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Similar speciesmay co-occur in sympatry because of the partitioning of habitat use

and resources at different spatial and temporal scales. Understanding coexistence

patterns of species may contribute to further uncovering the underlying

coexistence mechanisms, and ultimately benefit the conservation of threatened

species. In this study, camera trapping was used to investigate spatial and temporal

activity patterns of sympatric giant pandas (Ailuropoda melanoleuca) and Asiatic

black bears (Ursus thibetanus) in Changqing National Nature Reserve in Qinling

Mountains, China. Our study obtained 281 independent detections of giant pandas

and 185 of Asiatic black bears during 93,606 camera-trap days from April 2014 to

October 2017. We performed occupancy modeling and temporal overlap analyses

to examine the spatial-temporal relationships between pandas and bears, and

results showed that: (1) giant pandas had higher detection probabilities than Asiatic

black bears, while having lower occupancy probabilities; (2) Elevation positively

predicted giant panda and negatively predicted Asiatic black bear occupancy,

understory vegetation type negatively predicted giant panda occupancy, and

distance to nearest settlement positively predicted Asiatic black bear occupancy;

(3) giant pandas were more active in spring and winter, while Asiatic black bears

were more active in summer, and the two species had low spatial overlap with one

another throughout the year; (4) both giant pandas and Asiatic black bears showed

mainly diurnal activity patterns, and had high temporal overlap with one another in

spring and moderate temporal overlap with one another in autumn. Our results

provide detailed information of the spatial and temporal ecology of sympatric giant

pandas and Asiatic black bears in the Qinling Mountains of China, which could act

as a guide to construct conservation priorities as well as design efficient

management programs.
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1 Introduction

Understanding the drivers of coexistence between sympatric

wildlife is crucial to explaining species and functional diversity

(Noor et al., 2017; Pastore et al., 2021). Interspecific interactions

play an important role in community ecology, including by explaining

how communities are shaped, why some species are members of a

community and some are not, and which factors mediate predator

densities and predation patterns (Farris et al., 2016). In order to

reduce agonistic interactions within communities, species often

partition resources along three main niche dimensions (temporal,

spatial and resource) to promote coexistence, a process known as

niche differentiation (Carvalho and Cardoso, 2020). Knowledge about

niche differentiation can contribute to further understanding the

underlying coexistence mechanisms, and ultimately benefit the

conservation of ecological communities (Farris et al., 2020).

Large mammalian carnivores play an important role in terrestrial

landscapes, as their top-down effects can regulate prey populations

with consequences spreading across the entire food web (Steinmetz

et al., 2021). Nevertheless, most carnivores are neither large nor at the

apex of their ecological communities (Li et al., 2022). Bears (Family:

Ursidae) are the among the largest of the extant Carnivora comprising

only eight extant species in the world (Penteriani and Melletti, 2021).

Being opportunistic omnivores, bears appear to be more resistant to

environmental disturbances than other large Carnivora that depend

on a narrower meat diet, such that loss of bears from a given habitat

could be an early sign of significant environmental degradation or

heavy poaching (Liu et al., 2009). Bears have come under pressure

through encroachment of their habitat, poaching, climate change, and

illegal trade in their body parts (Garshelis and Steinmetz, 2020), so

much so that the International Union for Conservation of Nature

(IUCN) lists six bear species as Vulnerable (https://www.iucnredlist.

org/). With the widespread extirpation of apex predators in some

ecosystems, bears play an increasingly important role in mediating

predator-prey interactions and structuring ecosystems, though some

have relatively loose relationships with prey (Zager and Beecham,

2006). The reduction of apex predators can contribute to an increase

the abundance of bears in some areas, which can result in intensifying

predation pressure and intraguild competition (Ordiz et al., 2013).

However, research on the interspecific interactions among sympatric

bears has received comparatively little attention (Steinmetz et al.,

2013; Ji et al., 2022).

The giant panda (Ailuropoda melanoleuca) is an endemic species

to south-central China and is mainly distributed in six isolated

mountain ranges in Sichuan, Shaanxi, and Gansu provinces (State

Forestry and Grassland Administration, 2021). The past decades have

witnessed a remarkable increase in the biological and ecological

knowledge on the giant panda, making the panda an excellent

candidate for testing the much-touted conservation approach (Ran

et al., 2009). The Chinese government has implemented China’s

national conservation plan to strictly protect and improve habitat

for giant pandas. Many of the known key threats (e.g. poaching,

habitat destruction) for the species have been mitigated; populations

that have been low for many generations are now beginning to

increase (Wei et al., 2015). Giant pandas have occupied a global

biodiversity hotspot and have shared a distribution with multiple

large mammal species whose ranges are broader and populations are
Frontiers in Conservation Science 02
larger, such as wild boar (Sus scrofa), takin (Budorcas taxicolor), and

Asiatic black bears (Ursus thibetanus) (Wang et al., 2015; Li et al.,

2017). The success of giant panda conservation appears to have

benefited other sympatric large mammal species (e.g. takin, wild

boar), as their numbers and distribution ranges have increased

substantially, resulting in interspecific competition, especially in

places where top predators are virtually absent (Liu et al., 2020; Li

et al., 2022a; Li et al., 2022b). While the habitat requirements, diet,

evolution and behavior of giant pandas have been well studied during

the past decades (Wei et al., 2015), the interspecific interactions

between giant pandas and other large mammals remains unclear

(Wang et al., 2015; Diao et al., 2021).

Morphologically similar sympatric species are expected to have

higher niche overlap and competition under conditions of limited

resources (Deng et al., 2021). The Asiatic black bear greatly overlaps

the range of giant pandas in south-central China. The two species are

much alike, as both are solitary carnivores of similar body size, have

similar habitat requirements, climb trees and used tree cavities or rock

caves as dens, as well as consume bamboo and are mainly active in

daytime (Schaller et al., 1985). Different dietary characteristics

between giant pandas and Asiatic black bears may be a main factor

for coexistence of the two species. Although they belong to the order

Carnivora, giant pandas have evolved to specialize on bamboo for

99% of their diet, retaining only a simple digestive tract from their

carnivore ancestors (Zhao et al., 2013). While Asiatic black bears feed

on a wide range of foods and their diet is mainly composed of fruit

and green vegetation, they also feed on insects such as bees and ants,

and scavenge livestock and wild animals for meat (Koike et al., 2013;

Seryodkin, 2015). Unlike Asiatic black bears living in temperate zone,

giant pandas do not hibernate and are active throughout the year

(Zhang et al., 2015). Asiatic black bears are effective seed dispersers

among mammals, and are believed to alter giant panda habitat

selection through their foraging on young bamboo shoots (Gong

et al., 2006; Takahata et al., 2014). Aside from a difference in diet,

spatial avoidance and temporal partitioning may be two other

behavioural mechanisms facilitating coexistence between sympatric

giant pandas and Asiatic black bears (He et al., 2018). However,

research on coexistence patterns between these two niche dimensions

is scarce, largely because their secretive behavior, low densities,

solitary nature and dense forest habitats make them difficult to study.

Understanding mechanisms of coexistence among sympatric

wildlife is an important component for the conservation of

threatened species (Croose et al., 2019). In this study, we conducted

an intensive long-term camera trapping effort to survey the fine-scale

spatially and temporally-driven coexistence patterns between giant

pandas and Asiatic black bears in Changqing National Nature Reserve

in the Qinling Mountains, a region virtually free of top predators (e.g.,

Panthera pardus was recorded only once during our survey period).

Our primary objective was to (i) evaluate habitat variables that

explain spatial distribution patterns of the giant panda and Asiatic

black bear, (ii) describe daily, seasonal and annual activity patterns of

the two species, and (iii) quantify spatial and temporal overlap

between the two species. The results describe possible coexistence

mechanisms between giant pandas and Asiatic black bears,

which may contribute to the development of effective conservation

and management strategies for forest communities in this

mountainous region.
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2 Materials and methods

2.1 Study area

The Changqing National Nature Reserve (107°25′to 107°45′ E,
33°26′to 33°43′ N) is located on the southern slopes of the Qinling

mountains in Yangxian county, central China (Figure 1). The reserve

was established in 1994 and was further upgraded to a national park

in 2017, primarily for conservation of the giant panda and other

sympatric endangered species. The reserve covers an area of

approximately 299 km2, with an altitude range from 800 to 3,000

m. Mean annual temperature is 7°C and mean annual rainfall is

814 mm in the study area. Based on the local climate characteristics,

we divided the year into four seasons (spring: Mar-May; summer: Jun

to Aug; Autumn: Sep-Oct; winter: Dec to Feb) (Ren et al., 2002).

Vegetation varies with elevation. Deciduous broadleaf forest is mainly

found at lower elevations, mixed broadleaf-conifer forest is found at

mid-elevations, and coniferous forest interspersed with subalpine

shrubs and meadows is found at higher elevations (Ren et al.,

2002). Although there is a history of human disturbance in the

region, currently, the reserve is under strict protection, no residents

live within reserve, the habitats are nearly pristine, and the influence

of human activity is negligible. The diverse habitats support a large

number of wildlife. Of all mammal species present, 2 were evaluated

as Endangered by the IUCN RedList, 6 as Vulnerable and 4 as Near

Threatened (He et al., 2016; Li et al., 2020).The fourth national survey

from 2011 to 2014 estimated that there were approximately 345 wild

giant pandas residing in the Qinling mountains, and 57 wild giant

pandas inhabiting the Changqing National Nature Reserve (State

Forestry and Grassland Administration, 2021).
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2.2 Camera trapping

We deployed infrared-triggered cameras (Ltl-6210; Shenzhen

creation) to systematically survey mammals in the Changqing National

NatureReservecontinuously fromApril2014 toOctober2017, coveringall

four seasons. We created 4 km2 grids (total of 118 grid cells; Figure 1) as

potential sampling grids in the study area. Harsh terrain allowed us to

sample only 90 grids (76% of total grids). Each grid was divided into four

smaller cells (cell size 1 km2). For each grid, we placed one infrared camera

in one of the four 1 km2 cells for approximately 4 to 6 months, and then

consideredwhether to relocate to another 1km2 cellwithin the same4km2

grid according to the detection rate of mammals.

During any single survey period, we positioned the cameras more

than 300 m apart from the nearest neighboring camera to allow for

spatial independence. Cameras were placed on trees 50-80 cm above

ground level and in suitable habitat with mammal signs (e.g. feces and

footprints) or along trails with little human disturbance within grids,

based on field staff experience (Li et al., 2020). Cameras were operated

24 h/day and passive infrared sensors were set to moderate. When

triggered, cameras took two photos and a 15-sec video, with a delay of

a 2 min interval between consecutive events, and automatically

recorded information on date and time of each trigger event. SD

cards and batteries were replaced upon movement of cameras

between cells. No bait or lure was used to attract wildlife.
2.3 Data analysis

Photographs and videos were summarized by site, hour, and date

at each camera placement site. To ensure independence of
FIGURE 1

Locations of camera trap sites in 4 km2 grids and understory vegetation types in Changqing National Nature Reserve. Inset map shows the study area
location in central China.
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photographic capture events, we considered as an “independent

detection (n)” to be all photographs of the same species from the

same camera trap site recorded in ≤30 min, to limit pseudoreplication

bias, and only independent detections were considered for all analyses

(Blake et al., 2011). The number of effective camera trap days was

calculated from the time the camera was placed in operation to the

time the last photograph or video was taken (based on date and

time stamp).

Spatial distribution-Occupancy models make use of spatial-

temporal replicated data and combine the detections/non-detections of

target species to describe maximum likelihood estimation of occupancy

(y) and detection probability (P) (Moreno-Sosa et al., 2022). We

assumed that data from the same site were independent across years.

To increase the detection probability for each sampling period and

reduce zero inflation in the dataset, we considered whether the target

specieswasdetected (1) ornot (0) during each30-dayperiod, resulting in

6 samplingoccasions (0–30, 31–60, 61–90, 91–120, 121–150, >150 days).

Based on current knowledge of giant panda and Asiatic black bear

ecology (Hull et al., 2014; Swaisgood et al., 2016;Garshelis andSteinmetz,

2020; Penteriani andMelletti, 2021), we selected distance to nearest river

(Disriv), distance to nearest settlement (Disset), understory vegetation

type (Veg), elevation (Ele) and aspect (Asp) as variables in the occupancy

models for both species (as predictors of both occupancy and detection

probability). In addition, we used understory bamboo distribution

(Bamboo), elevation range and Asiatic black bears’ occupancy

probability (Bearoccu) as covariates in models for predicting giant

panda detection probability. Because Asiatic black bears hibernate in

winter, we used season as a covariate for this species only. We divided

year into two seasons: cold season (fromDecember to February) and rest

of year, ultimately includingunderstoryvegetation type, seasonandgiant

panda detected or not as covariates for the models predicting Asiatic

black bear detection probability. We obtained settlements and

understory vegetation type data from Changqing administration.

Elevation was derived from a Digital Elevation Model (DEM) with a

resolution of 30 m from the Resource and Environment Science Data

Center (https://www.resdc.cn/Default.aspx, accessed on 20 October

2021) and aspect data was derived from the elevation layer. All

covariates were first normalized to z scores before analysis.We fitted

108 single-species occupancy models with a logit link function tomodel

occupancy and detection as a function of all possible combinations of

covariates. The linear model structure for covariates in occupancy

models is presented as ~ Psi (.) ~ P (.). For each model set, we ranked

candidate models using Akaike’s information criterion (AIC), and only

considered the top ranked models (DAIC ≤ 2) as the most likely

determinant(s) of the species’ occupancy (Lesmeister et al., 2015).

Occupancy analyses were performed with the “unmarked” package in

R (R Development Core Team).

Spatial overlap analysis-We used seasonal presence/absence data

for giant pandas and Asiatic black bears obtained from photographs

within the 4 km2 grids to evaluate spatial overlap between giant pandas

and Asiatic black bears, Sørensen similarity index (Sij) was calculated

using the following formula (Sørensen, 1948; Torretta et al., 2015):

Sij =
2aij

2aij + bij + cij

Where aij represented the number of 4 km2 grids with the

presence of both giant panda and Asiatic black bear (in any
Frontiers in Conservation Science 04
photograph in the same season), and bij and cij were numbers of

grids with the presence of only one species. The index ranged from Sij
=0, no overlap, to Sij=1, total overlap.

Temporal analysis-We used relative activity indices (RAI) to

estimate annual activity patterns of giant pandas and Asiatic black

bears (Blake et al., 2014). Each camera’s independent detections were

summed for each month and then divided by the number of effective

camera trap days for each month, and multiplied by 1000 camera trap

days, RAI= (No. of independent detections/No. of effective camera

trap days) ∗ 1000 camera trap days.

We used pooled datasets to examine whether giant panda and

Asiatic black bear circadian activity patterns were diurnal, nocturnal

or crepuscular (i.e., active 1 h before sunrise and 1 h after sunset)

(Mella-Méndez et al., 2019). Since time of sunrise and sunset differs

according to seasonal changes, we standardized our observations by

transforming the clock-recorded time of each detection to the average

sunrise and sunset times. Average sunrise and sunset time were at

06:20 and 19:22 in spring, 05:55 and 19:50 in summer, in 06:54 and

18:23 in autumn and 07:42 and 18:07 in winter from April 2014 to

October 2017 in Yangxian county, respectively. We calculated

selection rations (wi) of used to available time periods for giant

pandas and Asiatic black bears with the following calculation

(Manly et al., 2002):

wi = oi=pi

Where wi was the selection ratio for period i; oi was the

proportion of detections in period i; and pi was the proportion of

length in period i relative to the length of all periods. wi >1 indicated

that the time period was selectively used; wi ≤1 indicated the time

period was avoided (Noor et al., 2017).

Temporal overlap-We measured activity patterns of giant pandas

and Asiatic black bears by estimating the coefficient of overlap (D),
which ranges from 0 (no overlap) to 1 (complete overlap) to measure

the extent of overlap between two kernel density estimates (Linkie and

Ridout, 2011). We used D4 to estimate small sample sizes (n >75), but

otherwise used D1 (Meredith and Ridout, 2021), and created 95%

confidence intervals of overlap by generating 10,000 simulations with

nonparametric estimator bootstraps. Temporal overlap analyses were

performed in program R using the “overlap” package (Meredith and

Ridout, 2021). Finally, we classified the activity overlap between giant

pandas and Asiatic black bears as follows: high overlap (D>0.75),
moderate overlap (0.5<D≤0.75) and low overlap (D≤0.5) (Monterroso

et al., 2014).
3 Results

3.1 General summary

A total of 620 camera sites were surveyed. Of these, 47 failed due

to camera malfunction, damage, or loss, resulting in 573 sites deemed

suitable for data analysis. We obtained 281 independent detections

(out of 363 total detections) of giant pandas and 185 (out of 232) of

Asiatic black bears, during 93,606 camera-trap days (surveying each

site an average of 162 ± 51 days) from April 2014 to October 2017.

Giant pandas were detected at 72 sites (independent detections

n=118) in spring, 13 sites (n=15) in summer, 27 sites (n=36) in
frontiersin.org
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autumn and 44 sites (n=112) in winter. Asiatic black bears were

detected at 31 sites (n=36) in spring, 63 sites (n=95) in summer, 36

sites (n=49) in autumn and only 5 sites (n=5) in early winter.
3.2 Occupancy models

The Asiatic black bear had a higher occupancy probability than the

giant panda based on our top model (DAIC ≤ 2; Table 1), with average

occupancy probability estimates of 0.484 (CI: 0.25-0.80) and 0.276

(CI:0.06-0.65), respectively. Occupancy of giant pandas was positively

predicted by elevation (b=0.632 ± 0.279; Figure 2; Table 2), and

negatively predicted by understory vegetation type (b=-0.313 ± 0.188).

Occupancy of Asiatic black bear was negatively predicted by elevation

(b=0.257 ± 0.309) and positively predicted by distance to nearest

settlement (b=0.215 ± 0.258). Spatial projection of both species’

occupancy probabilities in Changqing reserve are shown in Figure 3.

Average detection probabilities were P=0.210 for giant panda and

P=0.098 for Asiatic black bear. Detection probability for giant pandas

was positively predicted by understory bamboo (b=0.131 ± 0.104).

Season (b=0.674 ± 0.118) and understory vegetation type (b=0.128 ±
Frontiers in Conservation Science 05
0.128) positively predicted the detection probability of Asiatic black

bear (Table 2).

3.3 Spatial distribution and spatial overlap

The giant panda was detected at 49 (41.5%) of the 4 km2 grids in

Changqing reserve (spring: 36 grids; summer: 13 grids; autumn: 21

grids and winter: 28 grids). The Asiatic black bear was detected at 56

(47.4%) of 4 km2 grids (spring: 22 grids; summer: 40 grids; autumn:

25 grids and winter: 4 grids). The giant panda and Asiatic black bear

had low spatial overlap with each other throughout the year (Sørensen

similarity index (Sij) was 0.448 in spring, 0.302 in summer, 0.348 in

autumn, and 0.00 in winter).

3.4 Annual activity patterns

The mean survey effort was 7,832 ± 1,212 camera-days per month.

Maximum effort was 9,111 camera-days in May, and minimum effort

was 6,099 camera-days in February. Based on relative activity indices,

activity levels of giant pandas in spring and winter were higher than in

summerandautumn(Figure 4).Giant pandashad lowactivity fromJune
TABLE 1 Summary of model selection results for giant panda and Asiatic black bear occupancy in Changqing National Nature Reserve in the Qinling
mountains, showing estimated occupancy rate and detection probability for the optimal models (DAIC ≤ 2).

Species Models Number of parameters AIC DAIC AIC Wt R2 y Pr

Giant panda

Psi (Ele+Veg); P (Bamboo) 5 1239.09 0.000 0.200 0.087 0.275 0.208

Psi (Ele+Disset); P (.) 4 1240.13 1.040 0.120 0.082 0.273 0.214

Psi (Ele+Veg); P (Bamboo+Bearoccu) 6 1240.31 1.220 0.110 0.089 0.276 0.212

Psi (Ele+Disset); P (Bamboo) 5 1240.60 1.520 0.094 0.085 0.280 0.203

Psi (Ele+Veg); P (Bamboo+Ele) 6 1240.81 1.720 0.085 0.087 0.274 0.213

Model average 0.276 0.210

Asiatic black bear

Psi (Ele); P (Veg+Season) 5 1093.34 0.000 0.074 0.084 0.482 0.099

Psi (Disset); P (Veg+Season) 5 1093.35 0.003 0.074 0.084 0.482 0.099

Psi (Ele+Asp); P (Veg+Season) 6 1093.40 0.055 0.072 0.087 0.486 0.098

Psi (Asp+Disset); P (Veg+Season) 6 1093.75 0.407 0.060 0.087 0.484 0.100

Psi (Ele+Disset); P (Veg+Season) 6 1094.22 0.880 0.048 0.086 0.483 0.099

Psi (Ele+Veg); P (Season) 5 1094.30 0.953 0.046 0.082 0.500 0.093

Psi (Disset); P (Season) 4 1094.36 1.012 0.045 0.078 0.497 0.098

Psi (Disset+Disriv); P (Veg+Season) 6 1094.58 1.232 0.040 0.085 0.471 0.101

Psi (Ele+Disriv); P (Veg+Season) 6 1094.72 1.374 0.037 0.085 0.476 0.100

Psi (Ele); P (Season) 4 1094.77 1.425 0.036 0.077 0.481 0.097

Psi (Veg+Disset); P (Season) 5 1095.04 1.693 0.032 0.080 0.481 0.098

Psi (Disset+Asp); P (Season) 5 1095.09 1.743 0.031 0.080 0.481 0.098

Psi (Disset+Veg); P (Veg+Season) 6 1095.24 1.898 0.029 0.084 0.486 0.100

Psi (Ele+Asp); P (Season) 5 1094.28 1.938 0.028 0.080 0.483 0.097

Psi (Ele+Veg); P (Veg+Season) 6 1095.33 1.984 0.027 0.084 0.485 0.098

Model average 0.484 0.098
frontier
Ele, elevation; Veg, understory vegetation type; Disriv, distance to rivers; Disset, distance to settments; Asp, Aspect; Bamboo, understory bamboo distribution; Bearoccu, Asiatic black bears’ occupancy
probability.
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to October with a gradual increasing in January followed by a peak in

March and gradual decline until low levels were reached again in June.

In contrast, Asiatic black bears were more active in summer than

other seasons. The species showed low levels of activity in March with

a gradual increase from April to May followed by a peak in June and

gradual decline until the lowest level in early December. Asiatic black

bears hibernated during winter; we detected no activity from January

to February, and only detected five instances of activity in early

December, even with a large survey effort.

3.5 Daily activity patterns across seasons

Based on selection ratios, giant pandas were mainly active during

diurnal and crepuscular (wi>1) times in spring andwinter (Table 3),with

activity peaks at around 15:00-17:00 in spring and 14:00-16:00 in winter

(Figure 5), and with low levels of activity during nocturnal times (wi<1).

Giant pandas were more active during diurnal times (wi=1.35) than

during nocturnal (wi=0.89) and crepuscular times (wi=0.33) in autumn,
Frontiers in Conservation Science 06
with activity peaks at around 09:00-12:00 and low activity at around

03:00-05:00. Interestingly, thoughmost of the giant pandas weremainly

active in diurnal and crepuscular times, some pandas were still moving

during nocturnal times. Independent detections (n=15) of giant pandas

in summer were too few for the analysis of daily activity patterns.

Asiatic black bears mainly had diurnal (wi>1) activity patterns

across difference seasons, but there were difference in the timing of

the highest activity peak. Bears had one active peak around 15:00-

17:00 in spring and summer, and two active peaks in autumn, at about

07:00-08:00 and 16:00-17:00.
3.6 Temporal overlap

The giant panda and Asiatic black bear had high temporal overlap

in spring (overlap coefficient (D) = 0.78, CI:0.72-0.92) and moderate

temporal overlap in autumn (D) =0.70, CI: 0.57-0.85, Figure 5). We

did not analyze temporal overlap in summer or winter because
TABLE 2 Estimated parameter coefficients (b) for covariates influencing giant panda and Asiatic black bear occupancy and detection probability, based on
the optimal models (DAIC ≤ 2).

Species Model component Covariates Estimate (b) SE Z P

Giant panda

Occupancy

Intercept -1.079 0.152 7.121 0.001***

Ele 0.632 0.279 2.263 0.023*

Veg -0.313 0.188 1.664 0.096

Detection
Intercept -1.333 0.129 10.370 0.001***

Bamboo 0.131 0.104 1.258 0.208

Asiatic black bear

Occupancy

Intercept -0.064 0.277 0.231 0.817

Ele 0.257 0.309 0.833 0.405

Disset 0.215 0.258 0.832 0.405

Detection

Intercept -2.391 0.176 13.608 0.001***

Season 0.674 0.118 5.705 0.001***

Veg 0.128 0.128 1.001 0.317
front
The different superscript letters represent the significant, *** p< 0.001, * 0.01 < p< 0.05.
A B

FIGURE 2

Spatial projection of giant panda (A) and Asiatic black bear (B) occupancy probability and model structure in Changqing National Nature Reserve, based
on the optimal models (DAIC ≤ 2). Black points show the location of giant pandas and Asiatic black bears detected by camera traps, and their size
indicates the number of independent detections. Ele, elevation; Veg, understory vegetation type; Disset, distance to nearest settment.
iersin.org
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independent detections of giant pandas (in summer) and Asiatic

black bears (in winter) were too few for the analysis.

4 Discussion

Our intensive camera-trap survey elucidated spatial co-

occurrence and temporal activity patterns of sympatric giant

pandas and Asiatic black bears, information which is meaningful

for conservation of these threatened species. Camera trapping

provides analytical methods that enable researchers to quantify the

presence and distribution of cryptic and low density species, as

cameras can be unattended in the field for several months to collect

extensive time and space data on multiple species without disturbance

(Agha et al., 2018). Furthermore, camera trapping provides detailed

daily and seasonal activity patterns, yielding important insights into

potential interspecific interactions of sympatric species (Frey et al.,

2017; Murphy et al., 2018).

The occupancy model results from this study suggest that the

giant panda and Asiatic black bear had different habitat use patterns
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with respect to elevation. Seasonal migration patterns of the giant

panda correspond with bamboo growing seasons and temperature

shifts. In the Qinling mountains, giant pandas spend most of the year

(approximately November to April) at lower elevation (900-2000 m)

to forage Bashania fargesii and shift to higher elevation (2000-

2300 m) during the remainder of the year for the Fargesia

qinlingensis growing season (Pan, 2014). Giant pandas gradually

ascended to high-elevations ranges in summer and autumn as more

nutritious foraging becames available and there is less human

disturbance. In addition, the higher elevation brought fewer biting

insects and safer cub rearing locations, with 75% of births occuring in

August and September (Zhu et al., 2010). In contrast, we found that

seasonal migration patterns of Asiatic black bears went from high-

elevation in spring, low-elevation in summer and mid-elevation in

autumn, which is similar to findings from past work. After emerging

from winter dens in high-elevation ranges in more southerly ranges,

mothers and cubs-of-the-year remain in the vicinity of their place of

hibernation until late spring (Penteriani and Melletti, 2021), and

mainly feed on new growth of herbaceous plants and shrubs. The

bears gradually descended to low-elevation ranges in summer as more

nutritious foraging became available in deciduous broadleaf forest and

crops (mainly corn) in farmland. Then the bears return to mid-

elevation ranges in autumn in search of mast trees in mixed

broadleaf-conifer forest to accumulate energy for the coming winter

(Reid et al., 1991). Thus, the giant panda and Asiatic black bear

showed high spatial avoidance throughout the year, and seasonal

migration may be one important mechanism of coexistence.

Regarding activity patterns, we found that giant pandas exhibited

seasonality in activity patterns, with higher activity in winter and

spring and lower activity in summer and autumn, similar to previous

findings from raidio-collared pandas (Zhang et al., 2017). The fact

that giant pandas exhibit higher activity in winter and spring can be

attributed to foraging and reproduction strategy. Giant pandas need

to move longer distances in search of bamboo during winter when

resources are relatively poor, and allocate more energy toward

travelling and fighting for mating rights in spring (Nie et al., 2015).

During summer and autumn, pandas mainly feed on Fargesia
FIGURE 4

Relative activity indices (RAI) of giant pandas and Asiatic black bears
for each month in Changing National Nature Reserve.
FIGURE 3

The effect of covariates on giant panda (elevation range and understory vegetation type) and Asiatic black bear (elevation range and distance to nearest
settlement) occupancy probability predicted by the optimal models (DAIC ≤ 2) in the Changqing National Nature Reserve. The black curve was fitted with
polynomial regression; gray area indicated 95% confidence intervals.
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qinlingensis in the Qinling mountains, a bamboo that has relatively

higher nutritious value and is only distribution in high elevation,

causing movement and activity levels to be relatively low (Loucks

et al., 2003; Hull et al., 2015). Interestingly, Asiatic black bear showed

the opposite pattern to the giant panda; activity patterns were high in

late spring and summer, then gradually declined in autumn, similar

from results in Sichuan, China, where habitat, available forage and

mammal communities are similar (Reid et al., 1991). In fact, seasonal

activity patterns of bears are consistent with food availability and

mating activity; foods included succulent vegetation (shoots, forbs

and leaves) in spring, and insects and a variety of tree and shrub-

borne fruits in summer, as well as during the mating season

(approximately from May to August) when more travel is required

(Koike et al., 2010; Koike et al., 2013; Garshelis and Steinmetz, 2020).
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Asiatic black bears rely heavily on hard mast (e.g. Quercus, Castanea,

Corylus) in autumn, in part to attain sufficient fat reserves for winter

denning; thus bears spend most of their time feeding in hard mast trees

above, andbreakbranches andpile themup formingwhat appears tobe a

platform, causing movement and activity levels to be relatively low

underground (Kozakai et al., 2011; Kozakai et al., 2013; Kozakai et al.,

2017). According to optimal foraging theory, bears would be expected to

maximize their energy intake by spending more time and effort on

foraging during autumn. We speculate that the differences in annual

activity patterns between giant pandas andAsiatic black bearsmay result

in lower competition between the two species.

Daily temporal partitioning can reduce competition and thus

facilitate species coexistence in cases where species segregate between

diurnal, crepuscular, and nocturnal domains (Marinho et al., 2020).
FIGURE 5

Density estimates of daily activity patterns and temporal overlap (Δ) of giant panda and Asiatic black bears across the four seasons in in Changing
National Nature Reserve, China. The y-axis is the “density ofactivity”. The overlap area is denoted in grey.
TABLE 3 The number of independent detections n (selection ratio: wi) of diurnal, nocturnal, and crepuscular time periods for giant pandas and Asiatic
black bears in the Changqing National Nature Reserve, China from April 2014 to October 2017.

Species Season
n (wi) in time period

diurnal nocturnal crepuscular

Giant panda

spring 67(1.24) 28(0.64) 23(1.17)

summer 10(1.34) 2(0.40) 3(1.20)

autumn 20(1.35) 14(0.89) 2(0.33)

winter 53(1.35) 40(0.74) 19(1.02)

Asiatic black bear

spring 27(1.63) 5(0.37) 4(0.67)

summer 83(1.76) 3(0.09) 9(0.57)

autumn 38(1.96) 3(0.14) 8(0.8)

winter – – –
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Based on our results, giant panda andAsiatic black bear exhibited a high

(D=0.78) degree of temporal overlap in their daily activity patterns in

spring and moderate (D=0.70) overlap in autumn, suggesting that daily

differentiation in activity patterns was not a major factor contributing to

their coexistence in the Qinling mountains. Giant pandas exhibited a

unimodal daily activity pattern during winter and spring, with peaks

around 14:00-17:00, which may reflect a strategy of energy conservation

(Zhang et al., 2015). Peak activity of pandas occurred in the afternoon, a

period in which they consume a large amount of bamboo, so that they

havemore time to rest during the cold night, and there may be less need

for a second foraging bout to meet their energy needs (Pan, 2014).

Because pandas have a low digestive efficiency, peaks in digestion

behavior often occurred adjacent to peaks in foraging at night, and

digestion was often accompanied with resting (Zhang et al., 2017).

Pandas may lay in a rock cave or old-growth tree cavity, overall

reducing their movement and energy expenditure during these periods

(Zhang et al., 2011).

Our study is the first to use camera traps to elucidate daily activity

patterns of the Asiatic black bear in the Qinling mountains. Bears

were generally active in the diurnal period and far less active in the

crepuscular and nocturnal time, similar to previous studies of this

species in other study areas (Hwang and Garshelis, 2007). Asiatic

black bears showed unimodal daily activity patterns in the afternoon

during spring and summer, similar to pandas, which could also be a

strategy of energy conservation. However, Asiatic black bears

maintained bimodal daily activity patterns in autumn with peaks

around 07:00-09:00 and 15:00-17:00. Although we cannot infer

causality from our results, we speculate autumn may be a critical

part of the yearly cycle when bears accumulate fat reserves before

hibernation, thus, time budgets maybe vary during this season

according to the availability of food.

Despite the fact that the range of the giant panda overlaps extensively

with Asiatic black bear in the Qinling mountains, their relatively

exclusive use of some resources may reflect niche partitioning and

dietary differences that gave promoted the coexistence of pandas and

Asiatic black bears on a finer scale. Our results suggest that occupancy of

Asiatic black bears did not have a negative effect on the detection of giant

pandas, and these two species did not show significant negative or

positive co-occurrences. This suggests that there were unlikely to be

strong interactions between the two species in the Qinling mountains,

largely because of their low densities in the study area (State Forestry and

Grassland Administration, 2021). The co-occurrence pattern may be

unsurprising given that the two species are not closely related within

Ursidae and exhibitmorphological similarities thatmay largely be due to

convergence (Vy et al., 2017).

Previous studies have documented that wildlife were rarely found

below 1,360 m in the study area, a boundary between forest and

agriculture (Pan, 2014). However, our camera traps detected giant

pandas and Asiatic black bears at lower elevation zones (1265 m and

1109m, respectively). This changemay be due to the implementation of

reforestation programs, having low-elevation farmland returned to

bamboo forests (Li et al., 2013). Human presence and lower quality

habitat in low-elevation zones will likely create new conservation

challenges for both giant pandas and Asiatic black bears. While it is

unclear if human activities influence the species’ activity pattern and

seasonal migration in the study area, the daily lives of local villagers are

closely linked to reserve resources (e.g., via collection of bamboo,
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mushrooms and herbs). Asiatic black bears may forage on honey and

damage local agriculture (e.g., corn) in low-elevation areas, creating

potential sources of conflict between humans and bears. Additionally,

giant panda conservation programme have contributed to an increased

in the abundance of sympatric wildlife, as wildlife (e.g. ungulate,

mesocarnivore) population increases have also brought about new

challenges for conservation and management (Li et al., 2022a; Li et al.,

2022b). Yet little is known about the consequences of these population

increases in their ecological system in the Qinlingmountains, where top

predators are virtually absent. Thesemanyknowledge gaps andpotential

threats to giant panda and Asiatic black bear conservation warrant the

establishment of long-term monitoring programs that regularly assess

changes in wildlife communities and ongoing anthropogenic threats.

Our study has some limitations. First, we were unable to sample

some locations due to the difficulty of navigating to remote areas, which

may result in detection error or bias, whereby giant pandas and Asiatic

blackbearsmayhavebeenpresentat these sites regardlessofourability to

survey them. Second, activity patterns and detection probability may be

influenced by other factors that we did not account for in this study,

including factors related to species ecology (e.g. home range, density

dependence), and environmental factors (e.g. human disturbances,

sympatry with other mammals) (Sollmann et al., 2013; Ikeda et al.,

2016; Broadley et al., 2019). Further research is needed to determine

micro-habitat use of both species before further generalised conclusions

are made regarding their co-occurrence patterns on a micro-habitat

scale. Because of the limitations of camera-trapping surveys, future

studies are required to clarify how the activity patterns of giant pandas

and Asiatic black bears relate to specific behaviors, combining survey

tools with telemetry surveys and direct observations. In addition, further

studies should focuson the relationshipbetween the coexistence patterns

and both population density and relative abundance of the two species,

and adopt a multi-species occupancy modeling approach to tease apart

some of these factors.

5 Conclusion

Our study provides novel information on the spatial and temporal

ecology of sympatric giant pandas and Asiatic black bears in forest

ecosystems. The results are important to set a baseline of understanding

of mechanisms explaining interactions between giant pandas and

Asiatic black bears. Furthermore, the results could be used for

assessments of conservation status in the study area, which could act

as a guide to construct conservation priorities as well as efficient

management programs.
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