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Habitat use and thermal biology are closely related, because thermal microclimates vary spatially.
The use of habitat and microhabitat by different species influences many of their traits, such as
their physiology, and may, therefore exert a direct effect on survival. Ectothermal animals, such as
lizards, are affected by thermal and biophysical environments they inhabit, and the particular use
of a given substrate reflects an overlap between thermally adequate microhabitats, and behavioral
preferences. By exploiting certain microhabitats and avoiding others, many lizards tend to
maintain their body temperature within a range that allows maximum performance. Here, we
evaluate how two syntopic species of lizards, Liolaem us pacha and L. ram irezae , use substrates
with different exposure to solar radiation. Our hypothesis is that L. pacha uses both soil and rock
substrates indistinctly, due to being a generalist species, whereas L. ram irezae uses the rock
substrate more frequently, due to its saxicolous habits. We expect temperatures to be different both
in substrates, and in different exposures, and thermal characteristics of each species to condition
their use. For example, because the body temperature range of L. pacha is wider, we predict that
substrate use will be wider. A pre-established 100x75 m area was monitored during four Austral
springs and summers between 2011 and 2015, in Los Cardones, Amaicha del Valle, Tucumán,
Argentina. Species' substrate where the lizard was found (soil or rock), and exposure to solar
radiation: sun, filtered shade or full shade was recorded. After capture, lizard body temperature
(Tb), substrate temperature (Ts), and air temperature (Ta) were recorded in the place of the first
observation of the lizard. Obtained results show that L. pacha and L. ram irezae had a more
persistent use of the rock than the soil substrate, thus considering them saxicolous species. Further,
they were frequently observed exposed to direct sunlight. Average body temperature was higher
than environmental temperature (Ts and Ta), and significantly different in each exposure type
(sun, filtered shade and full shade), and in both substrates (rock and soil). Differential use of
substrate and the relationship between body temperature and microhabitat temperatures suggests
that L. pacha and L. ram irezae are “active thermoregulators”, using both substrate surfaces and
solar radiation as heat sources.
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The use of habitat and microhabitat by
different species affects the physiology of
individuals, which may have a direct
DOI: http://dx.doi.org/10.11160/bah.160

effect on their survival (Tracy, 1982; Tracy
& Christian 1986; Huey, 1991).
There
are
different
ways
of
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understanding habitat use. Within spatial
ecology framework, the most widely
accepted definition is proposed by
Garshelis (2000), in which use / non-use is
understood as the presence / absence of a
given species in a given habitat,
respectively. In this context, selection is
understood as a synonym of use, while
preference refers to a greater choice (in
terms of frequency) of different resources
by a certain species. Specifically, substrate
preference offers another level of
microhabitat selection that is likely to have
strong influences on species ecology and
fitness. In this study, microhabitat is used
to refer to the actual substrate or perch
occupied by an individual, according to
the terminology used by Smith &
Ballinger (2001).
Reptiles are appropriate models for
spatial ecology studies, due to their high
fidelity to specific sites of terrain, and to
their low capacity of displacement in
comparison to other groups of vertebrates
(Pianka, 1986; Pough et al., 1998). Among
the
most
important
drivers
of
displacement between sites, are resource
acquisition, such as food, water, mates,
sunny places to thermoregulate (or shady,
when temperatures are too high), and
shelter as primary drivers. There are also
secondary factors that are required for
their survival and / or reproduction
(Pough et al., 1998). One example is
vegetation structure, which determines the
use of space (Huey et al., 1983; Días &
Rocha, 2004). This is due to associations
between external variables, such as
microclimatic conditions, and presence of
shelter, food, and mates associated with
vegetation (Rocha, 1991; Converse &
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Savidge, 2003; Attum & Eason, 2006 ).
Each microhabitat provides different
conditions for the species. Some species
show greater frequency use of certain
types of sites or substrates, which depends
on the needs of each individual (DiegoRasilla & Pérez-Mellado, 2003). Species
can be generalists or specialists according
to the diversity of microhabitat they select;
therefore, the particular use of a substrate
reflects trade-offs between microhabitats
that
are
adequate
for
thermal
requirements of a given species, and to its
morphology, feeding and behavioral
preferences (Adolph, 1990).
Lizards, are affected by thermal and
biophysical environments where they
inhabit (Huey & Stevenson, 1979). Body
temperature of lizards varies directly with
environmental temperature; therefore,
access to thermal resources is one of the
main limiting factors of these animals’
activity
(Huey
&
Slatkin,
1976).
Temperature regulation is mainly through
physiological
(Stevenson,
1985)
or
behavioral mechanisms (Huey, 1982). The
latter include variation in daily and
seasonal activity period, differential use of
shade and sunny patches, body flattening
in relation to substrate, changes in body
orientation in relation to sunlight and
selection of shelters, all important for heat
gain or loss (Grant & Dunham, 1988;
Bauwens et al., 1996; Kearney, 2001).
Certainly,
the
interaction
between
microhabitat use and prevailing thermal
conditions is an important component of
behavioral thermoregulation (Paulissen,
1988). For instance, alternation between
microhabitats with different temperatures,
differential timing of activity and changes
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in body posture constitute important
mechanisms
of
thermoregulatory
adjustment (Bennett, 1980; Espinoza &
Tracy, 1997; Smith & Ballinger, 2001;
Labra & Vidal, 2003; Zug et al., 2003;
Labra et al., 2008). As a result of such
behaviors, species with wide thermal
tolerance are able to take advantage of all
possible microhabitats, although this
behavior can be influenced by competition
(Smith & Ballinger 2001; Bustos Zagal et
al., 2013). In this theoretical context, we
investigate how two syntopic species of
lizards, Liolaem us p acha and L. ram irezae ,
use substrates with different exposure to
solar radiation, and how such use varies
with body temperature.
Liolaemus is globally one of the richest and
most diverse genus of iguanid lizards,
with more than 260 valid species (Uetz et
al., 2019) that are widely distributed in many
arid and semi-arid regions of South
America, encompassing a wide range of
climates from Peru (its most boreal
distribution), to Tierra del Fuego, the
southernmost one. They are found in a
wide variety of habitats, with some species
being arboreal, but the majority being
terrestrial (Cei, 1993; Etheridge, 1993;
Schulte et al., 2004). A few species are
restricted to specific substrates, such as
sand or rock, and exhibit morphological
adaptations to such habitats, including
lizards of saxicolous, arboreal and
psammophile habits (Etheridge, 2000;
Tulli et al., 2009). This variety of forms and
different adaptations offer a great
potential to study their use frequency of
microhabitats when species are in syntopy.
Liolaemus pacha (Juárez Heredia et al.,
2013), and L. ram irezae (Lobo & Espinoza,

1999) occur in northwestern Argentina,
although L. ram irezae has a more
restricted range. They are found in
sympatry
in
the
semi-arid
phytogeographic region of the Prepuna
(Cabrera & Willink, 1980), in Tucumán
province, Argentina. The former belongs
to the d arw inii complex (Etheridge, 1993),
and the latter to the altico lo r group (Lobo
& Espinoza, 1999). Both species are
diurnal, mainly insectivorous (Halloy et
al., 2006), and oviparous (Ramírez Pinilla,
1992; Lobo & Espinoza, 1999). Robles &
Halloy (2017) reported that L. p acha and
L. ramirezae have an average field body
temperature
of
34°C
and
32°C,
respectively. The Tb of L. pacha during
austral springs of 2012 and 2013 and
summers of 2013 and 2014, had a range of
30 to 35°C (for L. ram irezae was 30 to 34°
C), which was on average greater than
maximum air temperatures, indicating
that it can regulate its Tb during the day.
Furthermore, body temperature of L.
pacha was not affected by sex, age, snout-vent
length, or weight.
Our objectives were to: 1) explore
substrate use (rock or soil) in L. p acha and
L. ramirezae. Our hypothesis is that, based on
literature and field observations, L. p acha
is a generalist species, we predicted to use
both soil and rock indistinctly. On the
other hand, L. ram irezae would use the
rock substrate more frequently due to its
saxicolous habits; 2) analyze if the body
temperature (Tb) varies between species
and if it is associated, to the use of the
substrate, and to the different levels of
exposure to solar radiation 3) analyze
associated environmental temperatures:
air temperature (Ta) and substrate
3
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Figure 1: A) Map of Los Cardones, Km 98, Ruta Provincial 307, Tafí del Valle Department,
Tucumán Province, Argentina (26°40’1.5” S, 65°49’5.1” W, 2725 m). Image obtained from Google
Earth Pro. B) Overview of the study site (photo: S. Halloy)

temperature (Ts) on both substrates and
exposures. We expect temperatures (Tb,
Ta and Ts) to differ both in substrates and
in different exposures. Hence, we
anticiped that each species would have a
different substrate depending their
particular Tb (e.g. if Tb range is wider, we
predict that substrate use will be wider),
and thermal requirements.
Material and Methods
Study area
The study site corresponds to Los
Cardones (26° 40' 1.5 "S, 65° 49' 5.1" W,
2700 masl) (Fig. 1A). This area is located 20
km east of Amaicha del Valle city, Tafí del
Valle department, in Tucumán province,
Argentina. This location is on the upper
boundary between the Monte and
Prepuna ecoregions (mostly Prepuna)
(1600-3000 m, Cabrera & Willink, 1980).
4

The site is characterized by a coluvial
substrate, scattered large rocks, and it is
barely but nearly uniform vegetated with
shrubs and cacti, including species
belonging to Baccharis cf grisebachii
(Compositae),
Flo urencia
fie brigii
(Compositae),
Junellia
serip hio id es
(Verbenaceae),
Justicia
tw eed iana
(Acanthaceae), Fabiana d e nsa (Solanaceae)
and a candelabra cactus called "cardón"
Thrichocereus pasacana (Cactaceae) (Halloy
et al., 1998) (Fig. 1B). The site corresponds
to a desert climate, its average annual
temperature is less than 18°C. During the
summer season, the highest rainfall is
recorded (90% of the annual total), with
January being the rainiest month. The
rains reach an annual average value of 160
mm (Torres Bruchmann, 1981).
Data collection
Monthly observations were performed

MICROHABITAT USE AND BODY TEMPERATURE IN LIZARD SPECIES
during the activity period of lizards
(Austral spring-summer), from December
2011 to February 2015. Each monthly
expedition lasted between 2 to 3 days,
summarizing 42 days of field work. In a
100 x 75 m grid established at the study
site, we performed daily monitoring, using
a visual encounter survey technique
(Heyer et al., 1994; Robles & Halloy, 2008).
Surveys took place in the morning (10:00
to 11:30), noon (12:00 to 13:30) and
afternoon (15:00 to 17:00) with an
approximate duration of 60 to 80 minutes
each. When a lizard was sighted, the time,
species, and substrate it was on (soil (S) or
rock (R)) were recorded, assessing if it was
in full sun, filtered shade (under grass), or
full shade (under bush). The lizard was
then captured by noose. For each
individual, body temperature (Tb),
substrate temperature (Ts), and air
temperature (Ta) of the place where the
lizard was observed, were recorded
immediately. All measurements were
performed using a digital thermometer
with thermocouple (TES 1307 K/J precision
0.1 °C, Taiwan), which was introduced
about one centimeter inside the cloaca of
each individual. Substrate temperature
(Ts) was taken by contacting the
thermocouple with the surface where the
lizard was observed. To record air
temperature (Ta), the thermocouple was
held one centimeter above substrate,
protecting it from air currents and direct
solar radiation. Subsequently, individuals
were released at their capture site. The
temperature data of individuals whose
capture took more than one minute or
occurred after it ran large distances, was
discarded, to avoid the effect of greater

activity on their body temperature
(Martori et al., 2002 ). Individuals were
held by the head to avoid heat transfer;
temperature was recorded within 20
seconds of their capture (Ibargüengoytía
et al., 2010). Each individual was marked with
nail polish in order to avoid recapturing
the same lizard during that day
(Valdecantos, 2011). When capture was
not successful, the temperature of
substrate and air were still recorded.
Statistical analyses
We tested the normality assumption for
residuals of our data. Because they fulfill
normality and homogeneity assumptions
(Kolmorov-Smirnov test), we performed
parametric analyses (Siegel & Castellan,
1988). The frequency of difference in
substrate use between the two species was
analyzed using the Pearson Chi-square. To
explore the relationship among variable
responses (body temperature), and
different factors such as species (L. p acha,
L. ramirezae), exposures to sunlight (x, y, z),
and substrate (rock, soil), we performed a
General Lineal Model (GLM). All tests
were performed with Statistica 7.0
(StatSoft, 2004).
Results
Substrate use

During the study, a total of 539
individual observations were performed
(pacha = 434 and L. ramirezae = 105).
Proportionally, both L. p acha and L.
ramirezae had greater occupancy of rock than
soil substrate. However, in spite of this,
there were no statistical differences (Chi
Square = 0.087, P = 0.77, df = 1) (Fig. 2).
5
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Figure 2: Number of observations of
lizards Liolaem us pacha (P), and L.
ramirezae (R), found on two substrates.

Body temperature, substrate and solar radiation
Considering only species factor, body
temperature of L. p acha was different from
L. ramirezae (F (1,120) = 11.45, P = 0.001). The
former had a higher temperature (34°C ±
3,4) than the latter (32°C ± 4,8). Regarding
the type of exposure to the solar radiation
(sun, filtered shade and full shade), both
species were more frequently exposed to
full sun, and on rocks. Body temperature
was significantly lower in the individuals
that were found in the shade (F (2,120) = 4.81,
P = 0.01). Considering substrates factor (rock
and soil), and its interaction with species,
there was no statistically significant
difference (F (1,120) = 0.19, P = 0.67).
Finally, considering the interaction
among exposition, substrate and species,
there was no statistically significant
difference (F (2,120) = 1.17, P = 0.31).

Discussion
According to field observations from
previous studies at the same site, L. p acha
was considered to be generalist in the use

L.
ramirezae

L. pacha
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The
associated
environment
temperatures of both substrates (rock and
soil) were significantly different under the
three exposures (H = 27.76, P = 0.0001, n =
268 and H = 11.35, P = 0.01, n = 111,
respectively). Rock substrate’s temperature
under full sun was higher than under other
exposures. Air temperature recorded over
rocks showed significant differences under
the different exposures (H = 7.19, P = 0.02, n
= 205, n = 52 and n = 13). However, air
temperature above the soil did not differ
significantly between exposures (H = 3.37,
P = 0.154, n = 60, n = 44 and n = 7) (Table 2).
Because of the small sample size for L.
ramirezae, we did not analyze these data .
However, the pooled values of mean body
temperature reached on rock substrate was
32.53 °C (1SD: 4.20 °C, n = 33), while body
temperature of individuals on soil
substrate was 31.50 °C (1SD: 3.20°C, n = 6)
(Table 2)

Rock

Soil

Rock

Soil

sun

232 (76%)*

70 (54%)

51 (63%)*

10 (42%)

filtered shade

60 (20%)

51 (40%)

23 (28%)

11 (46%)

shade

13 (4%)

8 (6%)

7 (9%)

3 (13%)

Table 1: Number
of
Liolaem us
lizards
(percentage) on
rock and soil,
under different
exposures.
*
p<0.05.
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Table 2: Body (Tb), air (Ta) and substrate temperatures (Ts) (in °C) on rock and soil in each
exposure to sunlight in the two species L. pacha (above) and L. ram irezae (below). Values are
presented as mean ± SD, followed by range. ** p < 0.05.
Species

Substrate

Exposition
sun

Tb

n

34.79 ± 3.25 **

Ts

n

60 26.3 ± 4.1 **

32.5 ± 4.7 **

203

(17.1 - 41.0)

(21.9 - 47.7)

(22.58 - 42.0)
Rock

filtered shade

33.69 ± 3.41

15 25.6 ± 3.8

(25.10 - 40.0)
L. pacha

shade

30.55 ± 5.31

9

(25.0 - 40. 0)
sun

34.09 ± 3.34

filtered shade

34.7 ± 2,8

7

(28.5 - 40.0)
shade

33.14 ± 3.11

3

(29.0 - 36.7)
sun

33.02 ± 4.05

Rock

filtered shade

33.66 ± 1.85

(19.0 - 37)

23.5 ± 4.9

26.0 ± 5.2

(18.5 - 36.0)

(21.0 - 38.5)

9

(30.0 - 36.0)

34.8 ± 6.8 **

(16.0 - 40.0)

(24.0 - 57.0)

25.9 ± 4.0

31.7 ± 5.0

(18.3 - 37.5)

(21.0 - 42.1)

22.5 ± 3.9

26.0 ± 7.0

(17.5 - 27.3)

(18.0 - 38.0)

21 24.5 ± 3.8

(24.7 - 38.0)

29.6 ± 4.5

(18.7 - 39.0)

11 26.2 ± 5.1

(26.0 - 42.0)
Soil

Ta

31.38 ± 4.7

(17.5 - 33.0)

(22.5 - 42.4)

24.4 ± 2.2

30.35 ± 2.2

(19.0 - 27.2)

(25.5 - 34.5)

22.6 ± 2.3

26.1 ± 5.0

(20.3 - 27.0)

(24.0 - 32.8)

26.6 ± 6.6

37.39 ± 10.6

(18.0 - 35.9)

(26.5 - 51.5)

25.6 ± 3.9

28.45 ± 3.4

(19.1 - 30.8)

(24.0 - 34.0)

23.6 ± 3.9

24.33 ± 5.1

(21.0 - 28.1)

(22.0 - 30.2)

52

13

60

44

7

47

20

L.ramirezae
shade

25.67 ± 4.93

3

(20.0 - 29.0)
sun

28.0 ± 0.00

1

(28.0 -28.0)
Soil

filtered shade

32.75 ± 3.20

4

(28.0 - 35.0)

shade

30.0 ± 0.0
(30.0 - 30.0)

of space. However, in this study the
species was observed on rocks near
different types of shrubs, and on open
sandy soils. Thus, our results show that
rock was the most used substrate by L.

1

7

16

20

3

pacha. In the case of L. ramirezae, literature
reports that it is more restricted to rocks
(saxicolous) (Halloy & Robles, 2002, 2003;
Robles & Halloy, 2008), similarly with the
results obtained in this study. The
7
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preference for rock substrates has also
been reported for other species of the
genus (e.g. L. aco stai, Abdala & Juárez
Heredia, 2013), with a high homogeneity
in the use of space, and without intrapopulation variations (sex and age group)
(Cánovas et al., 2001, Villavicencio et al.,
2002). In contrast, Villavicencio et al.
(2012) found that Lio laem us eleo d o ri had
a preferential
use
of
bare
soil
microhabitats (completely devoid of
vegetation). Lio laem us d arw inii was also
frequently seen on bare soil, and among
low
shrubs
in
Mendoza,
Argentina (Videla & Puig, 1994). Studies
carried out in Salta, Argentina with L.
chacoensis show a preference for bare soil, in
an undisturbed mature forest, whereas in
a highly disturbed forest its preferred
shrubs and leaf litter (Pelegrin et al., 2009).
In Chile, L. p latei used the soil while L.
nigromaculatus used the rocks, but in this
case, the observed use of habitat suggests
the influence of morphology and behavior
(Fuentes & Cancino, 1979).
A preliminary analysis of soil and plant
coverage at the study site shows a similar
percentage of rock and bare soil coverage
during the summer season (unpublished
data). According to these results, we could
infer a preference for rock substrate in
these species of lizards. Also, from a
behavioral
perspective,
during
the
reproductive season, L. p acha males patrol
their territory from the rocks, which
provide them of greater visibility of the
surrounding environment (Halloy &
Robles, 2002, 2010 ). In the case of L.
ramirezae, this behavior could be an
antipredator strategy (aerial predators),
due to its cryptic nature and / or the use of
8

crevices in the rocks as a refuge (pers.
obs.). Other approach suggests that lizards
use substrates with better access to prey
items, as it happens in Scelo p o rus
undulatus (MacLeod et al., 2018). Thereby,
these substrates are suitable for important
behaviors such as basking, foraging, and
displaying to conspecifics.
Shifts between microhabitats of
different thermal supply (Hager, 2000),
changes of body postures and of
orientation to the sun for heating, and
cooling control are important mechanisms
of thermoregulatory behavior in lizards of
temperate climates (Avery, 1978; Pianka,
1993; Kingsbury, 1994). Regarding sun
exposure, L. p acha and L. ram irezae
showed the same pattern of exposure on
both substrates. A higher percentage of
individuals were recorded under the sun,
followed by filtered shade and full shade
on the rock, probably because mean
temperature of rock under the sun is lower
than mean body temperature. This type of
exposure might allow species to adjust
their
heated
body
surface,
thus
maintaining their normal temperature
activity. On the soil, both species used the
three exposures, alternating mostly
between sun and filtered shade. This could
be because, under the sun, acquired
temperature by the soil is significantly
higher than acquired by rocks (34.8°C and
32.5°C respectively), thus they might select
grass in search of shade, to avoid
overheating. In Tro p id urus ehterid gei,
Cruz et al. (1998) reported a behavior pattern
of alternation between sun and shade to
thermoregulate, with higher shade
resources used during the hottest part of
the day. It could be inferred that the
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variations in substrates used by L. p acha
with different exposures to the sun (sun
and filtered shade), could be a behavioral
mechanism for temperature regulation,
allowing the species to maintain its body
temperature within its optimal range.
Nevertheless, thermoregulation efficiency
of these species should be determined, by
measuring selected temperatures (Tsel),
and operative temperatures (To), for a
more reliable analysis of thermal
environment (Hertz, 1992; Hertz et al.,
1993).
Mean body temperature of L. p acha
and L ram irezae recorded in this study,
agrees with the results of Robles & Halloy
(2017). These authors consider that both
species
exhibit
heliothermic,
and
tigmothermic behaviors, since the heat
gained by body surface occurs through
direct solar radiation, and through
conduction with the substrate, allowing
them to maintain the appropriate body
temperature for their ecological and
physiological activities. More studies are
needed that include other microhabitat
characteristics (plant coverage, abundance,
availability, shelters, etc.). These, may help
to unravel the species’ preferences of use,
and would allow finding the main causes
of association, as well the relation with the
thermal environment, and the behavioral
mechanisms of these species.
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