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Inferring the effect of abiotic factors on body
temperature and water loss in agar models of
the Sabanera frog (Dendropsophus molitor) in

Cajicá−Cundinamarca
Infiriendo el efecto de factores abióticos sobre la temperatura corporal y pérdida de agua sobre

modelos de agar de la rana sabanera (Dendropsophus molitor) en Cajicá−Cundinamarca
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Abstract

Amphibians have physiological restrictions on the permeability of their skin due to a high probability of
dehydration by evapotranspiration in environments with high temperatures and low water availability. Den‐
dropsophus molitor is a semi‐aquatic species with basking behavior that uses thermoregulatory mechanisms
to carry out vital processes. Therefore, our objective was to evaluate the effect of environmental variables,
microhabitat type, and color on body temperature and water loss in D. molitor. We used agar models with
two color patterns placed in two types of microhabitats (wet and dry), each with two conditions (sun and
shade), and measured the percentage of weight change and body temperature. We used statistical analyzes
such as correlation, linear mixed effects models, and the variance inflation factor method. In our study,
the color of the agar models was not significant. However, the variables dew point, relative humidity, solar
radiation, substrate temperature, and microhabitat each affected the percentage of weight change and body
temperature. Both variables increased between the dry and sunny microhabitat conditions and the dry and
shaded conditions between 12:00 and 16:00 hours. Evapotranspiration is closely related to radiation, and the
vapor pressure deficit is relevant to amphibian body temperature because they cool by the evapotranspiration
of water through their skin. Finally, variables at the microhabitat level are vital for these species and should
be incorporated into this kind of work.
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Resumen

La alta permeabilidad de la piel representa una restricción fisiológica en anfibios, debido a un mayor
riesgo de deshidratación por evapotranspiración en ambientes con menor disponibilidad de agua y mayor
temperatura. Dendropsophus molitor es una especie semiacuática con comportamiento de tomar el sol,
mecanismo termorregulatorio, necesario para llevar a cabo sus procesos vitales. El objetivo de este trabajo
fue evaluar el efecto de las variables ambientales, tipo de microhábitat y color, sobre la temperatura corporal
y pérdida de agua en D. molitor. Para esto, se usaron modelos de agar de dos colores, ubicados en dos tipos

1. Semillero de Evolución y Conservación, Grupo de Ecotoxicología, Evolución, Medio Ambiente Conservación, Programa de Biología Aplicada,
Universidad Militar Nueva Granada, Cajicá, Colombia.
2. Facultad de Ciencias, Departamento de Biología, Pontificia Universidad Javeriana, Bogotá, Colombia.
3 Instituto de Biología, Universidad de Antioquia, Medellín, Colombia.
* Corresponding author: <nelsy.pinto@unimilitar.edu.co>

Received: June 2022; accepted: September 2022.
 

 

 

 

1

https://crossmark.crossref.org/dialog/?doi=10.17533/udea.acbi.v45n118a06
https://revistas.udea.edu.co/index.php/actbio


Acosta‐L et al.
 

 

Actual. Biol. 45(118): 1‐12, 2023 | DOI:10.17533/udea.acbi.v45n118a06

de microhábitat (húmedo vs. seco), cada uno en dos condiciones de exposición (sol vs. sombra), midiendo el
porcentaje de cambio de peso y temperatura corporal. Se realizaron análisis estadísticos como correlación,
modelos de efectos lineares mixtos, y el método del factor de inflación de la varianza. Los resultados del
estudio mostraron que el punto de rocío, la humedad relativa, la radiación solar, la temperatura del sustrato
y el microhábitat, pero no el color de los modelos de agar, tuvieron un efecto significativo sobre el porcentaje
de cambio de peso y la temperatura corporal. Ambas variables incrementaron en la condición microhábitat
seco y sol, así como en seco y sombra, entre las 12:00 y 16:00 horas. La evapotranspiración está íntimamente
relacionada con la radiación y el déficit de presión de vapor, siendo importante para la temperatura corporal
del anfibio, debido a que éste se enfría mediante la evapotranspiración del agua a través de su piel. Por
último, se sugiere que las variables a nivel del microhábitat son vitales para estas especies, y deberían ser
incorporadas en este tipo de estudios.

Palabras clave: anfibios, Colombia, ecología térmica, punto de rocío, temperatura del sustrato

INTRODUCTION

Amphibians possess physiological and behavioral
traits related to internal temperature control and
skin permeability that shape vital processes and limit
their distribution potential (Lillywhite, 2006). As
ectotherms, their vital processes depend to a greater
extent on their body temperature (BT), which is
affected by the ambient temperature (Carey, 1978).
BT acts as a controlling factor for many physiological
processes such as oxygen consumption, heart rate,
locomotion, water balance and digestion (Köhler et
al., 2011). BT is also a controlling factor of behavioral
processes such as movement in search of favorable en-
vironmental conditions of temperature and humidity
(Kaufmann and Dohmen, 2016; Köhler et al., 2011).

BT in amphibians is determined by energy loss
and gain by radiation, convection, conduction, as
well as heat loss by evaporation (Maldonado-Castro,
2017; Navas, 1996a; Wygoda and Williams, 1991).
Radiation, convection, and conduction depend on
the environmental thermal gradient and evaporation
depends on the vapor pressure that exists between
the skin and the environment (Navas et al., 2008).

Many amphibians do not possess any type of resis-
tance in their integument to water loss and therefore
lose water by evapotranspiration in a manner similar
to that of a body of water (Spotila and Berman,
1976). The permeability of frogs’ skin confers to

them an ability to carry out cutaneous respiration
(Alveal-Riquelme, 2015), but also represents a risk
of dehydration in terrestrial environments during
some hours of the day under conditions of high solar
radiation, temperature and low relative humidity
(Carey, 1978). Therefore, water loss by cutaneous
evaporation in amphibians is associated with a need
for cooling, but thermoregulatory strategies also re-
spond to the requirements of controlling their water
content (Brattstrom, 1979; Wygoda and Williams,
1991; Navas et al., 2008). However, some terrestrial-
arboreal species of the genus Phyllomedusa show low
rates of evaporative water loss, which is considered
a sign of adaptation in this genus (Shoemaker and
McClanahan, 1975).

Understanding the thermoregulatory mechanisms of
species is essential to understand the implications
of microhabitat selection, as well as responses to
disturbances in their thermal environment. However,
study in this area is difficult to perform in living
organisms and requires use of invasive techniques or
non-invasive, but less precise techniques (Navas and
Araujo, 2000).

An alternative is the use of agar models, from which
it is possible to model water loss and body tem-
perature both in field and laboratory conditions
(Romero-Barreto, 2013; Navas and Araujo, 2000).
In agar models, water evaporates at the same rate
as a free surface water and therefore, represent a
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control in studies of water loss by evapotranspiration
since they do not have any barrier to water loss
(Romero-Barreto, 2013). These models simulate as-
pects such as the size and mass of living individuals,
and therefore can be used to simulate the behavior of
amphibian species in different environments (Spotila
and Berman, 1976).

In this study, the Sabanera frog Dendropsophus
molitor was used as a model. This hylid is en-
demic to Colombia, inhabiting the Andean region in
the Eastern Cordillera from 1,900 to 3,600 meters
above sea level. Dendropsophus molitor is commonly
found in disturbed areas, such as pastures, roadsides,
and populated centers primarily in the savannah of
Cundinamarca (Navas, 2006). However, D. molitor
currently faces challenges such as the presence of
the fungus Batracochritium dendrobatidis, pressure
from exotic species such as Lithobates catesbeianus
(Guarnizo et al., 2014) and climate change (Kauf-
mann and Dohmen, 2016). The latter, is one of the
causes of increased environmental temperature and
climate variability, altering the thermal tolerance of
amphibians, modifying activity patterns, dispersal
and abundance (Corn, 2005; Méndez-Narváez, 2014;
Navas et al., 2013).

Dendropsophus molitor has been the subject of sev-
eral studies, due to its variation in size, coloration
patterns and physiological and behavioral mech-
anisms (Amézquita, 1999; Guarnizo et al., 2014;
Navas, 2006). Furthermore, D. molitor is confronted
by drastic changes in temperature between day and
night in extreme conditions, which can be unpre-
dictable (Navas, 1996b). Dendropsophus molitor is
eurythermic, since it supports a wide variation in en-
vironmental temperature and presents a heliothermic
thermoregulatory behavior that allows it to reach
body temperatures above the ambient temperature
through daytime basking (Navas, 1996a; Navas et
al., 2008; Valdivieso and Tamsitt, 1974). In addi-
tion, D. molitor has variation in body color patterns
throughout the day, which potentially represents a
thermoregulatory strategy (Amézquita, 1999; Carey,
1978). Dark colorations have been suggested to in-
crease absorption of solar radiation and increase the
rate of body temperature, which has been associ-
ated with species at higher elevations that experi-

ence large variations in environmental temperature
(Carey, 1978). It has also been suggested that the
effect of coloration is mediated by body size, which
increases and decreases cooling and warming rates,
respectively, with larger individuals exhibiting lower
rates (Carey, 1978).

The change in coloration is considered a diurnal
thermoregulation strategy, and a heliothermic be-
havior of the species that confers an ability to
carry out other vital processes such as reproduction
and feeding despite low temperatures (Navas, 2006).
However, D. molitor could also increase their rate
of warming and their risk of dehydration by being
exposed to high ultraviolet radiation levels, and to
warmer and drier substrates (Withers, 1995; Carey,
1978; Navas, 2006). Additionally, habitat degrada-
tion can change temperature and relative humidity
conditions and have a synergistic effect in the ex-
treme conditions of these habitats.

In this sense, the objective of the present work was to
determine the effect of six climatic variables and mi-
crohabitat temperature on the percentage of weight
change and body temperature in agar models of D.
molitor with different colorations, in two microhabi-
tats and in two microclimatic conditions. We aim to
increase the knowledge of the thermal ecology of D.
molitor in the grasslands surrounding construction,
and to understand the potential consequences of
environmental variation and climatic conditions on
body temperature and percent weight change of the
savannah frog.

MATERIALS AND METHODS

Study area

The study was conducted on the campus of Universi-
dad Militar Nueva Granada (UMNG), located in the
municipality of Cajicá at 4◦56’70.5” N, 74◦00’70.4”
W, with an average temperature of 12−18 ◦C, an
average relative humidity of 82% and an altitude of
2,550 meters above sea level (Angarita-Cañón, 2014;
Trujillo-Pérez, 2017). Two different zones were sam-
pled within UMNG between June 17 until August 4,
2017. The first zone corresponds to reservoirs (arti-
ficial lakes) located at 4◦56’38.2” N, 74◦0’36”W and
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Figure 1. Geographical location of the areas sampled at the Universidad Militar Nueva Granada, Cajicá,
Colombia. Zone 1: Reservoir; Zone 2: WWTP, and the location of the meteorological station.

the second to a natural wetland, near the wastewater
treatment plant (WWTP) located at 4◦56’20.28” N,
74◦0’34.33” W, sites with presence of the species
(figure 1).

Six climate variables derived from the UMNG
IMETOS IMT280 weather station (Station No.
000008B8) were used (figure 1). Weather station
variables recorded were relative humidity(%), solar
radiation (W/m2), precipitation (mm), ambient tem-
perature (◦C), wind speed (m/sec), and dew point
(◦C). Substrate temperature (◦C), was taken at each
sampling site with an infrared thermometer digital-
Raytek DT-810 (Fixed emissivity 0.95; Accuracy ±
0.4%).

Validation of agar models

To evaluate the effect of environmental variables
on body temperature and percent weight change in
the savannah frog D. molitor, agar models with the
species mold were used (Navas and Araujo, 2000),
following the protocol proposed by Sinervo et al.
(2012) (annex 1).

Evaluation of temperature acquisition and per‐
cent weight change in the models

Each agar model was placed in two contrasting mi-
crohabitats and at each sampling site, 2 brown molds
and 2 green molds were used (figure 2), which were
changed during the day. The microhabitats were cat-
egorized under two conditions, a dry microhabitat 10
meters from the body of water, and a wet microhab-
itat 50 cm from the body of water (artificial lake or
wetland). In each microhabitat, sites with direct sun
exposure and without direct sun exposure (shade)
were selected. These environments were chosen be-
cause active individuals have been observed at these
sites during the day. To record the temperature of the
agar models and the microhabitat (substrate tem-
perature at 50 cm from the agar model), data were
collected every four hours using a Raytek infrared
thermometer and an OHAUS analytical balance. The
four-hourly sampling was carried out based on a pilot
test, which showed that the agar models did not lose
their properties in terms of water loss capacity and
thermal behavior.
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Figure 2. Location of hobos and agar molds in the four microhabitats chosen for Dendropsophus monitor.
A and B: dry environments, C and D: environments near a body of water, A and C: sun, B and D: shade.

When evaluating water loss by skin evaporation and
body temperature, the agar models were replaced by
other models with the same molds. Four records were
taken during the day for the first 15 days (6:00, 10:00,
14:00, 18:00) and then three records (8:00, 12:00,
16:00) for the following nine days, a total of 24 days.
For the analysis of the percentage weight change (%
weight change = (initial weight - final weight / initial
weight) *100%)) in the models, the initial weight was
recorded at the zero hour, and the final weight three
or four hours later with an OHAUS balance of 0.001
accuracy.

Data analysis

For the validation of the agar model, temperature
and percent weight change were measured simultane-
ously for three specimens of D. molitor and the agar
models (annexes 2 and 3). A Pearson correlation test
was performed between the values obtained from the
live individuals and the agar models; high values of
association between the variables indicated similar
thermal behavior between the agar model and the

live individuals. In order to analyze the effect of
agar model color (green vs. brown) on temperature
and percent weight change of the model, a one-way
ANOVA was used. All analyses were performed in R
v 4.0.5 2020 (R Core Team, 2021).

A multivariate normality (MVN) test was performed
on all variables and residuals, as well as a Mauchly
test to test for sphericity with the MVN (Kork-
maz et al., 2014) and Stats (R Core Team, 2021)
packages, respectively. To test for differences in dis-
persal between microhabitats (dry and wet), a test
for homogeneity of multivariate dispersal through
permutations (PERMDISP) was performed with a
Euclidean distance matrix, using the vegan package
(Oksanen et al., 2013).

Since environmental variables may be correlated
with each other, and to avoid multicollinearity in the
model, the variance inflation factor (VIF) method
was used, which implies that the standard errors
of the parameters are inflated by the square root
of 1/(1-Rj

2); a threshold of 3 VIF was established
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(Zuur et al., 2010). The variable that generated high
collinearity in the dataset was removed (e.g., air
temperature) and the remaining variables were used
for data analysis. In order to identify whether there
was a relationship between environmental variables
(annex 4), microhabitat (dry vs. wet) and sunlight
condition (sun vs. shade) on water loss by evapotran-
spiration and temperature of the agar model over
time, a linear mixed effects model was performed
using the lme4 package (Bates et al., 2019). This
model allows for the consideration of repeated mea-
surements over time, avoiding pseudoreplication and
the inflation of the type I error rate (Whitlock and
Schluter, 2015; Zuur et al., 2009). Moreover, it is
a flexible model against violation of normality and
sphericity assumptions. All analyses were performed
in R v 4.0.5 software (R Core Team, 2021).

RESULTS

Validation of the agar models

In the validation of the agar models, it was observed
that D. molitor yand the models present a significant
correlation for body temperature (p<0.0001; CPear-
son= 0.931). With respect to the variable weight
change percentage, being at the significance limit,
it was assumed that a similar evapotranspiration
behavior is presented between the agar model and
D. molitor (p=0.051, CPearson= 0.949). This cor-
roborates that the agar model has a similar thermal
behavior and percentage weight change relative to
the D. molitor specimen.

Effect of agar model staining

Regarding the effect of the color of the agar models
(green vs. brown), there was no significant effect on
body temperature (ANOVA, F = 0.094; p = 0.761)
and percent weight change of the models (F = 0.468;
p = 0.506). Therefore, color was not considered to be
an informative variable for the analyses.

Effect of climatic variables on agar models

The variables dew point, relative humidity, solar
radiation, substrate temperature, condition (shade

vs. sun) and interaction (microhabitat * condition)
have a significant effect (table 1) on weight loss
and temperature of the agar model (wet-sun; wet-
shade; dry-sun; dry-shade) over time (LMMs, p=1.30
x 10−6; 0.001; 0.006; 4.25 x 10−7; 0.022 y 0.001,
respectively).

The increase in agar temperature is consistent with
the increase in daytime temperature for both micro-
habitats, reaching maximum values at midday (figure
3). Water loss and body temperature of the agar
model is significantly higher in the sun condition
and the dry microhabitat (figure 4A), although high
water loss was observed in the shade condition for
the dry microhabitat (figure 4B). Water loss and
temperature change is consistent between days and
hours sampled, with the highest water loss for both
microhabitats (dry vs. wet) occurring between 12:00
and 16:00 hours, the hours of highest temperature
increase of the study area (figure 5).

DISCUSSION

Effect of agar model staining

The results show that the two colors used in the agar
models do not significantly affect the temperature
and percent weight change. This result could be due
to the fact that the concentration and range of the
dye (payasite) used in the agar model did not allow to
adequately simulate the color patterns of D. molitor,
that the number of models for each color type in
the microhabitats was low, and finally, the physical
characteristics of the dye, such as the emissivity, is
different from the frogs’ skin, and the absorption
of light of the agar models differs from the study
organisms.

In contrast to our results, changes in skin color
has been observed as a thermal regulation strategy
in some species (Navas et al., 2008), especially for
lowland species. An example of this is recorded in
the gray tree frog (Chiromantis xerampelina), which
changes to lighter colors when the environmental
temperature increases, resulting in a lower rate of wa-
ter loss, a mechanism to prevent overheating (With-
ers, 1995).
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Table 1. Results of the linear mixed effects model

Standard
error Df t value Pr(>|t|)

Intercept 0.137 10.012 ‐0.120 0.907
Microhabitat dry. humid 0.118 260.169 ‐0.455 0.649
Shade and sun condition 0.115 260.219 2.302 0.022*

Dew point 0.064 78.046 5.245 1.30e‐06**
Precipitation 0.043 262.921 1.049 0.295
Solar radiation 0.105 198.465 2.769 0.006**
Wind speed 0.051 263.420 ‐1.239 0.217

Substrate temperature 0.082 264.178 5.187 4.25e‐07***
Relative humidity 0.091 77.663 3.538 0.001***

Microhabitat * Condition 0.164 260.025 ‐3.433 0.001***

Asterisk* refers to the significance of the test.

In amphibians, when the environmental temperature
decreases, they change to a dark coloration, resulting
in a body temperature close to the environmental
temperature (Withers, 1995). The above shows that
skin color changes are temperature dependent, and
result in solar absorption at low temperatures and
solar reflection at high temperatures (Navas et al.,
2008; Withers, 1995). Therefore, BT and water loss
are influenced by skin color patterns. In addition to

color, altitude is important, as shown by Percino-
Daniel et al. (2021) in a multispecies approach in the
genus Craugastor, where lowland populations were
compared to highland populations. Elevation was
found to play a fundamental role in regulating BT
and water loss; lowland populations were more sus-
ceptible to temperature fluctuations. In the case of
D. molitor, an interesting question to address would
be: in medium and high elevation species, if color has

 

 

Figure 3. Air temperature and temperature of Dendropsophus molitor agar models in relation to time of
day in the areas sampled at the Universidad Militar Nueva Granada, Cajicá, Colombia.
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Figure 4. Box plot showing the effect of microhabitat on agar model temperature (A), and percent weight
change of agar models (B) at the Universidad Militar Nueva Granada, Cajicá, Colombia.

a fundamental role in regulating body temperature.
To address this, it would be necessary to increase the
number of agar models and test different concentra-

tions and color ranges to simulate the color patterns
of this species in agar models (Guarnizo et al., 2014;
Tattersall et al., 2006).
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Climate variables and agar models

Our results show that the temperature of the agar
models was higher than the air temperature (figure
3). Therefore, it can be corroborated that D. molitor
has a heliothermic behavior previously described by
Navas (1996a), since it basks in the sun to raise
its body temperature. Amphibians that exhibit this
behavior dehydrate quickly and must adopt a posture
to conserve water when exposed to the sun (Mitchell
and Bergmann, 2016), a posture where the ventral
skin comes in contact with the substrate, the limbs
are kept under the body and the head in a low
position (Withers, 1995). This behavior has been
observed in D. molitor individuals from the UMNG
campus in Cajicá.

On the other hand, exposure to solar radiation, sub-
strate temperature, dew point, relative humidity (an-
nexes 4 and 5) and microhabitat type each affect the
percentage of weight change related to body temper-
ature, especially in microhabitats with exposure to
solar radiation (figure 4) (Maldonado-Castro, 2017;

Navas, 1996a). Solar radiation is related to substrate
temperature (annex 6) and these variables in turn
have a direct or indirect effect on body temperature
and water loss by evapotranspiration on a temporal
scale (Angilletta et al., 2010).

In this study, the microhabitat substrate tempera-
ture affected the BT of the agar model (annex 4),
which is concordant with what was found in the
species of the family bufonidae Anaxyrus compactilis
and Incilius occidentalis, in the species of the family
Hylidae Dryophytes eximius and D. arenicolor, and
in the species of the family Ranidae Lithobates neo-
volcanicus (Leyte-Manrique et al., 2018). The above
shows that both in the experimentation of agar mod-
els and that performed directly with specimens, these
models behave as thermoconformists given that they
depend on the conditions offered by the environment.

Regarding the sampling schedule, the hours with the
highest values of body temperature and the highest
dehydration of the agar molds of D. molitor are 12:00
and 16:00 hours (figures 3 and 5). The water loss is

 

 

Figure 5. Variation of temperature (A) and percent weight change (B) of the agar models with respect to
time of day, discriminated between wet and dry microhabitats at the sampling sites at the Universidad
Militar Nueva Granada, Cajicá, Colombia. The first and second sampling is highlighted in blue and white,
respectively.
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possibly due to a cooling strategy by evapotranspira-
tion during the hours of highest solar radiation and
therefore with the highest environmental tempera-
tures (Sanabria et al., 2003). However, evaporative
cooling by the amphibian causes a high metabolic
cost in exchange for maintaining an optimal temper-
ature (Alveal-Riquelme, 2015; Maldonado-Castro,
2017; Sanabria et al., 2003), the time dedicated to
thermoregulation is important to tolerate water loss
(Alveal-Riquelme, 2015; Sanabria et al., 2003).

The results show that several variables, such as
microhabitat temperature or ambient temperature,
solar radiation and relative humidity, have effects
on water loss and body temperature of the models.
These results are similar to those observed in the
work of Sanabria et al. (2003), where the variables
environmental temperature, solar radiation and wind
speed showed a significant effect on body tempera-
ture. In contrast, the studies of Navas et al. (2013)
and Rueda-Solano et al. (2016) found an association
between body temperature and altitude gradient.

On the other hand, dew point variable was found to
be related to body temperature and the percentage of
weight change of D. molitor (annexes 4 and 5). This
may be due to the fact that in these Andean frogs,
dew is a very important variable to compensate for
the high temperature, since it is one of the available
forms of water in the environment (Martines and
Lira, 2008).

This study suggests the need to incorporate more
variables in addition to environmental temperature
in ecophysiological studies, such as solar radiation,
substrate temperature, dew point, relative humidity,
precipitation, wind speed and microhabitat, because
they can have a strong effect on the thermal behavior
of the species to be studied (Alveal-Riquelme, 2015;
Maldonado-Castro, 2017).

CONCLUSIONS AND RECOMMENDATIONS

Although D. molitor presents different coloration
patterns which can be affected by environmental
temperature, where variation in coloration depends
on environmental temperature (Guarnizo et al.,
2014; Tattersall et al., 2006), in our agar models,

coloration variation was not significant for BT or wa-
ter loss. Dendropsophus molitor has a heliothermic
behavior and is therefore susceptible to dehydration.
The importance of including additional variables to
the environmental temperature is evident, because
they can be better descriptors of the thermal behav-
ior and percentage of weight change of the species.
This work highlights the need to monitor these
populations over time to evaluate the behavior of
abiotic variables on campus, and their effect on body
temperature and the percentage of weight change of
the savannah frog. This knowledge allows us to think
in the long term about conservation strategies for the
species on the campus, such as planting shrubs and
trees that favor the niches that the species use.
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and brown agar models of Dendropsophus molitor
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used for the evaluation of the effect of abiotic factors
on body temperature and percent weight change in
the savannah frog in Cajicá-Cundinamarca.

Annex 3. Multicollinearity analysis with all variables
using the variance inflation factor (VIF) method.
The two variables that are most affected by elimi-
nating the air temperature variable are highlighted
in bold.

Annex 4. Linear regression of significant environmen-
tal variables versus temperature of the agar model on
campus at the Universidad Militar Nueva Granada,
Cajicá, Colombia.

Annex 5. Linear regression of significant environmen-
tal variables versus percent weight change on campus
at the Universidad Militar Nueva Granada, Cajicá,
Colombia.

Annex 6. Correlation of solar radiation versus
substrate temperature in microhabitats monitored
on the campus of the Universidad Militar Nueva
Granada, Cajicá, Colombia.
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Angarita-Cañón, F.A. (2014). Efecto del ambiente de cul-
tivo y la densidad de siembra sobre la productividad de
dos materiales de romero (Rosmarinus officinalis L) is-
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Acta zoológica mexicana, 34, 1–14. https://www.redalyc.
org/articulo.oa?id=57560238046

Lillywhite, H. B. (2006). Water relations of tetrapod integu-
ment. Journal of Experimental Biology, 209 (2), 202–226.
DOI:10.1242/jeb.02007

Maldonado-Castro, G. A. (2017). Tasas de pérdida de
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Supplementary Material

Annex 1. Preparation of alginate molds and agar models, modified from the protocol of Sinervo et al. (2012).

For the preparation of the alginate mold, a Dendropsophus monitor specimen from the José Ricardo
Cure Hakim zoology collection of the Universidad Militar Nueva Granada (CZCH-UMNG) was used. The
specimen was placed on a flat, non-adherent surface and surrounded with a plasticine as a barrier to serve
the alginate mixture (Chroma print premiun), prepared with 37.5 ml of water and 10.5 g of alginate for
the realization of two 60 mm molds. First, the water was deposited and then the alginate was whipped
and poured quickly on the mold because it solidifies very quickly. It was then left to dry for 2 minutes.
The plasticine barrier was removed and, with the help of a spatula, the alginate mold was detached from
the surface (annex 2). On the ventral side of the mold, the excess alginate was carefully removed and the
CZCH-UMNG specimen was removed.

Finally, the agar was prepared to be deposited on the alginate mold. For this, 4.4 grams of granulated agar
and 200 ml of water were weighed, for 28 agar models of 7 grams. The solution was homogenized in the
microwave and finally, 2 drops of clown food coloring were added for 200 ml (annex 3). The colors used were
green and brown because they are the most abundant colorations of the D. molitor species on campus.

Annex 2. A. Alginate mold of Dendropsophus molitor used in the validation of the agar models. B. Green
and brown agar models of Dendropsophus molitor used for the evaluation of the effect of abiotic factors on
body temperature and percent weight change in the savannah frog in Cajicá-Cundinamarca.
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Annex 3. Multicollinearity analysis with all variables using the variance inflation factor (VIF) method. The
two variables that are most affected by eliminating the air temperature variable are highlighted in bold.

Variables VIF
VIF

without
TA

Microhabitat 2.196 2.194
Dew point 11.153 1.319

Relative humidity (‐TA) 60.913 2.313
Air temperature (TA) 52.113 ‐
Substrate temperature 2.389 2.342

Sun‐shade 2.109 2.109
Precipitation 1.239 1.167
Solar radiation 3.060 2.871
Wind speed 1.457 1.443
Microhabitat 3.174 3.173

Annex 4. Linear regression of significant environmental variables versus temperature of the agar model on
campus at the Universidad Militar Nueva Granada, Cajicá, Colombia.
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Annex 5. Linear regression of significant environmental variables versus percent weight change on campus
at the Universidad Militar Nueva Granada, Cajicá, Colombia.

 

 

Annex 6. Correlation of solar radiation versus substrate temperature in microhabitats monitored on the
campus of the Universidad Militar Nueva Granada, Cajicá, Colombia.
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