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Abstract 

Amphibians are facing population declines and extinctions, and protecting and supplementing refuges can help spe‑
cies survive. However, the microhabitat requirements of most species are unknown, and artificial shelters or burrows 
have not been well tested for amphibians. Some amphibians exhibit complex behaviour during the transition from 
post‑reproductive dormancy to activity. However, little is known about the ecology, post‑reproductive dormancy, and 
terrestrial activity of amphibians. Here, habitat site selection in experimental enclosures and the effects of shelters 
(stones, soil) and shade (with and without shade netting) on the activity, exposed body percentage, burrow depth, 
body‑soil contact percentage, and survival of Rana dybowskii were investigated during post‑reproductive dormancy 
and post‑dormant activity. The results showed that R. dybowskii live individually under leaves, soil, stones or tree roots. 
Furthermore, although the dormant sites of frogs are significantly different, the distribution of male and female frogs 
in these sites is similar. Shading and shelter significantly affected the exposed body percentage, burrow depth and 
body‑soil contact percentage of frogs compared with soil. In the stone group, soil and stone form the frog’s refuge/
burrow, whereas in the soil group, the refuge/burrow is composed entirely of soil. Even though the soil group has a 
deeper burrow and a larger area of soil contact with the body, it still has a higher exposure rate than the stone group. 
Frog activity frequency was affected by shelter and shade; the interaction of shelter and time and the interaction of 
shading and time were significant. The soil group had a higher activity frequency than the stone group, and the no‑
shade group had a higher activity frequency than the shade group. Shelter and shading differences do not signifi‑
cantly affect frog survival; however, the death rate during post‑reproductive dormancy is lower than that during the 
active period.
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Introduction
Amphibians are experiencing catastrophic population 
decreases and extinction due to infectious illnesses, habi-
tat loss, climate change, invasive species, and chemical 
contaminants, underscoring the critical need for con-
servation [1]. Many amphibian species require a variety 
of habitat types to complete their life cycle [2]. Failing to 
conserve any of these habitats can lead to local extinction 
[2, 3]. The use of artificial refuges, captive breeding and 
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reintroduction projects have played an important role in 
population management and species conservation [2]. 
Understanding the microhabitat preferences and min-
ute activity patterns of animals within habitat patches is 
essential for both field management and predicting cap-
tive management settings in ex situ programs [4, 5].

There are many causes of amphibian declines, and in 
recent years, a growing body of research has focused 
on how amphibians are being affected by global cli-
mate change [5, 6]. In addition to raising average air and 
ocean temperatures, climate change has also increased 
the severity and frequency of extreme climatic occur-
rences [7]. Climate likely affects animal growth, devel-
opment, foraging, hibernation, and breeding [7]. 
Permeable and exposed skin, unshelled eggs, complex 
life cycles, and ectothermic physiologies make amphib-
ians more susceptible to aquatic and terrestrial tem-
perature and precipitation variations [8]. It is crucial to 
lessen exposure to stressful situations to reduce vulner-
ability and the effects of climate change [5, 9, 10]. Since 
amphibians rely on external energy to control their body 
temperature, these refuges may help mitigate the conse-
quences of climate change and extremes for amphibians 
[11, 12]. Previous research has demonstrated that man-
made shelters or burrows are beneficial supplementary 
refuges for reptiles, but their use for amphibians has 
not been thoroughly examined [5, 13]. One difficulty is 
that habitat requirements for most species are virtually 
unknown.

Many amphibian species require a variety of habitat 
types to complete their life cycle [14]. Failing to conserve 
any of these habitats can lead to local extinction [2]. For 
the majority of endangered amphibians, elucidating their 
habitat needs is a crucial step in conservation strate-
gies [15, 16]. The population trends and occurrences 
of amphibians are also heavily impacted by terrestrial 
habitat characteristics [13, 16]. However, the majority of 
amphibian population research relies on survey data col-
lected from aquatic breeding habitats [13]. For example, 
pond-breeding amphibians (such as Rana dybowskii) 
require high-quality aquatic and terrestrial habitat [17]. 
After mating and spawning, both female and male R. 
dybowskii go from entering post-breeding dormancy to 
becoming active again sometime later, and R. dybowskii 
exhibits very complex behaviour, influenced by complex 
environmental factors [17]. Consequently, studying the 
migrations and habitat use of pond breeding amphibians 
can provide vital information on the quantity and type of 
terrestrial habitat needed, as well as crucial habitat fea-
tures [3]. However, little research has been conducted 
on the ecology and behaviour of amphibians during 
post-reproductive dormancy and activity in terrestrial 

ecosystems; in particular, previous studies have not 
focused on habitat use during this period.

In place of natural refuges, artificial refuges are man-
made buildings designed to provide secure areas for ani-
mals to use during breeding, dormancy, hibernation, or 
when seeking shelter [5, 13]. Around the world, artificial 
refuges are utilized to lessen the effects of numerous 
hazards to wildlife, such as habitat loss and degradation 
[5]. Natural refuges are generated by a variety of habitat 
structural components, such as tree bark, soil or stone 
crevices, and leaf shelters [12]. For wildlife, shelters are 
an important part of the animal environment [18]. Physi-
cal characteristics of the shelter (size, building materi-
als) and surroundings (shade, vegetation, orientation of 
entrances, distance from resources) may influence ani-
mal predation or predator avoidance and survival [5]. 
The possibility that manmade refuges can successfully 
replace lost natural refuges can be increased by under-
standing the physical and environmental characteristics 
that a species prefers for its refuge [19]. Artificial shelters 
are useful extra refuges for amphibians, but their use for 
amphibians has not been well studied and the best prac-
tice for artificial refuge installation for wildlife conserva-
tion is still unknown [5, 6].

The brown frog (R. dybowskii) is mainly distributed 
in northeastern China, where it is widely hunted for its 
medicinal and commercial value and where the degrada-
tion of its habitat has drastically decreased its number 
[20]. Rana dybowskii has a significant fatality rate during 
the post-reproductive phase, which could be due to harsh 
weather in early spring and poor post-reproductive dor-
mancy habitat conditions [21]. The high death rate of R. 
dybowskii during the post-reproductive period is a seri-
ous challenge to establishing captive breeding and rein-
troduction programs [22]. The survival of R. dybowskii 
exposed to harsh spring circumstances may depend on 
their ability to identify abundant climate refuges locally 
[11]. Can preserving or supplementing manmade and 
natural shelters, as well as building varied microclimate 
refuges, provide a buffer against life-threatening situa-
tions and suit the physiological needs of R. dybowskii that 
frequently inhabit these microhabitats [6, 11]?

In this study, we first studied post-reproductive dor-
mancy site selection by R. dybowskii in experimental 
enclosures to determine its dormancy site preferences 
during post-reproductive dormancy; then, the effects 
of shelter and shade on the behaviour and survival of R. 
dybowskii following post-reproductive dormancy were 
investigated in a controlled experiment. Studying the 
optimal habitats of R. dybowskii during post-reproductive 
dormancy provides a reference for ecological research on 
amphibians.
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Materials and methods
Experimental site and species
Experiments were conducted within the natural distri-
bution zone of R. dybowskii in Jiamusi city, Heilongji-
ang Province, China (46°51′54″N, 130°17′32″E, altitude 
80  m) (Fig.  1). Jiamusi has a moderate-temperature 
continental monsoon climate with long winters and 
short summers, a frost-free period of approximately 
145  days, an annual precipitation volume of 510  mm, 
and an annual average temperature of 2.8 °C.

The brown frog used for the experiment came from 
a semimanufactured farm. The tadpole stage of the 
brown frog was raised by humans, while the young and 
adult frogs lived in the natural habitat of the forest frog. 
Each animal was tested once. At the end of the experi-
ments, individuals were released at the capture site. The 
brown frogs had body masses of 19.31 ± 5.24 g (mean 
± SD; males) and 25.11 ± 6.19 g (females) (in 2018; 
post-reproductive dormancy site selection) and 17.36 
± 4.57 g (males) and 29.65 ± 5.32 g (females) (in 2019; 
effects of shelter and shade on dormancy, behaviour 

and survival). All frogs were weighed before spawning. 
All experimental enclosures were located outdoors near 
spawning ponds and in the natural habitat.

Methods
Post‑reproductive dormancy site selection

Experimental design To understand the specific dor-
mant position of R. dybowskii in post-reproductive 
dormancy habitats, we chose 120 spawning frogs 
(male:female = 1:1) and placed them in the experimental 
enclosures to observe their dormant sites, activity and 
death.

Experimental enclosures and habitat manipula-
tions The enclosure was 900  m2 in zone and had spawn-
ing ponds. The depressions (spawning ponds) were 
spawning ponds for amphibian reproduction. At the 
beginning, the water at the centre of the spawning pond 
was 85.3 cm in depth and ~ 130  m2 in zone. The vegeta-
tion in the enclosure was well preserved and consisted of 

Fig. 1 The experimental site was located in the suburbs of Jiamusi city. Jiamusi are situated near the northern foot of the Wanda Mountains and 
the western edge of the Three Rivers Plain. The best environment for a wildlife habitat is a mixed forest of trees, primarily consisting of poplar, birch, 
Quercus, linden, and willow, with a wide diversity of understory herbaceous plants
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weeds and a small number of dwarf trees (59 trees), with 
approximately 340  m2 of the enclosure covered by fallen 
leaves. To prevent the frogs from escaping, we sealed the 
four site edges each with a plastic cloth fence (30.0 × 30.0 
 m2) supported by wooden sticks at an interval of 1–2 m. 
The bottom of each plastic cloth was embedded in soils, 
and the fence floor was approximately 1.0 m high.

Experimental procedure Experiments were con-
ducted in April and May 2018. On 10 April, vigorous 
wild frogs were placed in a spawning pond to lay eggs. 
After approximately 2 days, the frogs had finished laying 
eggs (Fig. S1). On 12 April, 60 male and 60 female frogs 
were randomly selected and placed in an experimental 
enclosure. During the experiment, frog activity and for-
aging were observed, and the integrity of the fence was 
checked on a daily basis. Any dead frog was immedi-
ately removed from the enclosure. Dormant sites were 
recorded on 25 April, 1 May and 6 May 2018. From 20 
to 25 May, we searched for R. dybowskii, took the frogs 
out of the enclosure, and calculated their survival rates 
(survival number).

Effects of shelter and shade on dormancy, behaviour 
and survival

Experimental design Four groups were established, 
and all tested in triplicate. Each replicate involved 50 
frogs (male:female = 1:1; total 600 frogs), and the four 
dormancy microhabitats (experimental enclosures) are 
described below. The total zone of the four experimental 
enclosures was 48  m2.

Experimental enclosures and habitat manipulations 

 I Stone shelter without shading group: A dor-
mancy zone (6.0 × 2.0  m2) surrounded by a fence 
(T-fences, 60 cm high) was divided into three dor-
mancy subzones (each 2.0 × 2.0  m2). Each of the 
subzones was regarded as one replicate.

 T-fences were installed around the dormant subzones 
to prevent the animals from escaping. The floor of 
the dormancy zone was covered by a layer of cob-
blestones (diameter 10–20  cm). The cobblestones 
were placed in ridges with a gap of 20 cm between 
them and the fence. A transparent plastic cloth 
wider than the dormancy zone was installed in the 
upper part (1.6  m) of the zone to protect it from 
rainfall. To prevent strong wind and animal escape, 

we placed another fence (the outer fence) outside 
the dormancy zone (Fig. S2).

 II Stone shelter with shading group: The same condi-
tions as microhabitat I were adopted except that 
the top of the dormancy zone was covered with 
straw matting to reduce light penetration and 
exclude rainfall.

 III Soil shelter without shading group: The same con-
ditions as those in microhabitat I were employed 
except there was no stone, and a 20 cm thick soil 
layer was added to the surface of the dormant zone.

 IV Soil shelter with shading group: The same condi-
tions as microhabitat III were set, except that the 
dormancy zone was covered by a thin straw mat 
that reduced light penetration and prevented rain-
fall.

In all dormancy zones, the ground surfaces were wetted 
to maintain ~ 40% soil moisture before the frogs entered 
dormancy, but no wetting was performed during the dor-
mancy period.

Experimental procedure During the experiments, the 
frog population was periodically examined, and dead 
frogs were immediately removed. The survival rate (sur-
vival number) of R. dybowskii was investigated on both 6 
May and 25 May 2019.

The frogs were randomly and periodically sampled to 
examine their resting status, exposed body percentage, 
burrow depth and body-soil contact percentage. The 
exposed body percentage was computed as the propor-
tions of the abdomen and back that were exposed (the 
abdomen and back were counted as 45% and 55% of the 
body, respectively). The body-soil contact percentage 
was computed as the proportion of the body in con-
tact with soil and was estimated in the same way as the 
exposed body percentage. Burrow depth was defined as 
the distance between the top of the highest surround-
ing soil and the abdomen of the frog.

The occurrence frequency (activity frequency) at 
which frogs appeared above ground was observed daily 
from 10 April to 25 May. “Appearance above ground” 
was defined as a frog exposing more than 75% of its 
back. If this condition was met, the corresponding frog 
was recorded as “appearing on the ground” (Fig. S4). 
We recorded the number of frogs appearing on the 
surface every day at approximately 14:00. Experiments 
were conducted between 10 April and 20 May 2019, 
and the above indices were measured on 25 April, 1 
May and 6 May 2019. The survival rate (survival num-
ber) of R. dybowskii was investigated on 6 May and 20 
May separately.
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Statistical analysis
All results are expressed as the mean ± standard devia-
tion (x ± SD). Fisher’s exact test was used to compare 
habitat distributions and survival rates in males and 
females. The Scheirer Ray Hare test (a nonparametric 
test) was used to analyse a two-way factorial design for 
the effect of shelters and shading on the body exposure 
rate, body-soil contact rate, and burrow depth, and the 
Nemenyi test was used for post hoc analysis.

Generalized estimating equations (GEE) were used to 
analyse the repeated-measures design for the effect of 
shelters, shading and time by selecting the frequency of 
activity at four time points: the beginning of post-repro-
ductive dormancy (11 April), during post-reproductive 
dormancy (25 April and 10 May), and at the end of post-
reproductive dormancy (25 May). The same method 
was used by selecting the surviving number at two time 
points: day 1 (6 May) and day 2 (20 May). Least-squares 
means estimated from GEE were used for pairwise post 
hoc multiple comparisons while applying the Bonferroni 
method to calculate the adjusted p values.

All statistical analyses were performed utilizing R 
software (version 3.5.3), the Scheirer Ray Hare test was 
conducted via the rcompanion package [23], and the 

generalized estimating equations (GEE) and post hoc 
tests were conducted with the gee pack and emmeans 
packages, respectively [24]. P < 0.05 indicated a signifi-
cant difference.

Results
Post‑reproductive dormancy site selection
During the experimental period, from 8 April to 30 May, 
the overall rise of the land at the experimental site was 
slow but slightly fluctuating (Fig. S4). Rana dybowskii 
tended to rest in dark and wet conditions at low tem-
peratures (> 0 °C) in cool zones with small day-night tem-
perature differences. The majority of the frogs entered 
dormancy alone, with all four limbs bowed. The ventral 
surfaces of the forelimbs were positioned behind the 
anterior borders of the eyes; the frogs’ eyes were tightly 
closed, and they breathed slowly.

There was a statistically significant difference in dif-
ferent frog dormant sites (F = 115.090, df = 4, P < 0.01). 
The majority of the frogs rested beneath leaves (female: 
36.11%; male: 38.89%), beneath the soil (female: 19.44%; 
male: 17.78%), and beneath stones (female: 17.78%; male: 
14.44%); nevertheless, a minor number rested beneath 

Fig. 2 Site selection during post‑reproductive dormancy in R. dybowskii. The majority of the frogs rested beneath leaves, beneath the soil, and 
beneath stones; nevertheless, a minor number rested beneath wate or beneath roots
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water (female: 4.44%; male: 3.33%) or beneath roots 
(female: 4.44%; male: 5.55%) (Fig. 2).

Male and female frogs did not differ in their habitat 
selection. The occurrence distribution of male and female 
frogs in these dormant sites did not differ significantly on 
25 April, 1 May, or 5 May (Fisher’s exact test, P = 0.943, 
P = 0.937, and P = 0.824, respectively; Fig. 2).

There was no difference between male and female 
frogs in terms of survival rates. On 25 May, a total of 112 
frogs were found, with 37 females and 39 males surviv-
ing and 18 females and 18 males dying. The difference 
between female and male survival (67.27% (37/55) vs. 
68.42% (39/57)) was not significant (Fisher’s exact test, 
P = 1.000).

Effects of shelter and shade on dormancy, behaviour 
and survival
The temperatures in the experimental enclosures all rose 
in a fluctuating manner from April to May (Fig. S4). The 
frogs instantly found hibernation locations, hiding in soil 
holes and under stones. They dug caverns and increased 
soil contact. During dormancy, animals dug burrows with 
their fore and rear limbs (Fig. S3). The frogs were able to 
easily create burrows in soft and loose soils and hide in 
the gaps between the stones and between the stones and 
the soil.

In the stone group, soil and stone form the frog’s ref-
uge/burrow, whereas in the soil group, the refuge/burrow 
is composed entirely of soil. The results of the Scheirer 
Ray Hare test for the two-factor design with shelter and 
shading factors showed a statistically significant differ-
ence in the interaction of shelter and shading for body 
exposure rate, body-soil contact rate, and burrow depth 
(Scheirer Ray Hare test, H = 4.7, df = 1, P = 0.029; H = 7.2, 
d f = 1, P = 0.007; H = 17.3, df = 1, P < 0.001, respectively) 
(Table S1).

Post hoc tests showed that the body exposure per-
centages of the frogs were 23.26 ± 7.51% (soil with-
out shading group), 30.21 ± 7.21% (soil with shading 
group), 7.35 ± 6.29% (stone without shading group), and 
7.28 ± 6.76% (stone with shading group) (Fig. 5A). Com-
paring the body exposure percentage among all 4 groups, 
the only nonsignificant difference was between the soil 
without shading and soil with shading groups (Nemenyi 
test, χ2 = 0.017, df = 3, P = 0.999; Table S2, Fig. 3a).

The soil without shading group had a higher body-
soil contact percentage than the stone without shad-
ing group. The body-soil contact percentages of the 
frogs were 73.54 ± 5.67% (soil without shading group), 
67.26 ± 10.52% (soil with shading group), 61.50 ± 7.28% 
(stone without shading group), and 61.43 ± 3.98% (stone 
with shading group) (Fig.  5B). Comparing the body-soil 

Fig. 3 Occurrence frequency of post‑reproductive dormancy of R. dybowskii under different shelters and with and without shade. In April, 
substrate and shade frogs were assigned to four habitats after spawning. Frogs found dormancy spots quickly. After many days, all frogs had found 
acceptable places to hide and fewer were on the ground. Frogs left dormancy and latency in early May. Over time, more frogs appeared
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contact percentage among all 4 groups, the only nonsig-
nificant difference was between the soil without shading 
and soil with shading groups (Nemenyi test, χ2 = 0.889, 
df = 3, P = 0.828; Table S2, Fig. 3b).

The soil group had a deeper burrow depth than the 
stone group. The burrow depths of the frogs were 
3.93 ± 0.35  cm (soil shelter without shading group), 
3.42 ± 0.41  cm (soil shelter with shading group), 
2.33 ± 0.28  cm (stone shelter without shading group), 
and 2.09 ± 0.35  cm (stone shelter with shading group) 
(Fig.  3c). There were significant differences among all 
four groups (Kruskal–Wallis rank sum test: χ2 = 186.524, 
df = 3, P < 0.01; Table S2, Fig. 3).

Even though the soil group had a deeper burrow and 
a larger area of soil contact with the body, the soil group 
still had a higher exposure rate than the stone group 
(Fig. 3). Comparing the body exposure percentage, body-
soil contact percentage, and burrow depths among all 4 
groups, the only nonsignificant difference was between 
the soil without shading and soil with shading groups 
(Nemenyi test, χ2 = 4.791, df = 3, P = 0.188; Table S2, 
Fig. 3c).

Figure 4 shows that one week later, practically all frogs 
had hidden and were rarely seen. On 5 May, the frogs 
moved (Fig. 4). GEE was used to investigate the influence 
of shelter, shading and time by selecting the frequency of 
activity at four time points (Table S3). The results indi-
cated that the interaction of shelter and time and the 
interaction of shading and time were significant (P < 0.05; 

Table S4). Different times and shelters/shades resulted in 
different activity frequencies.

At some points in time (11 April and 25 May), frogs 
appeared more frequently in the shelter soil than in the 
shelter stone. In the comparison between shelter stone 

Fig. 4 Effects of shelter and shade on the percentage of exposed body, body‑soil contact percentage and depth of burrow of R. dybowskii. Ray Hare 
test for two‑factor design with shelter and shading demonstrated a statistically significant interaction for body exposure rate, body‑soil contact rate, 
and burrow depth

Fig. 5 Effects of shelter and shade on the survival of R. dybowskii. 
The survival rates were measured at the end of most of the frogs’ 
post‑reproductive dormancy and after the end of the experiment. 
Data are displayed as the average ± SD
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and soil, behaviour towards frogs was different at the 
beginning of post-reproductive dormancy (11 April) 
(Pairwise comparison of Least Square Means, adjusted 
P < 0.05), was not different during post-reproductive 
dormancy (25 April and 10 May) (Pairwise comparison 
of Least Square Means, P > 0.05) and was different at the 
end of post-reproductive dormancy (25 May) (Pairwise 
comparison of Least Square Means, adjusted P < 0.05) 
(Table S5).

At some points in time (11 April, 10 May, and 25 May), 
frogs appeared more frequently in the nonshade group 
than in the shade group. Comparisons between shade and 
nonshade on frog behaviour were different at the start of 
post-reproductive dormancy (11 April) (Least Square 
Means, adjusted P < 0.01); there was no difference during 
post-reproductive dormancy (25 April) (Pairwise com-
parison of Least Square Means, adjusted P > 0.05) and 
during post-reproductive dormancy (10 May) (Pairwise 
comparison of Least Square Means, adjusted P < 0.05); 
and at the end of post-reproductive dormancy (25 May), 
soil without shade was significantly different from soil 
with shade (Pairwise comparison of Least Square Means, 
adjusted P < 0.05), and stone without shade was not sig-
nificantly different from stone with shade (Pairwise com-
parison of Least Square Means, adjusted P > 0.05) (Table 
S6).

GEE was used to investigate the influence of shelter, 
shading and time on the survival rate of activity at two 
time points (Table S4). The survival rate of frogs did 
not differ among shelter/shade types (P > 0.05; Table 
S7). During dormancy (6 May, day 1), the survival rates 
were 82.67 ± 12.22% (soil group), 80.67 ± 6.11% (soil 
with shading group), 84.67 ± 5.03% (stone group), and 
82.67 ± 8.32% (stone + shading group) (Fig. 5). By the end 
of the experiment (20 May, day 2), the survival rates were 
60.67 ± 5.03% (soil without shading group), 58.67 ± 1.15% 
(soil with shading group), 67.33 ± 7.02% (stone without 
shading group) and 66.67 ± 6.11% (stone with shading 
group) (Fig. 5).

The survival rate of frogs was reduced in the post-
dormancy activity period. The difference between day 1 
(6 May) and day 2 (20 May) was statistically significant 
(pairwise comparison of least square means, adjusted 
P < 0.05), with the number of surviving frogs being 
smaller on day 2 (Table S8).

Discussion
Amphibians are facing population declines and extinc-
tions, and protecting and supplementing refuges can help 
species survive [22]. However, the microhabitat require-
ments of most species are unknown, and artificial refuges 
have not been well tested for amphibians [5, 22]. In this 
study, we first evaluated the post-reproductive dormancy 

site selection of R. dybowskii in experimental enclo-
sures to determine its dormancy site preferences. We 
then investigated the effects of shelter and shade on R. 
dybowskii behaviour and survival following post-repro-
ductive dormancy.

Effects of temperature on habitat selection
Among the conditions that influence the activity or dis-
tribution of frogs, the most important may be tempera-
ture and water [25, 26]; in particular, low temperature 
may be a major inducer of post-reproductive dormancy 
in R. dybowskii [21]. In the present study, R. dybowskii 
live mainly under leaves, soil, and stones, and different 
dormant sites were significantly different. According to 
wood frog post-breeding habitat utilization, frogs prefer 
locations with deeper leaf litter layers, warmer air, and 
less humidity and light [27]. Post-breeding adult wood 
frogs rarely migrate long distances and seek areas near 
water to avoid desiccation and predators [16]. The habitat 
of post-breeding salamanders was positively associated 
with slash cover and negatively associated with grass, tree 
basal area, and humidity, and salamander habitats had 
leaves that were deeper and more humid [28]. Despite the 
similarity of the microhabitats chosen by these animals, 
there are differences. It is possible that other animals 
choose these habitats for feeding and living, whereas 
brown frogs select habitats for dormancy. In this study, in 
the early stage of post-reproductive dormancy, the aver-
age temperature over a 20-d period was lower than 10 °C 
(Fig. S3), while R. dybowskii chose a cool and hidden 
microhabitat for dormancy instead of an exposed habitat 
with a faster temperature rise [11, 29]. These places are 
not exposed to sunlight, the temperature is lower than 
that of unobstructed places, the temperature fluctuations 
are relatively small, and the humidity is greater.

Many species, including R. dybowskii, require both 
aquatic and terrestrial habitats, yet there is insufficient 
information on patterns of fine selection in these habi-
tats [30]. Moisture is a necessary requirement for nearly 
all amphibians [26, 31], which select dormant habitats 
based on both humidity and temperature, especially 
humidity [22]. In the present study, after spawning, R. 
dybowskii was mostly dormant in terrestrial habitats 
near the spawning pools. Most R. dybowskii hibernate 
in water; young R. dybowskii that have not reproduced 
still hibernate in water [32]; however, in this study, 
R. dybowskii rarely chose to hibernate in water after 
breeding in water. In spring, variable water tempera-
tures do not provide a cool resting environment for R. 
dybowskii [33], and R. dybowskii continuously enters 
and departs the water, which may not be conducive to 
dormancy. Away from water, amphibians are at risk of 
desiccation, and the nearby spawning pond provides 
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many suitable humidity gradients, which may provide 
a suitable humidity environment after breeding; thus, 
sites that they choose to occupy are likely to contain 
elements that reduce this risk [34].

The effect of temperature (shade) on frog behaviour
Temperature impacts animals, especially ectotherms, 
in all areas of their existence and survival [9]. Latitude, 
altitude, weather, and habitat composition affect organ-
ism temperatures [22, 35]. Our research has shown that 
there is no difference in the survival rate of frogs under 
different shade and time conditions. Some studies have 
shown that shade affects amphibian populations, and 
it may be that shade affects amphibians differently at 
different developmental levels. Captive-bred and rein-
troduced dusky gopher frogs prefer open canopies 
and rich ground plants and have a high survival rate 
[2]. Comparing the reactions of six species of tropical 
amphibian tadpoles inhabiting thermally opposed open 
and shade habitats revealed that open habitat species 
frequently adapt more rapidly than shade habitat spe-
cies [9]. Tree removal from historically open-canopy 
ponds promotes the recovery of open-habitat species 
[6]. In contrast, shade can impact the growth rate of 
gopher frogs, prolong the larval phase, lower survival 
rates, and diminish the quality of metamorphosis [36]. 
The amount of heat-related mortality at some propaga-
tion locations can be decreased by increasing the can-
opy cover [6]. There are differing views on the effects 
of shade on amphibian behaviour and populations, 
especially as climate change is causing an accelerated 
increase in average temperatures and extreme heat 
events [9].

During dormancy (between 25 April and 10 May), 
there was no significant effect of shading on the activity. 
Shade has no discernible impact on R. dybowskii activity 
at this time since it has previously entered dormancy to 
find a suitable inactive spot and goes dormant [22]. Rana 
dybowskii may be mainly affected by temperature (they 
hibernate mainly in shelters); low temperature inhibits 
frog activity [25]. Our studies have shown that frogs have 
different activity frequencies under different shade and 
time conditions, with a particularly pronounced perfor-
mance after 4 May. Captive-bred and reintroduced dusky 
gopher frogs prefer open canopies and rich ground plants 
[2]. Terrestrial ectotherms adjust their body tempera-
tures behaviourally to maintain ideal body temperatures 
by varying their daily or seasonal use of shady or sunny 
microhabitats [37, 38]. To maintain optimal body tem-
peratures, R. dybowskii behaviourally regulates body tem-
perature by altering the daily or seasonal use of shaded or 
sunny microhabitats [37, 39]

Refuges and burrow
Amphibians use refuges or shelters for a variety of rea-
sons, including ambush feeding, buffering, reducing 
osmoregulatory and thermal stresses, and predator 
avoidance [40]. Often to lessen the threat of predation 
or to improve adaptability and access to resources, ani-
mals must consider the physical characteristics of the 
shelter (such as size and construction materials), as well 
as the surrounding environmental conditions (vegeta-
tion, entrance orientation, and distance to resources) [5]. 
In the present study, the role of refuges may be different 
during dormant and active periods.

Almost all R. dybowskii in our study used shelters 
(rocks and loose soil holes) during the dormant period; 
some frogs even dug holes to make shelters during dor-
mancy (Fig.  4). The typical harsh spring conditions of 
rain, wind and cold do not provide favourable condi-
tions for R. dybowskii to end their dormancy (Green et al. 
2016). Thus, the fate of R. dybowskii exposed to harsh 
springtime conditions will depend on whether they can 
find locally abundant refuges that buffer against life-
threatening conditions [11, 12]. Although we have not 
examined the microclimate within the shelter, previous 
research indicates that tree hollows create a more stable 
microclimate than their surroundings, sustaining lower 
temperatures and greater humidity during the day and 
higher temperatures and lower humidity at night [41]. 
Previous research has demonstrated that common frog 
microhabitats (e.g., soil, tree holes) can reduce exposure 
to temperature extremes by 14–31 times, hence reducing 
population vulnerability by a factor of 108 and potentially 
reducing death during extreme weather events [11]. By 
providing a proper microclimate, refuges or shelters may 
have thermoregulatory and osmoregulatory effects; they 
may also minimize physiological stress in terrestrial anu-
rans induced by heat, cold, and drought [42–44]. During 
the early stages of dormancy, the shelter may also func-
tion as concealment in areas where R. dybowskii repose, 
allowing them to evade predators and providing a safe 
environment for the frogs during dormancy [40].

In this study, the majority of frogs found refuge or shel-
ter at the experimental site. Frogs in soil shelters were 
more active than those in stone shelters, but there was 
no difference in their survival rates. Previous research 
has demonstrated that individuals without shelter spend 
more time digging and that all frogs spend a considerable 
amount of time beneath shelter [40]. Significant impacts 
of shelter (plant provision) on captive red-eyed tree frog 
body size and growth rates suggest a fitness benefit [18]. 
Frogs hiding in underground shelters had a 22% higher 
survival rate than frogs not hiding underground com-
pared to frogs released into burrows; frogs released 
at ponds had a 33% lower survival rate, spent less time 
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underground, and moved farther and more often in 
search of shelter [2]. Several studies have found increased 
movement of amphibians on ground shelters without lit-
ter or on bare ground [45]. The soil shelters in this study 
were more likely to be damaged with wind and rain than 
the stone shelters, and the frog’s cover was damaged and 
the frequency of activity increased. Our results are con-
sistent with these studies, suggesting that bare ground 
and limited shelter availability may be important drivers 
of increased movement and decreased settlement in poor 
habitats, possibly in response to higher predation and 
desiccation risks [4].

The two strategies used by frogs to dig burrows to avoid 
desiccation appear to be different, and the type of soil has 
an effect on both strategies [8, 46]. In sandy or crumbly 
soils, anurans can easily burrow, and when the earth is 
dry, these frogs tunnel even deeper to remain below the 
dry front [46]. To prevent dehydration, frogs prefer to 
stay in moist soil, and several species can often dive to a 
depth of 90 cm [8]. Anurans that inhabit dense, clay-rich 
soils use a different technique. Anurans tunnel 10–30 cm 
below the soil’s surface in this soil [47]. As the earth 
around them dries, the frogs construct a cocoon from 
exfoliated skin and mucus [46]. In this study, the soil cut-
off was deeper than the rock-medium cave. It may be 
that loose soil is easier to burrow into. Amphibians may 
rehydrate by absorbing water from the soil around them; 
therefore, it was thought that when burrowing anurans 
were exposed to dry conditions, they would dig deeper 
into the shelter to find moisture and rehydrate [8, 46]. 
However, irregularly wet rocks tend to aid in water con-
servation, resulting in shallower borrows.

Conservation implications
There are currently few meaningful management actions 
that will have a tangible effect on amphibians’ vulnerabil-
ity to climate change [6]. Numerous potentially beneficial 
but untested actions could be implemented into local or 
regional amphibian management plans, programs, and 
activities [6]. Examples include retaining or supplement-
ing artificial and natural shelters to mitigate desiccation 
and thermal stress and adjusting the shade fabric cover-
ing habitats to maintain an ambient temperature [6]. The 
complexity of the environment, specifically shelter or the 
provision of cover, may be a crucial factor to consider 
when constructing enclosures for captive amphibian 
rearing [18]. Captive red-eyed tree frogs exhibit a satis-
factory growth rate under covered conditions, indicating 
that providing shelters is preferable for this type of frog 
[18, 48]. For Xenopus, shelter cover appears to confer 
behavioural benefits but has no impact on the growth 
or body conditions of this type of frog, whereas for 

nonmodel taxa, shelter cover might exert positive effects 
on growth as well as behaviour [18, 40].

In this study, stones were used as a shelter during the 
dormant period for R. dybowskii in terrestrial habitats. It 
is necessary to consider a type of shelter conducive to a 
particular frog’s dormancy. Previous research suggested 
that PVC pipes and cover boards could provide suitable 
shelter for some amphibians [6, 13]. The temperature 
change in PVC pipes is usually larger than that under 
natural shelters [6]. We recommend the use of a thin 
cystosepiment as a shelter or refuge, as cystosepiment 
has many advantages, such as it does not press down on 
R. dybowskii, does not irritate their skin, is easy to clean 
and disinfect, and is slow to conduct heat in direct sun-
light. However, in the dormant state, many R. dybowskii 
individuals are crowded together, pressing against each 
other; if some individuals move, the remainder may be 
easily disturbed [49]. Therefore, more research is needed 
to better understand frog microhabitat needs and to eval-
uate different shelter designs [6].

Conclusions
The results showed that R. dybowskii lives individually 
under leaves, soil, stones or tree roots. Furthermore, 
although the dormant sites of frogs were significantly dif-
ferent, the occurrence distributions of male and female 
frogs at these sites were similar. Shading and shelter 
significantly affected the exposed body percentage, bur-
row depth and body-soil contact percentage of frogs 
compared with soil. Frog activity frequency was affected 
by shelter and shade, and there are interaction effects 
between shelter + shade and time. Shelter and shading 
differences did not significantly affect frog survival; how-
ever, the death rate during post-reproductive dormancy 
was lower than that during the active period. These find-
ings advance our understanding of amphibian behaviour 
ecology by demonstrating how the interaction of external 
factors and individual behaviour results in observed pat-
terns of movement and habitat use.
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