to be unimodal in direction and form elon-
gated parallel buckets. Illuminance (recorded with Luximeter Extech model 401025) in
the area is near to 800 lx in the middle of the day and 400 lx at sunset.

Phymaturus payuniae is only present at sites 2 and 3, whereas P. roigorum is present
at all three sites, so we refer to site 1 as allopatric, and sites 2 and 3 as sympatric.
On each site we established a grid of 10 × 20 m, and all individuals present in the
grid were captured with a loop, sexed, measured with a digital caliper (0.01 mm accu-
racy), weighed with a Pesola micro-line spring scale (100 × 1 g), and permanently
marked with jewellery beads sutured through the tail (Fisher and Muth 1989), and
then released at the capture site. Combinations of colours allowed us to identify each
individual. A total of 22 adult individuals of P. payuniae (16 females and six males)
and 24 adult individuals of P. roigorum (15 females and nine males) were marked.
Observations began at least 2 days after these procedures, performed by two observers
placed at two fixed points, allowing complete vision of the grid. We used binoculars
for the observations. Three days of sampling with similar weather conditions were
conducted in November 2008 (spring) and January 2009 (summer) at sites 1 and 2,
and for 4 days in January 2009 at site 3. The daily period of observation was from
09:00 h until the time when all individuals retreated to crevices, about 19:00 h. As this
time is referred to official Argentinean time, which corresponds to longitude 45◦W, we
estimated the mean local time (or solar time) of the sampling sites located approxi-
mately at 69◦20′ W, as being 1:37 h earlier than the official time. Hence, our period
of observation was from 07:23 h to 17:23 h, mean local time. Throughout each day,
we recorded activity behaviour during 10-minute intervals, separated by 5 minutes of
resting.

We measured the temperature of rocks and air during lizard activity to investigate
relationships among these parameters. Close to each grid we placed two temperature
sensors for the entire sampling period. One of them was placed in a small rock hole to
take surface temperature minimizing direct air contact, and the other at 2 cm above the
soil surface to measure air temperature. Data were recorded every 5 minutes using an
Onset HOBO weather micro-station. As the data-logger was located next to the grid,
with similar environmental conditions (sun, exposure, wind, plant cover), we assume
that the recorded temperatures are representative of the entire grid.
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1368 V. Corbalán and G. Debandi

Activity peaks and environmental temperature
We assessed the environmental temperatures that occurred when the individuals
showed their maximum activity. For this, we divided the entire daily sampling period
into 30-minute intervals. Then, we counted all active individuals during these intervals,
and chose only those intervals in which more than 50% of marked individuals of each
species were active. For each of these intervals of maximum activity (activity peaks),
we established rock temperature and temperature 2 cm above ground occurring at the
time, by averaging data records obtained from the weather micro-station during these
30-minute intervals.

The values of each temperature variable (rock and air at 2 cm) recorded in these
intervals were analysed with parametric analysis of variance to establish differences
between species and sites, using INFOSTAT software (InfoStat 2009). One set of anal-
yses used data from sites of sympatry (sites 2 and 3) to make comparisons between
species at each site and date; a second analysis used only P. roigorum data to make
comparisons among allopatric and sympatric sites (sites 1 and 2 for November and all
three sites for January). For the last analyses, differences among the three sites were
tested using Bonferroni correction, with a level of rejection of α = 0.016, according to
the number of multiple comparisons.

Basking time and environmental conditions
Basking comprised the lizard’s behaviour of remaining quiet, taking heat from solar
radiation or by contact with the rock surface (i.e. thermoregulating by heliothermy or
thigmothermy). This behaviour excludes feeding and moving activities, but includes
shuttling between sun and shade. We were interested to assess the time spent basking
and its relationship with the temperature of rocks, cloudiness and wind velocity, as well
as to quantify the use of shade during these periods.

Ibargüengoytía et al. (2008) reported that P. tenebrosus increases body tempera-
ture as substrate temperature rises. During field activity, body temperature remained
around 30◦C, but it decreased when substrate temperature exceeded 35◦C. For our
studied species, the upper limit of the set-point range (the interquartile range of the
preferred temperature in the laboratory) is 35.81◦C for P. payuniae and 35.77◦C for
P. roigorum (Corbalán and Debandi, unpublished data). In view of the information
reported by Ibargüengoytía et al. (2008) and the preferred body temperature of the
species, we evaluated the environmental conditions prevailing during basking time of
P. payuniae and P. roigorum considering a substrate temperature threshold of 36◦C.
We classified data as above 36◦C (+ 36◦C), below 36◦C (– 36◦C), and basking periods
in which rock temperature included temperatures above and below 36◦C (± 36◦C).
Taking into account the amount of continuous observation periods where individuals
were only basking, we established the following categories of basking time: short, when
individuals remained basking for one to three consecutive time periods (equivalent to
10 to 40 min); middle, four to six time periods (55 min to 1:25 h); long, seven to 12 time
periods (1:45–2:55 h); very long, 13 or more time periods (more than 3 h). In total,
336 records of consecutive basking periods were analysed. For this analysis we chose
a total of 12 adult (eight females and four males) P. payuniae individuals (nine from
site 2 and three from site 3), and 14 adult (10 females and four males) P. roigorum indi-
viduals (five from site 1, five from site 2 and four from site 3). These individuals were
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Journal of Natural History 1369

chosen because they had high frequency of occurrence in the grid, and their activity
could be followed throughout the day. Three categorical variables were set: temperature
threshold (+ 36◦C, – 36◦C, ± 36◦C), basking periods (short, middle, long, very long),
and species (P. payuniae, P. roigorum). Generalized linear models (GLM) with Poisson
errors and logarithms as link function (i.e. Logarithmic or Poisson Regression) were
used to analyse data, and χ2 test and Akaike’s Information Criteria were used to assess
goodness of fit of the models (Crawley 2007). This analysis was made with R statistical
software, version 2.12 (R Development Core Team 2010). A mosaic plot was used to
represent the counts of the three categorical variables, in which the area of tiles is pro-
portional to the cell frequency (Friendly 1994). In addition, Pearson’s standardized
residuals printed in the plot were used to detect differences among categories, using
the “VCD” and “VCDEXTRA” packages running in R software (Meyer et al. 2006).

Additionally, with the data from the same individuals as before, we evaluated
the association of basking periods of different length with environmental conditions
like cloudiness, wind velocity (km/h), and proportion of shade use by lizards during
basking. Cloudiness was categorized as sunny, when there were no interruptions of
sunny conditions along the basking period; and cloudy, when clouds were partially
or permanently interrupting sunlight during the basking period. Wind velocity (mea-
sured regularly along the day with a Kestrel 1000 pocket wind meter) was categorized
as moderate winds (up 15 km/h) and strong winds (more than 15 km/h). All these
analyses were also made with GLM with Poisson errors using R statistical software.
Finally, we evaluated the proportion of shade use during basking periods of different
length (short, middle, long and very long). We categorized this variable as shady, when
lizards used shade or alternated between sun and shade during the basking period; and
exposed, when lizards were fully exposed to the sun over the whole time period. This
variable was also analysed using GLM, but this time with binomial errors and logits
as link function (i.e. Logistic regression) with R statistical software (Crawley 2007).

Relationships between postural behaviours and light exposure
Based on McConnachie et al. (2009), we recorded two postural behaviours of indi-
viduals during basking: upper body raised (head or head and front of body raised,
without contact with substrate), and prostrate (head and body flat on the rock surface).
We assessed whether these postures were related to light exposure for each species using
a GLM with Poisson error as explained above. Three categories of light exposure were
considered: sunny, cloudy and semi-cloudy (when both sunny and cloudy conditions
were recorded during the 10-min observation period).

Results

Activity peaks and rock and air temperature
We detected a total of 58 intervals when more than 50% of marked P. payuniae were
active, and a total of 78 and 44 intervals when more than 50% of P. roigorum were
active in sympatry and allopatry, respectively (Tables 1 and 2). At sympatric sites, both
measured temperatures were always higher at times when P. payuniae showed its peaks
of activity than when over 50% of P. roigorum individuals were active. Analyses of
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1370 V. Corbalán and G. Debandi

Table 1. Comparisons of rock and air at 2 cm above ground temperatures (◦C, mean ± SE)
recorded during those periods of time at which Phymaturus payuniae and Phymaturus roigorum
showed activity peaks at sympatric sites (S2 and S3) in the Payunia region.

Sites Temperatures Phymaturus
payuniae

Phymaturus
roigorum

F df p

S2–November Rock 39.30 ± 1.02
(n = 28)

39.07 ± 1.39
(n = 19)

0.02 1, 45 0.89

Air at 2 cm 31.05 ± 0.71
(n = 28)

30.71 ± 1.02
(n = 19)

0.08 1, 45 0.78

S2–January Rock 39.46 ± 0.87
(n = 25)

37.69 ± 0.82
(n = 41)

1.97 1, 64 0.16

Air at 2 cm 35.91 ± 0.90
(n = 25)

34.69 ± 0.83
(n = 41)

0.93 1, 64 0.34

S3–January Rock 44.89 ± 2.14
(n = 5)

38.30 ± 1.16
(n = 18)

7.10 1, 21 <0.05

Air at 2 cm 42.45 ± 2.25
(n = 5)

37.05 ± 0.70
(n = 18)

9.56 1, 21 <0.01

Significant P values are given in bold.

Table 2. Comparisons between allopatric (S1) and sympatric (S2 and S3) sites of rock and air at
2 cm above ground (◦C, mean ± SE) recorded during those periods of time at which Phymaturus
roigorum showed activity peaks in each sampling period in the Payunia region.

Temperatures S1 S2 S3 F df p

November Rock 31.77 ± 0.53 39.07 ± 1.39 30.39 1, 44 <0.001
(n = 27) (n = 19)

Air at 2 cm 30.95 ± 0.60 30.71 ± 1.02 0.05 1, 44 0.83
(n = 27) (n = 19)

January Rock 32.88 ± 0.77 37.69 ± 0.82 38.30 ± 1.16 7.23 2, 73 0.001
(n = 17) a (n = 41) b (n = 18) b

Air at 2 cm 33.05 ± 1.46 34.69 ± 0.83 37.05 ± 0.70 2.83 2, 73 0.06
(n = 17) (n = 41) (n = 18)

Significant P values are given in bold, differences among sites are indicated by lower case letters
(a �= b).

variance indicated that differences were significant only at site 3 during January for
both temperatures assessed (Table 1).

When we compared P. roigorum among sites to assess a possible effect of
allopatry/sympatry, we found significant differences in rock temperatures at which
most individuals were active (Table 2). During November, site 1 (where only P. roigo-
rum was found) showed the lowest rock temperature (31.7◦C) at maximum activity. The
same occurred during January, with rock temperature being lowest at site 1 (Table 2).
Air temperature at 2 cm above ground did not differ among sites during November or
January (Table 2).
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Journal of Natural History 1371

Basking time and environmental conditions
Rock temperature

Generalized linear models indicated that there is a significant three-way interaction
between temperature threshold, basking time, and species (χ2

6 = 18.13, p < 0.01).
To visualize differences in frequencies, we computed the value of Pearson’s stan-
dardized residuals (3.07) for the adjusted rejection level (α = 0.0021, the value of
α = 0.05 adjusted for 24 multiple comparisons). According to this calculation, P. roigo-
rum had a significantly higher frequency of long periods than P. payuniae when
temperature was rising, given by the higher than expected frequencies of long peri-
ods at + 36◦C, and of very long periods at ± 36◦C (Figure 1). Also, there were no very
long records of basking periods for either species when the temperature of rocks was
below 36◦C (Figure 1).

Cloudiness

When analysing cloudiness in relation to basking periods, both species had higher
frequencies of active individuals spending a short time basking, independent of
cloudiness (non-significant three-way interaction, χ2

1 = 0.20, p = 0.65). Also, there
was no significant interaction between species and cloudiness (χ2

1 = 0.77, p = 0.38),
indicating that both species had more individuals when sunny conditions prevailed.
Phymaturus roigorum took longer basking periods more frequently than P. payu-
niae (highly significant interaction between species and basking periods, χ2

1 = 768.3,
p < 0.0001), especially when cloudiness prevailed (significant interaction between
species and cloudiness, χ2

1 = 8.29, p < 0.01).

Wind velocity

When taking wind into account, GLM indicated no relationship between species,
wind velocity and duration of basking periods, because there was no significant three-
way interaction (χ2

3 = 0.47, p = 0.92). Moreover, wind did not show any significant
interactions with the other two categorical variables.

Shade use

The proportion of periods in which individuals used shade was similar in both species,
with this proportion growing larger as basking periods became longer (χ2

2 = 13.506,
p < 0.01). We made comparisons between species only for short to long periods,
because P. payuniae had no records of very long basking periods. There were no dif-
ferences between species (χ2

1 = 0.24, p = 0.62) and the species–period interaction was
not significant (χ2

2 = 2.91, p = 0.23).

Relationships between postural behaviours and light exposure
Both species showed similar postural behaviour when exposed to different light condi-
tions. There was no significant three-way interaction (χ2

2 = 0.20, p = 0.90), or two-way
interaction between light exposure and species (χ2

2 = 0.40, p = 0.81). There was
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1372 V. Corbalán and G. Debandi

Basking periods
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Figure 1. Mosaic plot showing frequency of records of Phymaturus payuniae (Pp) and
Phymaturus roigorum (Pr) for each category of basking periods (short, middle, long and very
long), at different rock temperature thresholds. In the graph, the area of tiles is proportional
to the cell frequency, and values of Pearson’s standardized residuals are printed in the plot to
assess differences among categories (see text for a more detailed procedure). Dark grey indicates
categories that show significantly higher or lower than expected frequencies according to the
adjusted rejection level.

a highly significant interaction between behaviour and light exposure (χ2
2 = 83.60,

p < 0.0001), indicating that when sunny conditions prevailed, both species adopted an
upper body raised posture, whereas when conditions were cloudy or semi-cloudy both
adopted a prostrate posture (Figure 2).

D
ow

nl
oa

de
d 

by
 [

V
al

er
ia

 C
or

ba
lá

n]
 a

t 1
1:

26
 0

5 
Ju

ne
 2

01
3 



Journal of Natural History 1373

Light exposure
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Figure 2. Frequency of postures exhibited by Phymaturus payuniae (A) and Phymaturus roigo-
rum (B) during different light exposures. Black bars represent head-up postures and grey bars
represent prostrate postures.

Discussion

Bogert (1959) postulated that phylogeny has a role in the expression of body tempera-
ture among species. The genus Phymaturus is considered conservative in several char-
acteristics, including thermal biology (Cruz et al. 2009). Recent studies demonstrated
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1374 V. Corbalán and G. Debandi

that there are some differences in ecological niche between groups of species of the
genus (i.e. the patagonicus and palluma groups) (Debandi et al. 2012). Whereas species
belonging to the patagonicus group were positively associated with mean annual tem-
perature, temperature seasonality, mean temperature of the driest quarter of the year
and to a compound topographic index, species belonging to the palluma group were
positively related to sunny days during the year, bare soil, isothermality and slope.
However, this study also revealed that it is more likely that these differences are the
result of habitat availability in their respective regions rather than of differences in
habitat preferences (Debandi et al. 2012), reinforcing the conservative characteristics
of the genus.

Preliminary studies on preferred temperature in the laboratory for P. payuniae
and P. roigorum indicate that these species do not show differences in this parameter,
and are included within the range reported for other species of the genus (Corbalán
and Debandi unpublished data). However, several differences in basking behaviour
between both sympatric species were found in this study. The most important differ-
ence was in the rock and air at 2 cm above ground temperatures recorded in summer at
site 3 at the time when species exhibit their activity peak (i.e. when more than 50%
of marked individuals were active), all being higher for P. payuniae. Air and rock
temperatures exceed by 5–7◦C the critical maximum body temperature for the species
(about 37.2◦C; Aguilar et al. 2010). These results are surprising because P. payuniae is
smaller, and smaller lizards heat up faster than larger ones (Carothers 1983; Seebacher
and Shine 2004), reaching lethal body temperatures in a short time. However, the
amount of solar radiation absorbed by an organism is a product not only of body
size but also of skin reflectance (Clusella-Trullas et al. 2009) and incidence of solar
radiation on the body (i.e. orientation of dorsum or head towards the sun; Ribeiro
et al. 2007; McConnachie et al. 2009), variables which were not assessed in this study.
Nevertheless, we can conclude that in P. payuniae, over-heating (and lethal conse-
quences) seems to be avoided by having shorter basking periods, and using shade more
when basking periods are longer.

Another important difference between the species is the exposure of P. roigorum
during very long basking periods. Individuals of this species were observed in basking
positions for over 3 h. This basking period is longer than that observed for P. payuniae
and other saxicolous species such as Tropidurus torquatus, which remains in the sun for
30 min until the temperature warms up, when it retreats to rock cracks or shaded areas
(Ribeiro et al. 2007). However, we also observed that P. roigorum remained basking
for these long periods mainly when cloudy conditions prevailed. As was recorded for
P. payuniae and T. torquatus, P. roigorum also used a higher proportion of shade when
basking periods were longer. Then, cloudiness conditions and shade use during long
basking periods probably help P. roigorum to avoid over-heating.

Basking for shorter periods could be advantageous for P. payuniae not only
to avoid over-heating but also to avoid predators. No studies on predation have
been published for Phymaturus species, but Videla (1982) reported that Agriornis
(Passeriformes) preys on P. palluma in Uspallata (Mendoza, Argentina). We observed
individuals of Agriornis montanus trying to catch immature Phymaturus lizards in the
Payunia region and therefore this species could be a potential predator on our studied
lizards. Pianka and Vitt (2003) suggested that potential predators are limited by lizard
size relative to predator size. Taking into account that Agriornis is a medium-sized bird
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(21 cm), it is possible that the smaller species P. payuniae would be more vulnerable to
predation by this bird than P. roigorum at our study site (at adult stage).

Differences between sites of allopatry and sympatry were evident in P. roigorum.
Rock temperature during the peak of activity of this species was lower at the allopatric
site in spring and summer. Further studies taking into account the temperature of
rocks at each site may help to understand the distribution of both species in the
Payunia region. Although both species show similar preferred temperatures under
laboratory conditions (Corbalán and Debandi, unpublished data), it is possible that
P. roigorum can tolerate a wider temperature range than P. payuniae, explaining the
absence of P. payuniae from several rocky promontories of the region where P. roigorum
is present.

The thermal biology of many terrestrial squamates is dominated by the
behavioural exploitation of solar radiative energy for the regulation of body tem-
perature (Spellerberg 1972; Avery 1982). Lizards use solar radiation in two different
ways, by basking in the sun (heliothermy) or by adpressing parts of the body to a
sun-warmed substrate (thigmothermy) (Withers and O’Shea 1993). The raised upper
body posture (or head-up) recorded in individuals of both species in this study under
sunny conditions is in keeping with the concept of heliothermy, whereas the pros-
trate posture is typically a thigmothermic behaviour. Vidal et al. (2010) observed that
individuals of P. palluma from Chile exposed their body surface on rocks when bask-
ing, and suggested that this species has a predominantly thigmothermic behaviour.
Ibargüengoytía et al. (2008) proposed that lizards of the Phymaturus genus are mainly
heliothermic at higher altitudes, and mostly thigmothermic at lower altitudes. Our
results indicate that the coexisting species P. roigorum and P. payuniae adopt both
behaviours to thermoregulate, as has been demonstrated for other saxicolous lizards
such as P. palluma (Videla 1982), T. torquatus (Ribeiro et al. 2007) and Pseudocordylus
melanotus (McConnachie et al. 2009). When sunny conditions prevailed, both species
adopted a heliothermic posture (head-up), but when cloudy conditions prevailed,
both species adopted a thigmothermic posture (prostrate), indicating an opportunistic
thermoregulatory behaviour. Ibargüengoytía et al. (2010) also found an opportunistic
behaviour for Liolaemus sarmientoi and Liolaemus magellanicus. These species show
heliothermy when the air temperature is cold (during the morning), and thigmothermy
in the warmest hours of the day (early afternoon). In contrast, Videla (1982) observed
thigmothermic basking in P. palluma when it initiated activities after leaving crevices,
turning to heliothermy after heat acquisition by thigmothermy. We observed a similar
behaviour to that observed by Videla (1982) for P. palluma. Sherwood et al. (2005) and
McConnachie et al. (2009) argue that lizards bask in sunlight on cold mornings and
gain heat from radiation and conduction from warmed surfaces. Similarly, prostrate
postures are frequent during winter and when it is overcast. During the hottest peri-
ods, more elevated postures avoid direct contact with the rock surface, minimizing heat
gained from it, as well as increasing potential heat loss by exposing a greater surface
area to the air (McConnachie et al. 2009).

This is the first study to evaluate the biological aspects of two coexisting species
of Phymaturus. We found differences between species in the rock temperature during
their activity peaks at site 3, as well as differences between species in the time spent
basking. However, the duration of basking periods may vary depending on sex and
pregnancy (gravid females may spend more time basking than males and non-gravid
females; Shine 1980; Schwarzkopf and Shine 1991). Because the number of males and
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gravid/non-gravid females at each site and on each date (November/January) was not
sufficient to make comparisons, these aspects were not assessed in this study. Other
factors such as coloration may influence heat absorption (Clusella-Trullas et al. 2009),
and therefore basking duration. Unlike other Phymaturus species, neither of the stud-
ied species have black heads which could increase heat gain, but the pattern and size
of spots and proportion of clear/dark colours on the back may vary between sexes,
and among individuals from different populations (personal observation). Males of
P. roigorum are yellowish or whitish, whereas females are brownish. These aspects
should be evaluated in further studies to better understand thermoregulation in these
species. This study represents a first step to the knowledge of the ecology, behaviour
and resource segregation for these species that coexist in the same habitat, feeding on
the same plant species and sharing refuge and microsites to thermoregulate.
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