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Understanding the factors that may affect behavioural thermoregulation of endangered reptiles is important for
their conservation because thermoregulation determines body temperatures and in turn physiological functions
of these ectotherms. Here we measured seasonal variation in operative environmental temperature (Te), body
temperature (Tb), and microhabitat use of endangered crocodile lizards (Shinisaurus crocodilurus) from a captive
population, within open and shaded enclosures, to understand how they respond to thermally challenging en
vironments. Te was higher in open enclosures than in shaded enclosures. The Tb of lizards differed between the
open and shaded enclosures in summer and autumn, but not in spring. In summer, crocodile lizards stayed in the
water to avoid overheating, whereas in autumn, crocodile lizards perched on branches seeking optimal thermal
environments. Crocodile lizards showed higher thermoregulatory effectiveness in open enclosures (with low
thermal quality) than in shaded enclosures. Our study suggests that the crocodile lizard is capable of behavioural
thermoregulation via microhabitat selection, although overall, it is not an effective thermoregulator. Therefore,
maintaining diverse thermal environments in natural habitats for behavioural thermoregulation is an essential
measure to conserve this endangered species both in the field and captivity.

1. Introduction
Unlike endotherms that maintain a relatively stable body tempera
ture (Tb) through metabolic heat production, vertebrate ectotherms rely
on their thermal environment and the potential for thermoregulatory
behaviors of the species to maintain Tb close to their optimal tempera
ture (Garcia-Porta et al., 2019; Huey, 1982; Row and Blouin-Demers,
2006; Scheers and Van Damme, 2002). Ectotherms’ Tb affects physio
logical and behavioural traits such as locomotion, aggressive behav
iours, digestion, growth, reproduction and offspring performance
(Autumn and Nardo, 1995; Du and Ji, 2003; Mautz et al., 1992; Olsson
et al., 2011; Stevenson et al., 1985). Thus, studying the thermoregula
tory behaviour of ectothermic animals is critical for understanding the
selective forces in their environments, and provides important man
agement information to aid in the conservation of species experiencing
environmental perturbations due to climate change.
Reptiles regulate their Tb mostly behaviourally, although some
physiological mechanisms such as cardiac and peripheral vascular

changes and respiratory cooling may also be involved in thermoregu
lation (Seebacher and Franklin, 2005; Tattersall et al., 2006; Weathers
and White, 1971). Reptiles regulate body temperatures close to their
selected Tb in several ways, i.e., microhabitat choice, altering their ac
tivity, basking times and body posture, and shuttling between sun and
shade (Adolph, 1990; Bauwens et al., 1996; McConnachie et al., 2011;
Row and Blouin-Demers, 2006). These thermoregulatory behaviours
change daily and seasonally (Bauwens et al., 1996; Diaz and
Cabezas-Diaz, 2004; Shine and Lambeck, 1985).
Thermal quality of the environment (de) is defined as how closely the
available operative temperatures in a habitat match the selected body
temperature range (Tsel) (Hertz et al., 1993), that is, a habitat in which de
is large is a lower quality habitat than one in which de is small. Ther
moregulation effectiveness (E) is defined as the extent to which body
temperatures are closer to the Tsel than are operative temperatures
(Hertz et al., 1993), that is, a species whose E is large is a more effective
thermoregulator than those whose E is small. The thermoregulation
effectiveness of reptiles may be higher in low thermal quality habitats
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because they have to thermoregulate to avoid extreme Tb (Besson and
Cree, 2010; Blouin-Demers and Weatherhead, 2001; Row and
Blouin-Demers, 2006). In addition, reptiles may also change thermal
optimality and thermal performance breadth in response to novel
thermal environments (Logan et al., 2014). Therefore, changes in
behavioural thermoregulation in response to different thermal envi
ronments is an important topic in the study of reptilian
thermoregulation.
Previous studies of reptilian thermoregulation have mainly focused
on terrestrial species (Adolph, 1990; Bauwens et al., 1996; Herczeg
et al., 2003; Li et al., 2017; Row and Blouin-Demers, 2006), with little
attention given to those species shuttling between terrestrial and aquatic
environments (McConnachie et al., 2011; Meek, 1999; Meek and Avery,
1988). Due to the high specific heat capacity (high amount of heat
required to change its temperature) of water, semi-aquatic reptiles may
use distinctly different thermoregulatory strategies not only from the
terrestrial species, but also when in the water or on land in the same
species. For example, Chinese water dragons (Physignathus cocincinus)
dive into the water in hot weather (Meek, 1999), and yellow anacondas
(Eunectes notaeus) have higher Tb on land than in the water (McConna
chie et al., 2011). Understanding the benefits and challenges of aquatic
environments for reptilian thermoregulation is of great interest to
thermal ecologists.
The crocodile lizard (Shinisaurus crocodilurus) is a diurnal semiaquatic viviparous species distributed in rocky streams of cool moun
tain forests in southern China and northern Vietnam (Huang et al., 2008;
van Schingen et al., 2015). Population size of this species is decreasing
due to habitat destruction and hunting for a variety of purposes (e.g.,
medicine, food, and pet trade) (Huang et al., 2008; van Schingen et al.,
2015). As a result, this species is currently listed as endangered in the
World Conservation Union’s (IUCN’s) Red List (IUCN, 2020). Herein we
conducted a series of experiments to understand how changes in the
thermal environment may affect behavioural thermoregulation in
crocodile lizards, which may provide important management implica
tions for both in-situ and ex-situ conservation of this critically endan
gered species. We predict that (1) crocodile lizards will select different
microhabitats to find suitable thermal environments in different sea
sons, and (2) crocodile lizards thermoregulate more effectively in open
enclosures with low thermal quality compared with shaded enclosures
with higher thermal quality.

Guangxi Province, China. This nature reserve has a monsoon-influence
humid subtropical climate with annual precipitation of 2000–2100
mm, average annual temperature of 19–20 ◦ C, and extreme low (− 1 ◦ C)
and high (39–40 ◦ C) temperatures in winter and summer, respectively
(http://www.nmic.cn). Since 2015, these lizards have been housed in 2
× 3 m enclosures located near one of the streams crocodile lizards
typically inhabit. The enclosures were designed to mimic their natural
habitat. Half of each enclosure provided aquatic habitat using water
from the nearby stream. The other half of the enclosure consisted of soil
and rocks (as shelter sites) and bushes (Saurauia tristyla) used by lizards
as perching sites in their original habitat. In addition, passionfruit plants
(Passiflora edulis) were cultivated above enclosures to provide shade for
these lizards. Based on the percentage of shade (POS) area at 1200 h
created by passionfruit trees and other plants nearby, we divided these
enclosures into two groups: open vs shaded (POSspring = 31.9 ± 4.00%, n
= 8 vs 67.5 ± 4.30%, n = 10 (t = 5.938, df = 16, P < 0.001); POSsummer
= 40.0 ± 3.27%, n = 15 vs 80.0 ± 1.51%, n = 11 (t = 11.100, df = 19.35,
P < 0.001); POSautumn = 38.6 ± 6.24%, n = 7 vs 80.5 ± 3.12%, n = 11 (t
= 6.658, df = 16, P < 0.001) in spring, summer and autumn, respec
tively). A total of 72 lizards were maintained in open and shaded en
closures in spring, 104 in summer, and 72 in autumn, with four
individuals (two males and two females) kept in each enclosure (n = 18
in spring; n = 26 in summer; n = 18 in autumn). However, because some
individuals in the enclosures were not measured body temperature and
microhabitat use, the sample sizes in these experiments (see below) were
less than the total number of lizards in enclosures. Food (earthworms
and larvae of Tenebrio molitor) were provided ad libitum to the lizards
twice a week.
2.3. Operative environmental temperatures
We used 36 copper models to record operative environmental tem
peratures (Te) (Bakken and Gates, 1975) in open (n = 3) and shaded (n
= 3) enclosures from April of 2017 to October of 2018 in each season
(see detailed information of sample sizes in Table S1). Six copper models
were used to record Te of the different microhabitats within each
enclosure, one recording Te of open ground, shaded ground, under
water, inside the rock shelter each, and two recording Te on the perching
branches. Copper models consisted of sealed tubes (with an inner
diameter of 19 mm, a thickness of 1 mm, and a length of 150 mm to
approximate the size of adult S. crocodilurus) containing data loggers
(iButton, DS 1921, MAXIM Integrated Products Ltd., USA). The overall
Te for the open or shaded group was calculated from the mean of Tes of
microhabitats.

2. Materials and methods
2.1. Study species
Crocodile lizards (Shinisaurus crocodilurus) are habitat specialists
confined to densely vegetated rocky streams in cool forests found only in
Guangxi and Guangdong Provinces of southern China, and Bă
ắ́c Giang
and Quảng Ninh Provinces in northern Vietnam (Huang et al., 2008;
Quyet and Ziegler, 2003; van Schingen et al., 2015; Wu et al., 2012a,
2007). They are sedentary animals using most of the time resting, and
rarely bask in their natural habitat (Ning, 2007; Zeng, 2003). Crocodile
lizards have relatively low selected body temperatures (± SE; ranging
from 24.3 ± 0.25 to 26.5 ± 0.32 ◦ C for individuals of different age and
sex classes) and field body temperatures (Wang et al., 2009, 2008). The
daily activity rhythm of this species is strongly temperature- and
season-dependent (van Schingen et al., 2016; Ziegler et al., 2008).
Reproductive behaviour of crocodile lizards occurs in spring and sum
mer from April to July, with parturition occurring during the following
spring from March to May (Huang et al., 2008; Li et al., 2019).

We measured body temperatures of 174 lizards from both, open and
shaded enclosures in spring, summer and autumn (snout-vent length =
151.8 ± 1.20 mm, range 118–173 mm; body mass = 92.6 ± 2.41 g, range
42.9–151.5 g) (see detailed information of sample sizes in Table S1). We
used a Raytek MiniTemp™ Infrared Thermometer (Raytek, Santa Cruz,
California, USA) to record hourly skin (head) temperatures (Th) of adult
lizards from 0900 to 1600 h. To understand the relationship between
body temperature (Tb) and Th, we randomly measured cloacal temper
atures (Tb) of 11 lizards (temperature range: 26.4–30.6 ◦ C) using a
digital thermometer (UT322), immediately after detecting their Th.
Then we transformed all Th to Tb on the basis of the linear regression
between Tb and Th in 11 randomly chosen lizards (Tb = 1.0244Th −
1.5496; F1,9 = 26.1, R2 = 0.76, P < 0.001).

2.2. Study site and husbandry

2.5. Selected body temperature

In 2017, 2018, we measured behavioural thermoregulation of
captive crocodile lizards under semi-natural conditions in the Daguishan
National Nature Reserve (24◦ 09′ N, 111◦ 81′ E), Hezhou County of

To determine the selected body temperature (Tsel) of lizards, we set
up a thermal gradient of 18–45 ◦ C in a terrarium. Room temperature was
set at 18 ◦ C and UVA bulbs (Luban, 100W) suspended above one end of

2.4. Body temperature of lizards

2

Y.-J. Yang et al.

Journal of Thermal Biology 93 (2020) 102731

the terrarium generated temperatures up to 45 ◦ C. The terrarium con
tained 8 channels, each channel measuring 144 × 11 × 15 cm. We
measured Tsel of 16 individuals (8 males and 8 females) from each POS
group by inserting a digital thermometer probe (UT322, UNI-TREND,
Guangdong, China) into their cloaca. Measurements were taken every
hour from 0900 to 1800 h. We used the mean interquartile range of all
selected Tb of each lizard to present Tsel (Clusella Trullas et al., 2007;
Hertz et al., 1993; Scheers and Van Damme, 2002).

from Tsel, and thermal quality of the habitat (de) as a mean of the ab
solute value of the deviations of Te from Tsel. If Tb or Te is higher than the
upper bound of Tsel, db or de was calculated as the difference between Tb
or Te and the upper bound. If Tb or Te is lower than the lower bound of
Tsel, db or de was calculated as the difference between the lower bound of
Tsel and Tb or Te. Otherwise, db or de equaled zero. We estimated the
thermoregulatory effectiveness of lizards using two indices: E (calcu
lated as 1 − mean db/mean de) (Hertz et al., 1993) and de − db
(Blouin-Demers and Weatherhead, 2001) (see Table S2 showing calcu
lations of these indices).

2.6. The accuracy and effectiveness of thermoregulation
Following Hertz et al. (1993), we calculated the accuracy of ther
moregulation (db) as a mean of the absolute value of the deviations of Tb

Fig. 1. Operative environment temperature (Te), body temperature (Tb), and selected body temperature range (Tsel) of Shinisaurus crocodilurus in outdoor enclosures.
A: open enclosures in spring, B: shaded enclosures in spring, C: open enclosures in summer, D: shaded enclosures in summer, E: open enclosures in autumn, F: shaded
enclosures in autumn.
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2.7. Microhabitat use of lizards

Therefore, we pooled the Tsel of different sexes and groups together. The
upper and lower bounds of Tsel were 26.14 ± 0.45 ◦ C and 23.75 ±
0.27 ◦ C, respectively.

When measuring skin temperature, we also recorded the positions of
the lizards, i.e., whether they were on land, perched on a branch, in the
water, or inside the rock shelter. We then calculated the percentage of
microhabitat utilized by these lizards by averaging the number of lizards
observed in a given microhabitat (within an hour in a season), compared
to the total number of lizards in a group.

3.3. Indices of thermoregulation
The de differed significantly between open and shaded enclosures in
spring (t = 4.778, df = 19.47, P < 0.001) and summer (t = 3.134, df =
21.91, P < 0.01) but not in autumn (t = 0.909, df = 17.03, P = 0.376).
The de also differed among seasons in shaded enclosures (F2, 24.38 =
18.584, P < 0.001), but the estimates were marginally non-significant in
open enclosures (F2, 24.31 = 3.197, P = 0.059). In open enclosures, de was
highest in summer (5.46 ± 0.91 ◦ C) even though it was not significantly
higher than other seasons; in the shaded enclosures de was highest in
autumn (2.99 ± 0.19 ◦ C) (Table 1). The db differed significantly between
the open and shaded enclosures in summer (W = 1404.5, P < 0.001) and
autumn (W = 74, P < 0.05) but not in spring (W = 322, P = 0.490).
There was also a significant difference in db among seasons (open en
closures: H = 21.17, df = 2, P < 0.001; shaded enclosures: H = 19.79, df
= 2, P < 0.001). In the open enclosures, db was highest in summer and
lowest in spring; in the shaded enclosures db was highest in autumn and
lowest in summer (Table 1). Both indices of thermoregulatory effec
tiveness indicate that S. crocodilurus is able to thermoregulate more
effectively in open enclosures compared to shaded enclosures in all
seasons (Table 1).

2.8. Statistical analysis
All data were analyzed using Excel 2016, R studio (Version 1.1.463),
and IBM SPSS Statistics Version 20 (IBM Corp). The significance level
was set at alpha = 0.05. Data were tested for normality with ShapiroWilk tests or histograms, and homogeneity of variances with Levene’s
test before running any parametric tests. We used Kruskal-Wallis tests to
analyze the differences of db among seasons, with Fisher’s LSD as the
post hoc test. We used Kruskal-Wallis tests to analyze differences in
microhabitat utilization, and Conover’s test as the post hoc test. MannWhitney U tests were used to analyze differences of db and microhab
itat use between groups. We used t tests to analyze differences of de
between groups and Welch ANOVA to analyze differences of de among
seasons with Holm correction as the post hoc test. Two-way ANOVAs
were used to analyze the differences in Tsel between groups and sexes,
and repeated-measures ANOVA to analyze the difference in Tb between
groups and among seasons, and the difference in Te between groups
among microhabitats and seasons, with time of day as the within-subject
variable, with Tukey-Kramer method as the post hoc test. All values are
presented as mean ± standard error (SE).

3.4. Microhabitat use
When we pooled data from different seasons, lizards from the open
and shaded enclosures did not differ in the frequency of time on land (W
= 247, P = 0.404), in rock shelters (W = 245, P = 0.381) or on branches
(W = 233, P = 0.259). However, the proportion of lizards spending time
in the water was greater in open enclosures than in shaded enclosures
(W = 450, P < 0.001) (Fig. 2).
Hourly changes in microhabitat use by S. crocodilurus differed among
seasons and between open and shaded enclosures (Fig. 3). Lizards of
both open and shaded groups in all seasons showed differential micro
habitat preferences (all df = 3, P < 0.001: open & spring, H = 21.77;
shaded & spring, H = 25.28; open & summer, H = 26.38; shaded &
summer, H = 24.09; open & autumn, H = 26.53; shaded & autumn, H =
17.96). In spring, lizards in both open and shaded groups preferred rock
shelters to all other microhabitats (Holm adjustment, rock shelter-water
in open enclosures, P < 0.05; others, P < 0.001). In summer, lizards in
open enclosures preferred to be in the water more often, rather than on
land (Holm adjustment, water-land, P < 0.01; water-rock shelter, P <
0.001; water-branch, P < 0.001), while lizards in shaded enclosures
preferred to be on land (Holm adjustment, land-water, P < 0.05; landbranch, P < 0.001; land-rock shelter, P < 0.001). In autumn, lizards
preferred to be on branches more often in shaded enclosures (Holm
adjustment, all P < 0.001), but they preferred to be in the water more
often in open enclosures (Holm adjustment, water-land, P < 0.01; water-

3. Results
3.1. Operative environmental temperature and body temperature
Te in outdoor enclosures differed among microhabitats (F4, 63 =
52.56, P < 0.001) and seasons (F2,63 = 227.19, P < 0.001) and between
groups (F1,63 = 90.49, P < 0.001) (Fig. 1). The Te in open enclosures
(Spring: 27.17 ± 0.11 ◦ C, Summer: 31.58 ± 0.08 ◦ C, Autumn: 22.84 ±
0.10 ◦ C) were higher than in shaded enclosures (Spring: 23.84 ± 0.05 ◦ C,
Summer: 28.11 ± 0.04 ◦ C, Autumn: 21.64 ± 0.07 ◦ C). Measurements of
Te from open ground were higher than those recorded from branches in
all seasons except for autumn (Fig. 1E and F). In summer, Te in all mi
crohabitats within outdoor enclosures (except for water) was higher
than the upper bound of Tsel (Fig. 1C and D).
Tb differed between the two POS groups (F1,168 = 18.31, P < 0.001)
and among seasons (F2,168 = 442.39, P < 0.001). Additionally, the sig
nificant interaction between season and group on Tb (F2,168 = 4.29, P <
0.05) indicates greater thermal variation among seasons in open en
closures compared to shaded enclosures. The Tb differed significantly
between the open and shaded enclosures in summer (Tukey adjustment,
P < 0.001) and autumn (Tukey adjustment, P < 0.05), but not in spring
(Tukey adjustment, P = 0.999).
Only a few of Tbs recorded in open enclosures (13.3%, 95/711) and
shaded enclosures (14.6%, 81/554) were located within the Tsel (Fig. 1).
Furthermore, in summer, nearly all Tbs exceeded the upper bound of Tsel
in both open (95.4%, 354/371) and shaded (87.2%, 238/273) enclo
sures (Fig. 1C and D). Additionally, the majority (90.6%, 116/128) of
Tbs in shaded enclosures in autumn were below the lower bound of Tsel
(Fig. 1F).

Table 1
Thermal quality of the habitat (d e), the accuracy of thermoregulation (db), and
the effectiveness of thermoregulation (de − d b, and E) of Shinisaurus crocodilurus.

3.2. Selected body temperature

Season

Group

de ± SE
(◦ C)

db ± SE
(◦ C)

de − d
(◦ C)

Spring

Open enclosures
Shaded
enclosures
Open enclosures
Shaded
enclosures
Open enclosures
Shaded
enclosures

3.5 ± 0.37
1.6 ± 0.12

1.6 ± 0.28
1.7 ± 0.31

1.94
− 0.1

0.55
− 0.06

5.5 ± 0.91
2.4 ± 0.35

3.0 ± 0.18
1.6 ± 0.12

2.5
0.82

0.46
0.34

3.2 ± 0.12
3.0 ± 0.19

2.5 ± 0.28
3.6 ± 0.37

0.71
− 0.63

0.22
− 0.21

Summer

There was no significant difference in the upper and lower bounds of
Tsel between groups or sexes (Table S3). In addition, no interactions
existed between sex and group when comparing the upper (F1,28 =
0.492, P = 0.489) or lower (F1,28 = 0.251, P = 0.620) bounds of Tsel.

Autumn
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behaviourally thermoregulate to maintain their preferred body tem
peratures to some degree close to their Tsel, even in semi-natural en
closures containing relatively simple vegetation and physical structures.
Our study has shown that crocodile lizards can achieve more suitable
body temperatures by altering their microhabitat use, which is very
common in reptiles (Bauwens et al., 1996; Dubois et al., 2009; Gifford
et al., 2012; Row and Blouin-Demers, 2006), although this species is not
as precise at thermoregulation compared to some other lizards (Li et al.,
2017; Nadeau and Blouin-Demers, 2005; Sartorius et al., 2002). For
example, in summer crocodile lizards in open enclosures exhibited a
strong preference for water probably to avoid overheating, which likely
contributed to the relatively small differences in Tbs between the two
POS groups despite dramatic differences in Tes. The crocodile lizards in
our study adopted this thermoregulatory behaviour in response to the
thermally challenging environment (high temperatures) within the
artificial enclosures. However, in their natural habitat where thermal
environments are more suitable, lizards jump into the water to escape
predators rather than for thermoregulatory reasons (Su et al., 2006; Wu
et al., 2012a; Yu et al., 2006). In contrast, crocodile lizards in the shaded
enclosures displayed strong preferences for branches in autumn where
their Tbs were generally below Tsel because Te of branches were higher.
Crocodile lizards rarely basked on open ground during our experi
ment. A previous study on the daily activities of crocodile lizards in the
field showed that they spent no more than 6% of their time basking
(Zeng, 2003). Similar to our study species, the Chinese water dragon
(Physignathus cocincinus) occurs in dense vegetation alongside aquatic
areas, and only basks in cloudy weather (Meek, 1999). In their natural
habitat of creeks lined by dense vegetation, “open ground” for basking
by crocodile lizards is highly limited. As such, Te of open ground was
similar to that of shaded ground in the field (Fig. S1). It thus seems more
likely that crocodile lizards do not rigorously bask. Similarly, many
species that live in shaded habitats in the warm tropics rarely bask
(Huey, 1982; Meek, 1999). Even in some species that do bask, the
behaviour is not always of thermoregulatory significance (Manning and
Grigg, 1997).
Moreover, crocodile lizards were able to thermoregulate better in the
lower thermal quality environment that might force the lizards to
actively thermoregulate, as seen in other reptiles (Besson and Cree,
2010; Row and Blouin-Demers, 2006). We suggest this is because ther
moregulatory effectiveness of crocodile lizards is higher in open enclo
sures than shaded enclosures, and also because de in open enclosures
was higher than in shaded enclosures. In addition, crocodile lizards
thermoregulate more effectively in summer than in other seasons,
probably to avoid overheating (Table 1), as reported in some other
species (Blouin-Demers and Weatherhead, 2001).
In conclusion, due to lack of vegetation, the crocodile lizards in
outdoor enclosures of the breeding center experienced higher Tes than
did those in the field (Table S4). Although crocodile lizards can ther
moregulate more effectively in thermally challenging environments by
altering microhabitat use, the low quality of the thermal environment in
outdoor enclosures compared to the field changed their thermoregula
tory behaviour (high frequency of waterbody utilization), and may
impose stress (e.g., low locomotor performance, high energy expendi
ture) on these lizards. Accordingly, with regards to ex-situ conservation
practices, providing more vegetation to create thermally suitable envi
ronments for this species is very important, given that they prefer
relatively low temperatures. With regard to their in-situ conservation, it
is clear that continued industrial forestry practices and loss of local
vegetation will deteriorate the quality of thermal environments avail
able for this species. Although the lizards could maintain necessary body
temperatures in altered environments, the associated changes in
behavior were substantial and could negatively affect the survival of
individuals and population stability in the not-too-distant future.

Fig. 2. The percentage of different microhabitats utilized by Shinisaurus croc
odilurus in open and shaded enclosures. Statistically significant differences (P <
0.001) between groups are indicated by three asterisks.

rock shelter, P < 0.001; water-branch, P < 0.001).
4. Discussion
Crocodile lizards have a relatively low Tsel compared to most other
diurnal lizard species from tropical or temperate-zone habitats (Dawson,
1975; Huey, 1982; Huey and Bennett, 1987; Labra, 1998; Lara-Reséndiz
et al., 2015; Li et al., 2017; Licht et al., 1966). This is probably attrib
utable to their forest habitat, which provides a relatively cool thermal
environment for this lizard even in the subtropical proportion of its
range (Fig. S1) (Ning, 2007). In some lizards, thermal preferences are
correlated with the thermal environment of their microhabitat (Scheers
and Van Damme, 2002). For example, preferred body temperatures of
Eumeces elegans, which occupies open habitat, were significantly higher
than those of Sphenomorphus indicus, which occupies closed habitat (Du
et al., 2006). The lack of significant differences in Tsel for crocodile
lizards in our study suggests that short-term changes in the thermal
environment won’t change their thermal preference.
We were unable to measure Tb or record microhabitat use in nature
because of the density of the vegetation and the wariness of the crocodile
lizards. Instead, we recorded Te in four random sites in their natural
habitat (600m away from the enclosures) in 2017 using the same
methodology than in the enclosures. Analysis of Te in their natural
habitat (Fig. S1) suggested that crocodile lizards can maintain body
temperatures within or near Tsel in most of their active months
(April–October) despite the narrow Tsel range (23.75–26.14 ◦ C). How
ever, Te in outdoor enclosures was higher than the upper bound of Tsel.
As a result, the Tbs of lizards in the outdoor enclosures were generally
higher than the upper bound of Tsel in summer (Fig. 1C and D). High
ambient temperatures in the open enclosures may have negative impacts
on S. crocodilurus because temperatures >28 ◦ C not only increase resting
metabolic rates and thereby energy consumption, but also decrease lo
comotor performance that may affect foraging effectiveness and pred
ator avoidance (Wang et al., 2008; Wu et al., 2012b). Tbs were not
dramatically different between lizards from the open and shaded en
closures; however, Tes were significantly higher in open enclosures than
in shaded enclosures. This suggests that crocodile lizards must
5
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Fig. 3. Hourly changes in the percentage of microhabitats utilized by Shinisaurus crocodilurus in open and shaded enclosures in different seasons. A: open enclosures
in spring, B: shaded enclosures in spring, C: open enclosures in summer, D: shaded enclosures in summer, E: open enclosures in autumn, F: shaded enclosures
in autumn.
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