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ABSTRACT
The biodiversity of the entire planet is threatened by global warming, and among vertebrates, Amphibia is the taxon most
negatively affected by this problem. Amphibians depend on an external heat source to achieve and maintain an adequate
body temperature, which has a significant impact on their fitness. Therefore, an increase in the average environmental
temperature will affect, probably in a negative way, the general performance of amphibians. This makes it imperative to
increase our scarce knowledge of amphibian thermoregulation. The aim of this work is to contribute to the knowledge of
amphibian thermoregulation by studying the winter thermal ecology of one of the most widely distributed species in Chile,
Pleurodema thaul. Individuals were collected during the mid-austral winter in Península de Hualpén, which corresponds to
the midpoint of the latitudinal range of distribution of P. thaul. In the field and laboratory we recorded body temperature
and the substrate and air temperatures. The data indicate that P. thaul is a thermoconformer, as its body temperature varies
during the day, following the temperature of the substrate and the air. Pleurodema thaul does not seem to use morphological
body properties to facilitate thermoregulation; body temperature was unrelated to the body size or weight of individuals.
The fact that during winter P. thaul does not thermoregulate actively constitutes a clear indication that the global warming
may have serious effects on this species.
KEYWORDS: Anuran, thermobiology, thermoconformism.
RESUMEN
La biodiversidad de todo el planeta se encuentra amenazada debido a los efectos del calentamiento global, y dentro de
los vertebrados, los anfibios son los más afectados por este problema. Los anfibios dependen de fuentes externas de calor
para alcanzar y mantener una adecuada temperatura corporal, lo cual tiene un impacto significativo en su adecuación
biológica. Por lo tanto, un aumento en la temperatura media del ambiente afectará, probablemente en forma negativa, el
desempeño general de los anfibios. Esto hace que sea imperativo incrementar nuestro escaso conocimiento respecto a la
termorregulación de anfibios. El objetivo de este trabajo es contribuir al conocimiento de la termorregulación de estos
organismos mediante el estudio de la ecología térmica en invierno de una de las especies de más amplia distribución en
Chile, Pleurodema thaul. Los individuos fueron recolectados en invierno en la Península de Hualpén, que corresponde al
punto medio del rango latitudinal de distribución de P. thaul. En terreno y en laboratorio se registró la temperatura corporal
y las temperaturas de sustrato y el aire. Los datos indican que P. thaul es una especie termoconforme, ya que su temperatura
corporal varía durante el día según varía la temperatura del substrato y del aire. Pleurodema thaul no parece utilizar las
propiedades morfológicas del cuerpo para facilitar la termorregulación, ya que la temperatura del cuerpo no se relaciona
con el tamaño corporal o el peso de los individuos. El hecho de que durante el invierno P. thaul no termorregule activamente
constituye un claro antecedentes que el calentamiento global puede ocasionar graves efectos sobre esta especie.
PALABRAS CLAVES: Anura, termobiología, termoconformismo.
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INTRODUCTION
Global warming, the increase in the average temperature of
the earth, is imposing severe changes in the biology of most
living species (Parmesan et al. 1999; Laurance 2008; Feehan
et al. 2009). This problem is more serious for ectotherms such
as amphibians due to their lack of thermogenesis, thus their
high dependence on an external source of heat to achieve
and maintain an adequate body temperature (Jorgensen
1992). These constraints for thermoregulation make body
temperature an extremely important variable that modulates
the physiology, ecology and evolution of this taxon (Cossins
& Bowler 1987; Anguiletta et al. 2002; Castañeda et al.
2004, Sinervo et al. 2010). Therefore, amphibian thermal
ecology is fundamental to their evolutionary and ecological
success (Gilchrist 1995; Pörtner 2002).
For amphibians, however, temperature is not the only
factor which modulates their biology; moisture is the other
important determinant (Sanabria et al. 2014). In fact, the
effectiveness of basking behaviour is severely constrained
in most anurans due to their limited ability to control
evaporative water loss (Carey 1978; Navas et al. 2002).
Therefore, in contrast to lizards, amphibians are rarely
observed in sunny patches (e.g. Pearson & Bradford 1976;
Labra et al. 2008), and these restrictions for thermoregulation
make most amphibians thermoconformists, i.e. their body
temperature strongly correlates with the air and/or substrate
temperature (Lambrinos & Kleier 2003). Recently it was
claimed that one important way in which ectotherms can
reduce the effect of climate change is by behavioural
thermoregulation (e.g. Kearney et al. 2009). However, due
to the limitations that amphibians have for behavioural
thermoregulation they are much more threatened, compared
to lizards for example, by the increase of global temperature,
as in fact has been shown by different studies (Alford &
Richards 1999; Gibbons et al. 2000; Alford et al. 2007).
Felton et al. (2009) indicated that regions such as Latin
America, rich in biodiversity, probably with low adaptive
capacity to climate change, are not well studied from a
conservation point of view, and that taxa such as amphibians
have received very little attention. In fact, in Chile, the
situation is very critical. This country has a relative richness
of amphibian fauna (63 species, Lobos et al 2013), but the
knowledge about basic aspects of their biology, including
thermoregulation, is close to null (Vidal & Labra 2008)
Our aim is to reduce the lack of information on amphibian
thermal ecology, starting by studying one of the most
widely distributed and most abundant Chilean frogs,
Pleurodema thaul, the “four-eyed frog”. In Chile, this
species is distributed from Copiapó (27°22’S, 70°20’W) to
Aysén (45°30’S, 70°20’W) and from the coast to 2700 m

26

above sea level (Correa et al. 2007). In a combined field
and laboratory study, we explored the thermoregulatory
capabilities of P. thaul: is this a thermoconformist or
thermoregulator species? We also explored the possibility
that morphology can contribute to P. thaul thermoregulation
(see Labra & Vidal 2003). We investigated whether body
size is related to body temperature, considering that larger
individuals, due to a smaller surface-volume relationship,
should retain a given body temperature longer, decreasing
their dependence on heat sources (Lillywhite et al. 1973).
If our results suggest that P. thaul is thermoconformist, then
this species is threatened by global warming.
MATERIALS AND METHODS
Field work was carried out in the Península de Hualpén,
a Wildlife Sanctuary (36°45’S; 73°13’W). This is a
transition area between the mesomorphic and hygromorphic
phytogeographical regions (Quintanilla 1982), characterized
by a wet (rainy) season of seven to eight months followed
by a dry season. During the wet season rainfall may reach
1300 mm; mean annual temperature is 12.2° C (7.1 to 18.4°
C, minimum and maximum monthly means, respectively)
(DEFAO, Universidad de Concepción).
Pleurodema thaul hibernates from May to July in this
region; we collected 25 adults of P. thaul (11 females and
14 males) just after the hibernation period, between July
and August. Immediately after capturing an individual
we measured its body temperature (Tb) and body mass
(±0.01g). For this, individuals were held by one hind leg
to avoid heat transfer, and a thermocouple was inserted in
the vent. The procedure did not last more than one min, to
prevent any potential change in temperature. The substrate
temperature (Ts) was then recorded, i.e. the thermocouple
was placed in contact with the substrate where the animal
was found. In addition, Air temperature was measured to
five cm above the substrate (Ta). Thermal records were made
with a HI93532R thermometer (±0.01° C); thermocouples
were type K. Frogs were transported to the Laboratory
of Herpetology of University of Concepción; their body
mass was recorded with a Belltronic ES-300 HA balance
(±0.01g) and snout-vent length (SVL) was measured with a
Mitutoyo calliper (±0.01mm). In addition, they were sexed
by recognition of secondary sexual characters such as the
vocal sac and/or nuptial excrescences on the first finger of
the forehand (Penna & Solís 1992; Díaz-Páez & Ortiz 1995).
Frogs were housed in a room kept at 17 ± 2.23 º C with
a photoperiod of 11:13, L:D. They were maintained
individually in terrariums (10 x 15 x 10 cm), with a substrate
of grass, soil, and stones obtained in the collecting area.
During the entire experimental period animals were fed twice
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a week with mealworms. They remained undisturbed for one
week, allowing acclimatation to the experimental conditions.
Thereafter, temperatures (Tb, Ts and Ta) were recorded twice
a day, during the morning (between 8:30 and 10:30 A.M.)
and in the afternoon (between 19:30 and 21:30 P.M.), which
corresponds to the normal daily period of inactivity and
activity in the field, respectively (Iturra-Cid, unpubl. data).
To avoid pseudoreplication, the mean value of the different
temperatures for the inactive and active period was obtained
for each individual. The thermoregulatory capacities of
P. thaul were evaluated using linear regressions of Ts, Ta,
SVL and mass on Tb in lab. A t-test was used to compare
Tb between sexes and body temperature in active and
inactive hours (Sokal & Rohlf 1995). Analyses were done
with Statistica (StatSoft Inc. 2000). Data are shown as mean
± SD. Prior to statistical analyses, all data were examined
for assumptions of normality and homogeneity of variance,
using Kolmogorov–Smirnov and Levene tests, respectively.
RESULTS
The mean body temperature of females was 12.07 ± 0.8º C
(range = 10.5 – 13.6º C) and for males was 12.02 ± 0.73º C
(range = 10.5 – 12.9º C). Because sexes had similar Tb (t23 =
-0.14, P = 0.74), data were pooled. Field Tb was positively
correlated with Ts (r = 0.77, P = 0.0001) and Ta (r = 0.74, P
= 0.0001) (Fig. 1). In the laboratory, the body temperature
of P. thaul was higher during the active than inactive hours
(19.5º C ± 0.26, 16.9º C ± 0.28) (t50= 33.9, P < 0.001), and
showed a close relation with the pattern of the substrate
and air temperature. In this ambient, Tb was positively
correlated with Ta and Ts in activity (Fig. 2A) and inactivity
(Fig. 2B). Also, we did not found any association between
Tb and body mass(r = 0.1, P = 0.6) or size (r = 0.02, P = 0.7)
(See Fig. 3A and 3B).

the other hand, P. thaul showed a higher thermal dependence
on the substrate than on the air temperature, suggesting a
tigmothermal regulation, consistent with the pattern observed
in others species of amphibians (Sanabria et al. 2003).
Zug et al. (2001) proposed that individuals of small body
size or in early stages of their development should have
a higher body temperature than larger individuals (Keen
& Schroeder 1975; Casterlin & Reynolds 1978), because
small individuals exchange heat with the atmosphere much
faster than larger individuals, which implies an increase in
dehydration with a consequent increase in body temperature
(Zug et al. 2001; Sanabria et al. 2003, Sinervo et al. 2010).
However, we did not found any association between Tb and
body mass or size, which suggests that P. thaul cannot use its
body characteristics as a mechanism for thermoregulation
(Labra et al. 2008), probably because of its small body size.
In the laboratory, the body temperature of P. thaul was
higher during the active than inactive hours, and showed
a close relation with the pattern of the substrate and air
temperature, as in other species (Lambrinos & Kleier 2003).
Our study was performed during mid-winter; a condition
that favours thermoconformism due to the lower availability
of thermal resources (Huey 1982; Labra et al. 2008). This
thermoconformism may allow animals to save time and
energy for other behaviours (Labra & Vidal 2003, Sanabria
et al. 2014), such as storing energy for reproduction. We
cannot rule out, however, the possibility that during
the summer P. thaul is a more active thermoregulator.
Nevertheless, the high dependence that P. thaul has on the
thermal environment can impose a serious problem for this
species, at least during the winter period, such as changes in
breeding time (e.g., Kusano & Inoue 2008).

DISCUSSION
Sometimes during field trips it was possible to hear
individuals singing, indicating that animals were active.
In inactivity periods the individuals were under stones and
logs. In the laboratory, during the inactive period frogs were
always found in burrows, and both during the active and
inactive hours. However, it is interesting to note that during
the inactive period, Tb showed a much closer relation with
Ts and Ta than during the active period. In fact, during the
night individuals were usually found active, out of their
burrows. The significant correlations between the body
temperature and environment temperatures (substrate and air)
in the field and laboratory are clear indications that P. thaul
is a thermoconformist, as has been shown for other anurans
(Sanabria et al. 2005, 2006; Woolrich-Piña et al. 2006). On

FIGURE 1: The relationship between body temperature and air
and substrate temperature in field conditions. The correlation
coefficient with its significance is given.
FIGURA 1: Relación entre la temperatura del cuerpo con la
temperatura del aire y del sustrato en condiciones de terreno. Se
entrega el coeficiente de correlación con su significancia.
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FIGURE 2: The relationship between body temperature and air and substrate temperature in laboratory conditions, during two periods: a)
Activity hours (dusk), and b) inactivity hours (morning). For each case the correlation coefficient with its significance is given.
FIGURA 2: Relación entre la temperatura del cuerpo con la temperatura del aire y del sustrato en condiciones de laboratorio, durante dos
periodos: a) horas de actividad (anochecer) y b) horas de inactividad (en la mañana). Para cada caso se entrega el coeficiente de correlación
y su significancia.

FIGURE 3: Relationship between body temperature and (a) snout-vent length, and (b) body mass. For each case the correlation coefficient
with its significance is given.
FIGURA 3: Relación entre la temperatura del cuerpo y (a) largo hocico - cloaca, y (b) peso. Para cada caso se entrega el coeficiente de
correlación y su significancia.
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