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ABSTRACT

Habitat quality and availability are crucial for the survival and reproduction of animal

species. Intraspecific and seasonal differences in habitat selection reflect adaptations to

changing biological requirements and environmental factors. To investigate the effects

of season (breeding and non-breeding) and sex on microhabitat selection in snakes,

here we employed field surveys to analyze microhabitat selection data for Stejneger’s

bamboo pitviper (Viridovipera stejnegeri) across different sexes and seasons. Results

indicated that although no significant difference was observed between groups, marked

differences in certain microhabitat factors were noted. Specifically: (1) Non-breeding

season females (NBF) displayed distinct differences in altitude, slope position, distance

from roads compared to other groups. (2) Temperature exerted a lesser effect on non-

breeding season individuals compared to breeding season individuals. Additionally,

distance from roads only significantly impacted breeding seasonmales, not females. (3)

Regarding sexual differences, males and females differed in slope position and distance

from residential sites, reflecting their distinct ecological requirements. Regarding

seasons, differences in habitat selection between breeding and non-breeding seasons

were primarily related to temperature, indicating behavioral changes linked to seasons.

(4) Non-breeding season females exhibited the narrowest microhabitat niche width

and the least microhabitat niche overlap with other groups, potentially due to their

pronounced foraging requirements, which compel them to explore limited habitats

with higher human disturbance but richer food sources. This study contributes novel

insights into the habitat selection behaviors of snakes.

Subjects Animal Behavior, Ecology, Zoology

Keywords Microhabitat selection, Ecology, Snakes, Pitviper

INTRODUCTION

Habitat selection is the process through which animals actively choose geographical spaces

that best meet their needs for predator avoidance, reproduction, and survival. Animal

habitat selection is not only influenced by evolutionary and behavioral factors but also
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by changes in habitat quality and availability, crucial determinants of animal population

survival (Ortega & Pérez-Mellado, 2016; Zhang, 2020; Zhang et al., 2023). Studying the

variations in habitat selection and its influencing factors contributes to our understanding

of the life histories and behavioral patterns of species (Shenbrot, 2014).

Intraspecific differences in habitat selection are common (Zhao et al., 2023), often arising

due to the diverse requirements of different wild populations (Ficetola, Pennati & Manenti,

2013). For example, adult and juvenile European cave salamanders (Hydromantes strinatii)

exhibit varied habitat preferences due to differences in risk-taking strategies (foraging and

predator avoidance trade-offs; Ficetola, Pennati & Manenti, 2013). Another potential driver

is intraspecific competition for resources such as food, water, and shelter, as observed in

the sand lizard (Lacerta agilis bosnica; Popova et al., 2020) and Chinese giant salamander

(Andrias davidianus; Zhao et al., 2023). Seasonal variations in habitat selection are also

evident across multiple animal taxa, with animals adapting their habitat use in response to

periodic changes in environmental factors (Rozen-Rechels et al., 2019). Therefore, habitat

selection patterns fluctuate with seasonal shifts in habitat quality and availability, as well

as with changes in biological behaviors and requirements (Michel et al., 2018; Bista et al.,

2022), as evidenced by various species, including the lesser prairie-chicken (Tympanuchus

pallidicinctus; Lawrence et al., 2022).

Seasonal (seasons of the year) and sexual differences in habitat selection have been

confirmed in certain species of snakes. For example, the bullsnake (Pituophis catenifer

sayi) selects different burrow habitats in response to seasonal changes in temperature

and humidity (Johnson, 2021). Similarly, the canebrake rattlesnake (Crotalus horridus)

exhibits season-based changes in habitat selection, linked to foraging, reproduction, and

hibernation activities (Waldron, Lanham & Bennett, 2006). Studies on seasonal (breeding

and non-breeding) differences in microhabitat selection are relatively scarce. At present,

however, nocturnal arboreal snakes have been less studied due to their elusive nature and

challenging habitats, which complicates data collection (Fraga et al., 2013). As such, further

research is required to verify seasonal (breeding and non-breeding) and sexual differences

in habitat selection among nocturnal arboreal snake species.

Existing methods for surveying snake habitat selection typically include: fixed-distance

transect or quadrat methods (Mazerolle et al., 2007), comparisons between presence points

and pseudo-absence points (Johnson et al., 2006), and radio tracking is used to obtain

presence data, which is then compared to unrecorded pseudo-absence data (Whitaker &

Shine, 2003). Furthermore, recent studies have frequently employed repeated sampling of

the same transects and individuals, as well as habitat sampling at multiple locations near

individuals (Zhang et al., 2020). However, due to the cryptic nature of snakes, detecting

individuals is often the most challenging issue. Additionally, the limited density of snakes

results in insufficient data for statistical analysis, making repeated sampling one of the

primary reasons for data deviation. Subjectivity in sampling is also a significant factor

contributing to data discrepancies. Various analytical methods for habitat selection have

emerged, such as calculating habitat selection using Vanderploeg (Wi) and Scavia (Ei)

selection indices, or predicting habitat use through logistic regression, resource selection

function, random forest model, and generalized linear mixed model (Zhang et al., 2020).
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Furthermore, in order to mitigate the influence of volatile factors such as temperature and

humidity, a single visit occupancy model has been developed and applied (Sólymos & Lele,

2016).

The nocturnal arboreal Stejneger’s bamboo pitviper (Viridovipera stejnegeri, Squamata,

Viperidae) is widely distributed in southern China and Vietnam (Guo et al., 2022). This

species primarily resides in rocky cliffs and vegetated areas near mountain streams, creeks,

and other wet environments, subsisting mainly on frogs, but also consuming lizards and

small rodents (Creer et al., 2002). The reproductive mode of this species is ovoviviparity,

typically giving birth to 5–8 neonates inAugust, with the offspringmeasuring approximately

250mm in total length (Zhao, 2006). Previous research has indicated that the species showed

no significant differences in vegetation-based habitat selection between males and females

(Tu, Wang & Lin, 2000). Therefore, we hypothesize that there are no significant seasonal or

sexual differences in microhabitat selection of V. stejnegeri. This study aims to investigate

whether there are differences in microhabitat selection of V. stejnegeri among different

seasons and genders.

MATERIALS AND METHODS

Study area

Data were collected in Huangshan City, Anhui Province, eastern China (117◦23′–118◦55′E,

29◦24′–30◦24′N; Fig. 1), the study area covers 25 square kilometers. The region is

characterized by a subtropical monsoon climate with abundant heat and moisture. Annual

average temperature ranges from 15.5 to 16.4 ◦C, and average annual precipitation ranges

from 1,395 to 1,702 mm, predominantly falling from May to August (summer), with

reduced rainfall from September to November (autumn), although it does not reach an

extreme level of aridity (The People’s Government of Anhui Province, 2023). The vegetation

is primarily composed of subtropical evergreen broad-leaved forests, the understory is

primarily composed of perennial herbs (Poaceae and Urticaceae) and ferns, with minimal

variation in vegetation diversity between seasons.

Data acquisition and variable assignment of categories

Data were collected during two periods, June–July 2023 and September–October 2023,

from approximately 20:00 to 24:00. We extensively searched for V. stejnegeri in the survey

area, and manually collected snakes. Each located snake was injected with an independent

electronic tag (EM4305; wnLikes, Shenzhen, China), and its unique identification number,

latitude and longitude coordinates, and sex were recorded. Previous studies on the closely

related species Trimeresurus macrops, have revealed that this group typically exhibits a

relatively small hunting range and home range. Therefore, reference to T. macrops, at each

sampling location, a 4 × 4 m quadrat was established (Strine et al., 2018). Within these

quadrats, 13 habitat factors were measured, with detailed descriptions and measurement

methods provided in Appendix S1. A total of 92 snakes were collected (females = 34, males

= 58), all snakes were released after data collection. The data were obtained only at the

time of the first collection.
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Figure 1 Breeding and non-breeding season habitats of the study site (A and B), and general view of

a male (C) and female (D). The photos A and B were taken from adjacent locations within the same area

(200 m apart).

Full-size DOI: 10.7717/peerj.18970/fig-1

Sex identification was performed via cloacal probing by gently pressing the region

located five cm below the vent at the tail towards the anterior direction of the cloaca using

the thumb. The detection of an everted hemipenis was used to determine the sex of the

individual. Existing research indicated that V. stejnegeri typically given birth in August

(Huang, 1980; Huang et al., 2015). Therefore, data collected between June and July were

designated as breeding season data, while data from September to October were considered

non-breeding season data. During each survey period, ArcGIS v10.8 was used to randomly

generate 50 pseudo-absence points within the survey area, excluding unsuitable habitats

for V. stejnegeri such as highways, open water bodies, and cliffs, as well as points with

the presence of V. stejnegeri within a 50-meter radius (Mizsei et al., 2024). The remaining

points served as pseudo-absence points for measuring the aforementioned habitat factors

(Zhang, 2020). All animal procedures were carried out in accordance with and approved

by the Animal Care and Use Committee at Yibin University (animal protocol number:

YBU2020007). We also adhered to the ARROW (Animals in Research: Reporting On

Wildlife) guidelines.
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Data processing and analysis

The collected data were categorized into four groups based on season and sex: breeding

season males (BM), breeding season females (BF), non-breeding season males (NBM), and

non-breeding season females (NBF).

Before starting data analysis, we checked and removed all extreme outliers and used the

chain equation multivariate interpolation method to impute missing values. And all data

were logarithmically processed before analysis to improve normality. All data were tested

for normality and homogeneity of variance.

To analyze the habitat selection preferences of V. stejnegeri for each habitat factor, the

Vanderploeg (Wi) and Scavia (E i) selection indices were calculated (Vanderploeg & Scavia,

1979):

Wi = (
ri

pi
)/

∑

(

ri

pi

)

Ei = (Wi−
1

n
)/(Wi+

1

n
)

where ri denotes the number of quadrats selected by V. stejnegeri with characteristics i;

pi denotes the total number of quadrats in the environment with characteristics i; and n

refers to the level or category number of a particular habitat factor. Ei ranges from −1 to 1,

with Ei = 1 indicating strong preference, 0.1 < Ei < 1 indicating selection, −0.1 < Ei < 0.1

indicating random selection, −1 < Ei < −0.1 indicating avoidance, and Ei = −1 indicating

no selection.

To analyze the importance of habitat factors for each group, factor autocorrelation

analysis was performed to exclude highly correlated factors (see Appendix S3). Random

forest models were then constructed using the habitat data for each group as well as the

pseudo-absence points data. We used viper presence/pseudo-absence as the dependent

variable and employed the R package ‘‘randomForest’’ to construct random forest models,

employed the mean decrease Gini index to evaluate the importance of each factor (Zhang

et al., 2020).

Multiple linear models were used to analyze the interactive effects of season and sex

on various factors. For factors showing significant effects, post hoc multiple comparisons

(Least significant difference, LSD) were conducted among the four groups, while for factors

without significant effects, differential analyses were restricted to within either seasonal

or sexual groups. Prior to within-group analyses, tests for normality and homogeneity

of variance were conducted on continuous variables. Continuous variables that met the

assumptions of normality and homogeneity of variance were analyzed using one-way

analysis of variance (ANOVA), while those that did not meet these criteria were analyzed

using the Mann–Whitney U test. Discrete variables were examined using chi-square tests

to identify differences within groups. We also calculated the mean and standard deviation

within each group. Furthermore, partial dependence plots were employed to visually depict

the relationship between habitat factors and predicted probability of occurrence for each
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group, as determined from the random forest models (Hastie, Tibshirani & Friedman,

2005).

To analyze overall differences and associations in microhabitat selection among groups,

the microhabitat niche width Levins index (B) for each group was calculated using the spaa

package in R (R Development Core Team, 2018):

B=
1

∑R
j=1

(

Pj
)2

where Pj represents the proportion of individuals found at sampling point j and R denotes

the total number of sampling points (Simpson, 1949). Subsequently, microhabitat niche

overlap between groups was quantified using the Levins index (Oik):

Oik =

∑R
j=1PijPkj

∑R
j=1

(

Pij
)2

where Pij and Pkj represent the abundance of groups i and k at sampling point j, respectively,

and R is the total number of sampling points (Levins, 1968).

To calculate the significance of niche overlap, we randomly resampled data regardless

of group identity sort them to two group, calculate niche overlap and compare observed

value by a t -test.

Principal component analysis (PCA) was conducted to determine the eigenvalues of each

principal component (PC). PCA scatter plots were created using the PCs with the highest

eigenvalues as axes. The distribution of points within 95% confidence ellipses for different

groups on the scatter plot was analyzed to assess whether significant differences existed

among the groups. To further validate the results, permutational multivariate analysis of

variance (PERMANOVA) (ADONIS) was conducted using the vegan package in R, with

the degree of overlap among groups in the graphical representations assessed to determine

whether significant differences existed (R Development Core Team, 2018).

All analyses were conducted with a confidence level of 0.05. Data analysis was performed

using R v4.2.3, and graphs were plotted using R v4.2.3 and Origin 2022 (R Development

Core Team, 2018).

RESULTS

Microhabitat preferences and factor importance among groups

A total of 62 presence points were collected during the breeding season (males= 43, females

= 19) and 30 during the non-breeding season (males = 15, females = 15), all snakes are

adults (SVL: 57.04 ± 5.19 cm).

TheVanderploeg (Wi) and Scavia (Ei) selection indices revealed no significant differences

among the four groups in their preferences for factors such as temperature, humidity,

vegetation height, vegetation coverage, slope, distance fromwater, distance from residential

sites, landscape habitat, and vegetation type. However, compared to other the groups, NBF

displayed a preference for lower altitudes and slopes, and for locations furthest from roads.

Additionally, all groups showed either no preference or extremely weak preference for

‘‘aspect’’ factor, leading to its exclusion in subsequent analyses (Fig. 2).
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Figure 2 Microhabitat selection among four groups of V. stejnegeri. AT, altitude: 1. <200 m; 2. 200–

400 m; 3. >400 m; LH, landscape habitat: 1. Stream; 2. Forest; 3. Agricultural; VT, vegetation type: 1.

Grass; 2. Shrub; 3. Tree; T, temperature: 1. <20 ◦C; 2. 20–30 ◦C; 3. >30 ◦C; H, humidity: 1. <40%; 2.

40%–70%; 3. >70%; VC, vegetation coverage: 1. <20%; 2. 20%–70%; 3. >70%; VH, vegetation height:

1. 0–2 m; 2. 2–5 m; 3. >5 m; S, slope: 1. 0◦–15◦; 2. 15◦–40◦; 3. >40◦; SP, slope position: 1. Down-slope

position; 2. Mid-slope position; 3. Up-slope position; DRO, distance from roads: 1. 0–10 m; 2. 10–30 m;

3. >30 m; DW, distance from water: 1. <5 m; 2. 5–20 m; 3. >20 m; DRE, distance from residential sites:

1. <100 m; 2. 100–500 m; 3. >500 m; AS, aspect: 1. Sunny slope (135◦ half-shaded and half-sunny slope

(45◦–135◦, 225◦–315◦). Ei is the Scavia selection index. Ei = 1 indicating strong preference, 0.1 < Ei < 1

indicating selection, −0.1 < Ei < 0.1 indicating random selection, −1 < Ei < −0.1 indicating avoidance,

and Ei = −1 indicating no selection. The dashed lines represent marker lines at 0.1 and −0.1.

Full-size DOI: 10.7717/peerj.18970/fig-2

The mean decrease Gini index identified the key factors influencing habitat selection.

For the BM group, important factors included humidity, temperature, distance fromwater,

and distance from roads. The BF group was influenced by humidity, temperature, and

distance from water, while the NBM and NBF groups were influenced by humidity and

distance from water (Fig. 3).

Seasonal (breeding and non-breeding) and sexual differences

Multiple linear model analyses revealed that, apart from altitude, there were no significant

interactions between sex and season for other factors (Appendix S2).
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Figure 3 Factor importance in microhabitat selection by V. stejnegeri.

Full-size DOI: 10.7717/peerj.18970/fig-3

Mann–Whitney U and chi-square tests demonstrated significant differences between

males and females only in distance from residential sites (M vs F: 414.98 ± 170.96 vs

338.65 ± 148.48; P = 0.026) and slope position (F vsM: mid-slope position vs down-slope

position; P = 0.004; Table 1). Seasonal differences analyses only indicated a significant

difference in temperature preference (M vs F: 21.95 ± 0.81 vs 23.71 ± 0.84; P < 0.001;

Table 1), with no significant differences in preferences for other factors. Specific differences

among groups are illustrated in Fig. 4.

Multiple comparisons analysis revealed that the altitudes selected by NBF differed

significantly from those selected byNBM (P < 0.001), BM (P = 0.001), and BF (P = 0.009).

However, there were no significant differences in altitude selection among NBM, BM,

and BF. Partial dependence plots indicated that NBF selected lower altitudes than the

other groups, with a narrower range of altitude preferences (NBF: 190.73 ± 19.06, BM:

212.09 ± 15.91, NBM: 211.42 ± 17.63, BF: 208.40 ± 22.77, Fig. 4A).

Overall differences in microhabitat selection among different groups

Microhabitat niche analysis indicated that the microhabitat niche widths varied among the

different groups, with NBM exhibiting the largest (2.935) and NBF the smallest (1.895).

As shown in Table 2, the greatest microhabitat niche overlap was found between NBM

and BF (98.63%), while the smallest overlap was found between NBF and BM (53.86%).

The results of the paired sample t -test between randomly resampling and observed values

show that the niche overlap index of the observed values is slightly lower than that of

randomly resampling (79.74 ± 18.60 vs 85.61 ± 14.89), but the difference is not significant
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Table 1 Seasonal and sexual differences in microhabitat selection.

Variable Sex (M= 58, F= 3 4) Season (B= 62, NB= 30)

Mann–Whitney U test Chi-square test Mann–Whitney U test Chi-square test

P Z P χ2 P Z P χ2

Temperature 0.094 −1.676 <0.001 −6.726

Humidity 0.610 0.510 0.088 −1.704

Vegetation height 0.864 0.171 0.725 0.352

Vegetation coverage 0.906 0.119 0.065 −1.845

Slope 0.184 1.329 0.465 0.730

Distance from roads 0.164 −1.390 0.079 −1.754

Distance from water 0.053 1.932 0.134 −1.499

Distance from residential sites 0.026 2.233 0.917 0.104

Landscape habitat 0.672 1.055 0.549 1.453

Vegetation type 0.943 0.117 0.603 1.013

Slope position 0.004 8.289 0.747 0.104

Notes.

M, males; F, females; B, breeding season; NB, non-breeding season.

(t = 0.533, P = 0.617). This indicates that niche differentiation among the groups is not

pronounced.

The PCA plot indicated no significant differences among the four groups (Fig. 5),

supported by ADONIS analysis (Fig. 6).

DISCUSSION

Sexual and seasonal (breeding and non-breeding) differences in habitat selection have

been extensively documented across various animal taxa (Ficetola, Pennati & Manenti,

2013; Popova et al., 2020; Zhao et al., 2023). Sexual differences are usually driven by varying

needs between the sexes or intense intersexual competition. Seasonal differences typically

relate to changes in the availability or quality of resources, as well as shifts in animal behavior

and requirements throughout the year. In this study, sexual and seasonal differences in

microhabitat selection in V. stejnegeri were explored. The findings showed that although

there were no pronounced overall differences among the groups, there were specific

differences in preferences for certain factors, thereby not supporting our hypothesis and

contradicting previous research (Tu, Wang & Lin, 2000). While the earlier study by Tu,

Wang & Lin (2000) examined sexual differences in vegetation utilization characteristics, it

did not explore other factors or seasonal differences. As such, our research provides a more

comprehensive analysis, contributing to a deeper understanding of the life activities of this

species.

Vanderploeg (Wi) and Scavia (Ei) selection indices revealed differences in preferences

for altitude, slope position, and distance from roads between NBF and the other groups,

possibly due to the stronger foraging needs of these individuals. Notably, females often

experience significant energy depletion after reproductive activities, prompting them

to select habitats with higher predation success rates (Harvey & Weatherhead, 2010). In
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Figure 4 Partial dependence plots of various habitat factors based on random forest model. Y-axes are

partial dependence (dependence of the probability of occurrence on one predictor variable after averag-

ing out effects of the other predictor variables in the model). Black represents breeding season males, pur-

ple represents breeding season females, orange represents non-breeding season males, and blue represents

non-breeding season females.

Full-size DOI: 10.7717/peerj.18970/fig-4

Table 2 Microhabitat niche overlap among groups of V. stejnegeri.

BF BM NBF NBM

BF / 97.51 84.75 98.63

BM 97.51 / 53.86 82.74

NBF 84.75 53.86 / 60.96

Observed

value

NBM 98.63 82.74 60.96 /

BF / 82.08 65.17 83.72

BM 82.08 / 78.20 96.48

NBF 65.17 78.20 / 108.00

Randomly

resample

NBM 83.72 96.48 108.00 /

the study area, the non-breeding season coincides with the dry season, during which

potential food sources for V. stejnegeri, such as frogs, tend to congregate in downstream

areas with sufficient water and significant human (agricultural) disturbances. Therefore,

NBF displayed a preference for downhill positions and lower altitudes, possibly taking
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Figure 5 PCA of microhabitat selection by four groups of V. stejnegeri.

Full-size DOI: 10.7717/peerj.18970/fig-5

risks to meet higher foraging requirements. This behavior is consistent with the results

obtained frommultiple comparison analyses and random forest model predictions (Fig. 4).

Similar risk-taking strategies driven by foraging demands have also been observed in other

species, such asHydromantes strinatii (Ficetola, Pennati & Manenti, 2013) andTrimeresurus

macrops (Strine et al., 2018), although these studies did not differentiate between various

groups within the species. The differentiation among groups in our study provides a basis

for further discussions on the varied impacts of human disturbances on different snake

groups.

Regarding factor importance, the influence of temperature on microhabitat selection for

non-breeding season individuals was relatively minor compared to that of breeding season

individuals (Fig. 3). This may stem from slightly higher nighttime average temperatures

during the non-breeding season compared to the breeding season in the study area

(23.71 ± 0.84 vs 21.95 ± 0.81). Therefore, it easier for snakes to find habitats with

suitable temperatures during the non-breeding season. Nocturnal snakes typically require

less precise thermoregulation and often adopt a passive thermoregulation strategy (Vitt,

Zani & Lima, 1997). In the non-breeding season, higher environmental temperatures

facilitate thermoregulation in V. stejnegeri, thereby reducing the impact of temperature on
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Figure 6 ADONIS analysis of microhabitat selection by four groups of V. stejnegeri. (A) represents

breeding season males, (B) represents breeding season females, C represents non-breeding season males,

and D represents non-breeding season females.

Full-size DOI: 10.7717/peerj.18970/fig-6

microhabitat selection compared to the breeding season. Additionally, proximity to roads,

typically associated with shelter due to roadside crevices serving as ideal hides for snakes

(Shew, Greene & Durbian, 2012), showed an unexpected pattern in our study. Notably,

shelters proved more crucial resource for males than females during the breeding season,

contrasting with trends observed in northern pine snakes (Pituophis m. melanoleucus;

Gerald, Bailey & Holmes, 2006) and northern Mexican gartersnakes (Thamnophis eques

megalops; Sprague & Bateman, 2018). One possible explanation is that, similar to eastern

brown snakes (Pseudonaja textilis;Whitaker & Shine, 2003), males exhibit strong territorial

behavior towards shelters during the breeding season. Alternatively, NBF may select trees

away from roads as shelters to minimize human disturbance, which is consistent with

the findings of Strine et al. (2018). Additionally, roads typically have higher nighttime
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temperatures, so the distance from roads may also be related to the competition among

males for thermal resources.

Minimal seasonal and sexual variation in microhabitat selection was detected in V.

stejnegeri, with only a few habitat factors showing differences. Significant sexual differences

were only found in slope position and distance from residential sites, likely due to different

reproductive needs of males and females. Males expanding their habitat range can increase

encounter rates with females and reduce intrasexual reproductive competition, thereby

enhancing mating opportunities (Shew, Greene & Durbian, 2012). In contrast, females

require stable and suitable habitats for reproductive activities, as reported in other species

such as Chinese giant salamanders (Zhao et al., 2023). Significant differences in temperature

preferences between the breeding season and non-breeding season were also detected for

V. stejnegeri, while other factors remained consistent, aligning with the findings from factor

importance analysis.

In terms of microhabitat niche analysis, NBF exhibited the narrowest microhabitat niche

width and lowest microhabitat niche overlap compared to the other groups. This pattern

is potentially due to the strong foraging demands of these females, leading them to forage

in limited habitats with higher human disturbance but richer food resources. Overall, the

PCA and ADONIS results showed no significant differences among the groups. However,

a notable limitation is that all females surveyed were either non-pregnant or in early

pregnancy (undeveloped eggs; Survey: June, Birthing: August), preventing a comparison of

microhabitat selection preferences between pregnant and non-pregnant females. Although

this limitation has been acknowledged in previous research (Shew, Greene & Durbian,

2012), many studies have documented significant differences in habitat selection between

pregnant and non-pregnant females (e.g., Blouin-demers & Weatherhead, 2001; Harvey &

Weatherhead, 2006; Crane & Greene, 2008). Some of our factors, such as temperature and

humidity, exhibit characteristics of continuous fluctuation; therefore, a singlemeasurement

may exert a certain influence on the results. In the future, we will employ new analytical

methods to optimize our outcomes, such as the single visit occupancy model (Sólymos &

Lele, 2016). Furthermore, despite our efforts to collect relevant microhabitat data, many

factors influencing microhabitat selection, such as the significant influence of canopy

height observed in T. macrops (Barnes, Strine & Suwanwaree, 2023), were not collected.

These unexplored factors could lead to noticeable differences among groups, potentially

resulting in ecological niche divergence. Therefore, more comprehensive data collection is

required in our future research.

CONCLUSIONS

This study investigated sexual and seasonal (breeding and non-breeding) differences

in microhabitat selection of V. stejnegeri. While no significant overall differences were

observed among groups, certain microhabitat factors did show variations. Specifically,

NBF differed from the other groups in terms of preference for altitude, slope position,

and distance from roads. Regarding factor importance, temperature had a lesser effect on

non-breeding season individuals compared to breeding season individuals. Furthermore,
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distance from roads significantly influenced BM but not BF. Regarding sexual differences,

males and females varied in preferences for slope position and distance from residential

sites, reflecting differing requirements between the sexes. Seasonally, the primary differences

in habitat selection between the breeding and non-breeding seasons were in temperature,

influenced by seasonal behavioral changes. Regarding microhabitat niches, NBF exhibited

the narrowest microhabitat niche width and lowest microhabitat niche overlap with the

other groups. We speculate that this is due to the strong foraging requirements of these

females, leading them to venture into limited habitats with higher human disturbances

but richer food sources. Overall, this study offers new insights into the habitat selection of

snakes, thus enhancing our understanding of their ecological preferences.

ACKNOWLEDGEMENTS

We would like to thank many people who helped with data collection and analyses,

including Ling Li, Youyuan Tan, Yang Liu, and Wenjun Luo.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

This study was supported by the National Natural Science Foundation of China

(NSFC31372152) and the High-level Talents ‘‘Sailing’’ Plan Project of Yibin University

(2021QH034). The funders had no role in study design, data collection and analysis,

decision to publish, or preparation of the manuscript.

Grant Disclosures

The following grant information was disclosed by the authors:

The National Natural Science Foundation of China: NSFC31372152.

The High-level Talents ‘‘Sailing’’ Plan Project of Yibin University: 2021QH034.

Competing Interests

The authors declare there are no competing interests.

Author Contributions

• Songwen Tan conceived and designed the experiments, performed the experiments,

analyzed the data, prepared figures and/or tables, and approved the final draft.

• Yayong Wu conceived and designed the experiments, authored or reviewed drafts of the

article, and approved the final draft.

• Jiajun Wang performed the experiments, prepared figures and/or tables, and approved

the final draft.

• Bing Lyu performed the experiments, prepared figures and/or tables, and approved the

final draft.

• Min Yu performed the experiments, prepared figures and/or tables, and approved the

final draft.

• He Zhang performed the experiments, prepared figures and/or tables, and approved the

final draft.

Tan et al. (2025), PeerJ, DOI 10.7717/peerj.18970 14/18

https://peerj.com
http://dx.doi.org/10.7717/peerj.18970


• Peng Guo conceived and designed the experiments, authored or reviewed drafts of the

article, and approved the final draft.

• Lei Shi conceived and designed the experiments, analyzed the data, authored or reviewed

drafts of the article, and approved the final draft.

Animal Ethics

The following information was supplied relating to ethical approvals (i.e., approving body

and any reference numbers):

The Animal Care and Use Committee at Yibin University approved the study

(YBU2020007).

Data Availability

The following information was supplied regarding data availability:

Raw data and code are available in the Supplemental Files.

Supplemental Information

Supplemental information for this article can be found online at http://dx.doi.org/10.7717/

peerj.18970#supplemental-information.

REFERENCES

Barnes C, Strine C, Suwanwaree P. 2023. Finding the green in differently disturbed

forests under different weather conditions: detection and occupancy of the

green pit viper Trimeresurus (Cryptelytrops)macrops at the Sakaerat Biosphere

Reserve, Thailand. Journal of Animal Behaviour and Biometeorology 11:e2023037

DOI 10.31893/jabb.23037.

Bista D, Baxter GS, Hudson NJ, Murray PJ. 2022. Seasonal resource selection of an

arboreal habitat specialist in a human-dominated landscape: a case study using red

panda. Current Zoology 69(1):1–11 DOI 10.1093/cz/zoac014.

Blouin-demers G,Weatherhead PJ. 2001.Habitat use by Black Rat Snakes (Elaphe

obsoleta obsoleta) in fragmented forests. Ecology 82:2882–2896 DOI 10.2307/2679968.

Crane AL, Greene BD. 2008. The effect of breeding condition on thermoregulation

in female Agkistrodon piscivorus near the northwestern range limit. Herpetologica

64(2):156–167 DOI 10.1655/07-021.1.

Creer S, ChouWH,Malhotra A, Thorpe RS. 2002. Offshore insular variation in the diet

of the Taiwanese bamboo viper Trimeresurus stejnegeri (Schmidt). Zoological Science

19(8):907–913 DOI 10.2108/zsj.19.907.

Ficetola GF, Pennati R, Manenti R. 2013. Spatial segregation among age classes in

cave salamanders: habitat selection or social interactions? Population Ecology

55(1):217–226 DOI 10.1007/s10144-012-0350-5.

Fraga RD, MagnussonWE, Abrahão CR, Sanaiotti T, Lima AP. 2013.Habitat selection

by Bothrops atrox (Serpentes: Viperidae) in Central Amazonia, Brazil. Copeia

2013(4):684–690 DOI 10.1643/CE-11-098.

Tan et al. (2025), PeerJ, DOI 10.7717/peerj.18970 15/18

https://peerj.com
http://dx.doi.org/10.7717/peerj.18970#supplemental-information
http://dx.doi.org/10.7717/peerj.18970#supplemental-information
http://dx.doi.org/10.7717/peerj.18970#supplemental-information
http://dx.doi.org/10.31893/jabb.23037
http://dx.doi.org/10.1093/cz/zoac014
http://dx.doi.org/10.2307/2679968
http://dx.doi.org/10.1655/07-021.1
http://dx.doi.org/10.2108/zsj.19.907
http://dx.doi.org/10.1007/s10144-012-0350-5
http://dx.doi.org/10.1643/CE-11-098
http://dx.doi.org/10.7717/peerj.18970


Gerald GW, Bailey MA, Holmes JN. 2006.Habitat utilization of Pituophis melanoleucus

melanoleucus (Northern Pinesnakes) on Arnold Air Force Base in middle tennessee.

Southeastern Naturalist 5(2):253–264

DOI 10.1656/1528-7092(2006)5[253:HUOPMM]2.0.CO;2.

Guo P, Liu Q,Wu YY, Zhu F, Zhong GH. 2022. Pitvipers of China. Beijing: Science Press,

212.

Harvey DS,Weatherhead PJ. 2006. A test of the hierarchical model of habitat selection

using eastern Massasauga Rattlesnakes (Sistrurus c. catenatus). Biological Conservation

130(2):206–216 DOI 10.1016/j.biocon.2005.12.015.

Harvey DS,Weatherhead PJ. 2010.Habitat selection as the mechanism for thermoreg-

ulation in a northern population of massasauga rattlesnakes (Sistrurus catenatus).

Ecoscience 17(4):411–419 DOI 10.2980/17-4-3363.

Hastie T, Tibshirani R, Friedman JH. 2005. The elements of statistical learning:

data mining, inference and prediction.Mathematical Intelligencer 27(2):83–85

DOI 10.1007/BF02985802.

HuangMH. 1980. The reproduction of Green Bamboo snake and Chinese Habu.

Zoological Research 1(2):275–276.

Huang YY, Huang F, Zhang Y, Yang DC, Huang S. 2015. Observation on repro-

ductive process of Viridovipera stejnegeri and reconfirming that the bilateral

red line is nonspecific character of male. Journal of Snake 27(04):345–346

DOI 10.3969/j.issn.1001-5639.2015.04.003.

Johnson CJ, Nielsen SE, Merrill EH, Mcdonald TL, Boyce MS. 2006. Resource

selection functions based on use–availability data: theoretical motivation and

evaluation methods. The Journal of Wildlife Management 70(2):347–357

DOI 10.2193/0022-541X(2006)70[347:RSFBOU]2.0.CO;2.

Johnson N. 2021. The influence of weather, time of season, and time of day on bullsnake

(Pituophis catenifer sayi) thermoregulation and habitat selection. Master’s Thesis.

University of Regina, Regina, SK, Canada DOI 10.13140/RG.2.2.35895.44963.

Lawrence AJ, Boggie MA, GouldWR, Carleton SA, Nichols CT. 2022. Differential

seasonal avoidance of anthropogenic features and woody vegetation by Lesser

Prairie-Chickens. Ornithological Applications 124(3):1–15

DOI 10.1093/ornithapp/duac022.

Levins R. 1968. Evolution in changing environments: some theoretical explorations.

Princeton: Princeton University Press DOI 10.1515/9780691209418.

Mazerolle MJ, Bailey LL, Kendall WL, Royle JA, Converse SJ, Nichols JD. 2007.Making

great leaps forward: accounting for detectability in herpetological field studies.

Journal of Herpetology 41(4):672–689 DOI 10.1670/07-061.1.

Michel ES, Jenks JA, Kaskie KD, Klaver RW, JensenWF. 2018.Weather and landscape

factors affect white-tailed deer neonate survival at ecologically important life stages

in the Northern Great Plains. PLOS ONE 13(4):e0195247

DOI 10.1371/journal.pone.0195247.

Mizsei E, Budai M, Rak G, Bancsik B, Radovics D, Szabolcs M, More A, Vadasz C,

Dudas G, Lengyel S. 2024.Microhabitat selection of meadow and steppe vipers

Tan et al. (2025), PeerJ, DOI 10.7717/peerj.18970 16/18

https://peerj.com
http://dx.doi.org/10.1656/1528-7092(2006)5[253:HUOPMM]2.0.CO;2
http://dx.doi.org/10.1016/j.biocon.2005.12.015
http://dx.doi.org/10.2980/17-4-3363
http://dx.doi.org/10.1007/BF02985802
http://dx.doi.org/10.3969/j.issn.1001-5639.2015.04.003
http://dx.doi.org/10.2193/0022-541X(2006)70[347:RSFBOU]2.0.CO;2
http://dx.doi.org/10.13140/RG.2.2.35895.44963
http://dx.doi.org/10.1093/ornithapp/duac022
http://dx.doi.org/10.1515/9780691209418
http://dx.doi.org/10.1670/07-061.1
http://dx.doi.org/10.1371/journal.pone.0195247
http://dx.doi.org/10.7717/peerj.18970


enlightened by digital photography and image processing to describe grassland

vegetation structure. Journal of Zoology 322(2):168–178 DOI 10.1111/jzo.13129.

Ortega Z, P’erez-Mellado V. 2016. Seasonal patterns of body temperature and

microhabitat selection in a lacertid lizard. Acta Oecologica 77:201–206

DOI 10.1016/j.actao.2016.08.006.

Popova S, Vacheva E, Zlatanova D, Tzankov N. 2020. Age and sex-related differences

determine microhabitat use in Lacerta agilis bosnica Schreiber, 1912 (Reptilia:

Lacertidae) in Western Bulgaria. Acta Zoologica Bulgarica 73(1):77–85.

RDevelopment Core Team. 2018. R: a language and environment for statistical

computing. Vienna: R Foundation for Statistical Computing. Available at https:

//www.r-project.org/.

Rozen-Rechels D, Dupoué A, Lourdais O, Chamaillé-Jammes S, Meylan S, Clobert

J, Galliard JL. 2019.When water interacts with temperature: ecological and

evolutionary implications of thermo-hydroregulation in terrestrial ectotherms.

Ecology and Evolution 9(17):10029–10043 DOI 10.1002/ece3.5440.

Shenbrot G. 2014. Population and community dynamics and habitat selection of rodents

in complex desert landscapes.Mammalia 78(1):1–18

DOI 10.1515/mammalia-2013-0066.

Shew JJ, Greene BD, Durbian FE. 2012. Spatial ecology and habitat use of the Western

Foxsnake (Pantherophis vulpinus) on squaw creek national wildlife refuge (Missouri).

Journal of Herpetology 46(4):539–548 DOI 10.2307/23327172.

Simpson EH. 1949.Measurement of diversity. Nature 163:688 DOI 10.1038/163688a0.

Sólymos P, Lele SR. 2016. Revisiting resource selection probability functions and

single-visit methods: clarification and extensions.Methods in Ecology and Evolution

7(2):196–205 DOI 10.1111/2041-210X.12432.

Sprague TA, Bateman HL. 2018. Influence of seasonality and gestation on habitat

selection by northern Mexican gartersnakes (Thamnophis eques megalops). PLOS

ONE 13(1):e0191829 DOI 10.1371/journal.pone.0191829.

Strine C, Silva I, Barnes CH, Marshall BM, Artchawakom T, Hill J, Suwanwaree

P. 2018. Spatial ecology of a small arboreal ambush predator, Trimeresurus

macrops Kramer, 1977, in Northeast Thailand. Amphibia-Reptilia 39(3):335–345

DOI 10.1163/15685381-17000207.

The People’s Government of Anhui Province. 2023. Physical geography. Available at

https://www.huangshan.gov.cn/zjhs/hssq/zrdl/?eqid=dbeb50350037680e0000000464844d90.

TuMC,Wang S, Lin YC. 2000. No divergence of habitat selection between male and

female arboreal snakes, Trimeresurus stejnegeri. Zoological Studies 39(2):91–98.

Vanderploeg HA, Scavia D. 1979. Two electivit indices for feeting with special reference

to zoplankton grazing. Journal of the Fisheries Research Board of Canada 36(4):362–365

DOI 10.1139/f79-055.

Vitt LJ, Zani PA, Lima ACM. 1997.Heliotherms in tropical rain forest: the ecology

of Kentropyx calcarata (Teiidae) andMabuya nigropunctata (Scincidae) in the

Curua-Una of Brazil. Journal of Tropical Ecology 13(2):199–220

DOI 10.1017/S0266467400010415.

Tan et al. (2025), PeerJ, DOI 10.7717/peerj.18970 17/18

https://peerj.com
http://dx.doi.org/10.1111/jzo.13129
http://dx.doi.org/10.1016/j.actao.2016.08.006
https://www.r-project.org/
https://www.r-project.org/
http://dx.doi.org/10.1002/ece3.5440
http://dx.doi.org/10.1515/mammalia-2013-0066
http://dx.doi.org/10.2307/23327172
http://dx.doi.org/10.1038/163688a0
http://dx.doi.org/10.1111/2041-210X.12432
http://dx.doi.org/10.1371/journal.pone.0191829
http://dx.doi.org/10.1163/15685381-17000207
https://www.huangshan.gov.cn/zjhs/hssq/zrdl/?eqid=dbeb50350037680e0000000464844d90
http://dx.doi.org/10.1139/f79-055
http://dx.doi.org/10.1017/S0266467400010415
http://dx.doi.org/10.7717/peerj.18970


Waldron JL, Lanham JD, Bennett SH. 2006. Using behaviorally-based seasons to

investigate canebrake rattlesnake (Crotalus horridus) movement patterns and habitat

selection. Herpetologica 62(4):389–398

DOI 10.1655/0018-0831(2006)62[389:UBSTIC]2.0.CO;2.

Whitaker PB, Shine R. 2003. A radiotelemetric study of movements and shelter-site

selection by free-ranging brownsnakes (Pseudonaja textilis, Elapidae). Herpetological

Monographs 17(1):130–144

DOI 10.1655/0733-1347(2003)017[0130:ARSOMA]2.0.CO;2.

Zhang B. 2020. Multi-level, multi-scale habitat selection of the critically endangered

Mangshan pit viper (Protobothrops mangshanensis), a species endemic to China.

Thesis. Central South University of Forestry and Technology, Changsha, Hunan,

China DOI 10.27662/d.cnki.gznlc.2021.000010.

Zhang B, Ding XY, Li SH, Li LH,Wen ZQ, Li YH, Chen J, Yang DD. 2023.Habitat

choice for narrowly distributed species: multiple spatial scales of habitat selection

for the Mangshan pit viper. Global Ecology and Conservation 45:e02512

DOI 10.1016/j.gecco.2023.e02512.

Zhang B,Wu BX, Yang DD, Tao XQ, ZhangM, Hu SS, Chen J, ZhengM. 2020.

Habitat association in the critically endangered Mangshan pit viper (Protobothrops

mangshanensis), a species endemic to China. PeerJ 8(6):e9439 DOI 10.7717/peerj.9439.

Zhao CL, Feng JY, Sun ZJ, ZhuW, Chang J, FanWB, Jiang JP, Yue BS, Zhao T. 2023.

Intraspecific variation in microhabitat selection in reintroduced Chinese giant

salamanders. Current Zoology 69(2):121–127 DOI 10.1093/cz/zoac028.

Zhao EM. 2006. The snakes of China. Hefei: Anhui Science & Technology Press, 143.

Tan et al. (2025), PeerJ, DOI 10.7717/peerj.18970 18/18

https://peerj.com
http://dx.doi.org/10.1655/0018-0831(2006)62[389:UBSTIC]2.0.CO;2
http://dx.doi.org/10.1655/0733-1347(2003)017[0130:ARSOMA]2.0.CO;2
http://dx.doi.org/10.27662/d.cnki.gznlc.2021.000010
http://dx.doi.org/10.1016/j.gecco.2023.e02512
http://dx.doi.org/10.7717/peerj.9439
http://dx.doi.org/10.1093/cz/zoac028
http://dx.doi.org/10.7717/peerj.18970

