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Simple Summary

Many forest animals are difficult to monitor because they are rare, elusive, or active at
night. Camera traps provide a non-invasive way to observe these species, but short surveys
may fail to capture the full wildlife community. We used ten years of camera-trap records
from the Baishuihe National Nature Reserve in southwestern China to examine how the
understanding of a mountain wildlife community changes with continued monitoring.
As monitoring progressed, fewer previously undetected species were added, while the
species most frequently recorded remained consistently present. Wildlife species also
differed in the times of day when they were active, which may help them reduce encoun-
ters and share habitats and resources. These findings show that long-term camera-trap
monitoring is important for distinguishing persistent ecological patterns from short-term
variation in wildlife records. The study provides baseline information that can support
biodiversity monitoring and conservation management in the Giant Panda National Park
and other mountain protected areas in southwestern China.

Abstract

Long-term ecological monitoring is essential for understanding biodiversity dynamics and
evaluating conservation effectiveness in protected areas. The Baishuihe National Nature
Reserve, located in the southern Minshan Mountains, represents an important montane
forest ecosystem within a global biodiversity hotspot. Using camera-trapping data collected
from 2011 to 2020, we investigated long-term community dynamics and temporal activity
patterns of mammals and ground-dwelling pheasants in the reserve. A total of 23 species,
including 17 mammal and 6 pheasant species, were recorded during the 10-year survey.
Carnivora and Artiodactyla were the most species-rich orders, while several ungulates and
pheasants dominated detections throughout the monitoring period. Species richness in-
creased with survey duration, while the rate of newly recorded species declined after 2016,
and the observed assemblage became more consistent across years. Interannual commu-
nity variation reflected both species turnover and nestedness-related processes, although
dominant and common species remained consistently detected across years. Camera-trap
data further revealed pronounced temporal niche differentiation among sympatric species.
Carnivores, such as leopard cat (Prionailurus bengalensis) and masked palm civet (Paguma
larvata), were primarily nocturnal, whereas golden snub-nosed monkey (Rhinopithecus rox-
ellana), Temminck’s tragopan (Tragopan temminckii), and blood pheasant (Ithaginis cruentus)
showed predominantly diurnal activity patterns. Several species exhibited broad temporal
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niches or seasonal shifts in activity rhythms, suggesting flexible behavioral adaptation to
environmental conditions. Overall, the Baishuihe Reserve supported a taxonomically and
functionally diverse camera-trap-detectable vertebrate assemblage, within which dom-
inant and common species showed relatively persistent occurrence across years. This
study highlights the importance of long-term camera-trap monitoring for understand-
ing community stability, temporal niche organization, and biodiversity conservation in
mountain ecosystems.

Keywords: camera trapping; mammal community; long-term monitoring; temporal niche;
Giant Panda National Park

1. Introduction
Biodiversity is declining globally as a result of habitat loss, fragmentation, overex-

ploitation, and other anthropogenic pressures, leading to widespread changes in species
distributions and ecosystem functioning [1,2]. Protected areas are widely recognized as one
of the most effective strategies for conserving biodiversity and maintaining ecosystem in-
tegrity [3–6]. However, increasing human disturbance and environmental change continue
to threaten many protected ecosystems, highlighting the need for long-term ecological
monitoring to evaluate conservation effectiveness and ecosystem stability over time [7,8].
Mammals and other high-trophic-level vertebrates are particularly useful indicators of
ecosystem condition because their community composition, population persistence, and
behavioral dynamics often respond sensitively to environmental change [9,10].

Understanding long-term community dynamics is therefore important for assessing
biodiversity conservation within protected areas [7,11,12]. In addition to changes in species
composition, temporal activity patterns provide important insights into ecological interac-
tions and coexistence mechanisms among sympatric species. Temporal niche differentiation
can reduce interspecific competition and promote community stability, particularly in species-
rich montane ecosystems where multiple taxa share similar habitats and resources [13–15].
Seasonal or interannual shifts in activity rhythms may further reflect behavioral adaptation
to environmental variation and anthropogenic disturbance [16–18]. Consequently, analyses
integrating community dynamics and activity patterns can improve our understanding of
ecosystem stability and species coexistence in protected mountain ecosystems.

Because many mammal species are cryptic, elusive, and primarily nocturnal, tradi-
tional survey methods are often insufficient for continuous and long-term monitoring.
Camera trapping has become one of the most widely used approaches in wildlife ecol-
ogy because it enables non-invasive, continuous, and standardized monitoring of wildlife
communities over extended periods [19,20]. Long-term camera-trap datasets can simulta-
neously provide information on species occurrence, community composition, and temporal
activity patterns, making them particularly valuable for investigating wildlife community
dynamics in protected areas.

The Mountains of Southwest China constitute one of the world’s biodiversity
hotspots [21]. Characterized by complex topography, steep elevational gradients, and
diverse climatic conditions, this region supports highly heterogeneous montane ecosystems
and exceptionally rich vertebrate diversity. It also provides critical habitat for numerous
rare and endangered species, including the giant panda (Ailuropoda melanoleuca), golden
snub-nosed monkey (Rhinopithecus roxellana), and takin (Budorcas tibetana). Because mon-
tane ecosystems are highly sensitive to climate change and human disturbances, long-term
wildlife monitoring is essential for understanding changes in community structure and
ecosystem functioning in this region.
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The Sichuan Baishuihe National Nature Reserve, located in the southern Minshan
Mountains on the western edge of the Sichuan Basin, was established primarily to con-
serve giant pandas, forest ecosystems, and regional biodiversity. The reserve represents
an important ecological transition zone between the Chengdu Plain and the mountainous
regions of western Sichuan and contains typical montane forest ecosystems. A com-
prehensive biodiversity survey conducted in 2010 documented 96 mammal species and
280 bird species within the reserve, indicating high vertebrate biodiversity. However,
previous studies in this region have mainly focused on flagship species or single taxo-
nomic groups, whereas long-term community-level studies remain limited. In particular,
interannual community dynamics and temporal niche organization of mammals and
ground-dwelling pheasants within the reserve remain poorly understood. Moreover, ear-
lier camera-trap studies were generally based on relatively limited spatial coverage and
short monitoring durations, potentially constraining understanding of long-term ecological
dynamics within the reserve.

In this study, we analyzed camera-trap data collected from more than 200 camera-
trap stations in the Sichuan Baishuihe National Nature Reserve between 2011 and 2020 to
investigate long-term community dynamics and temporal activity patterns of mammals
and ground-dwelling pheasants. Specifically, we aimed to: (1) characterize community
composition and evaluate long-term community stability; (2) describe interannual changes
in the observed species inventory; and (3) examine temporal activity patterns and niche
differentiation among the recorded species, with detailed comparisons focusing on species
with sufficient detection records. Our study provides baseline data for long-term biodi-
versity monitoring and contributes to understanding community stability and wildlife
conservation in montane ecosystems in the Mountains of Southwest China.

2. Materials and Methods
2.1. Study Area

The Baishuihe Reserve (103◦41′–103◦57′ E, 31◦10′–31◦29′ N) is located in Pengzhou
City, Sichuan Province, southwestern China (Figure 1). Situated in the southeastern Long-
men Mountains, the reserve lies within the transitional zone between the Sichuan Basin and
the Qinghai–Tibet Plateau and represents a typical montane ecotone. The reserve covers
approximately 301.5 km2 and was established primarily to protect the giant panda, its
habitat, rare wildlife resources, and regional biodiversity. Elevation ranges from 1481 to
4814 m above sea level, creating pronounced topographic and climatic gradients. Well-
preserved montane valleys, river systems, and forest ecosystems provide diverse habitats
for wildlife species.

The reserve is dominated by montane valley landforms and has a humid subtropical
monsoon climate. Mean annual temperature is approximately 12.3 ◦C, with temperatures
decreasing markedly from the warmer low-elevation valleys to the cold, snow-prone high-
elevation zones. Mean annual precipitation is approximately 966.9 mm. Vegetation types
include evergreen broad-leaved forests, mixed coniferous–broadleaf forests, subalpine conif-
erous forests, and shrub meadows. The combination of complex terrain, strong elevational
gradients, and heterogeneous vegetation contributes substantially to regional biodiversity.
In addition, the reserve is located between the Jiudingshan Provincial Nature Reserve and
the Longxi–Hongkou National Nature Reserve, serving as an important ecological corridor
and habitat connectivity zone for giant pandas in the Longmen Mountain region. Therefore,
it plays a significant role in regional ecological security and wildlife dispersal.
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Figure 1. Geographic location of the Baishuihe National Nature Reserve and camera-trap stations.
The upper-left panel shows the Mountains of Southwest China; the lower-left panel shows Chengdu
City, major population centers, and the main road network; and the right panel shows the location,
topography, and camera-trap stations of the Baishuihe National Nature Reserve during 2011–2020.
The reserve is administratively located in Chengdu City and biogeographically situated within the
Mountains of Southwest China.

2.2. Data Collection
Camera-Trap Survey

To monitor long-term dynamics of mammal communities in the study area, camera
traps were continuously deployed throughout the reserve from 2011 to 2020. Cameras
were primarily installed in areas with frequent wildlife activity, including animal trails,
water sources, forest paths, and feeding sites, in order to maximize detection probability of
target species [22]. Camera placement also considered elevational gradients and habitat
heterogeneity to ensure broad coverage of major habitat types within the reserve.

Camera traps were generally mounted 40–60 cm above the ground, and camera lenses
were positioned perpendicular to the expected direction of animal movement to reduce
missed detections and false triggers. All cameras operated continuously for 24 h per day.
Batteries and memory cards were checked and replaced regularly to ensure continuous
operation and data integrity [23].

Following standard camera-trap survey protocols [20], consecutive photographs or
videos of the same species captured at the same camera station within a 30 min interval
were treated as one independent detection event to minimize repeated records of the
same individual. Records of a different species, records from a different camera station,
or records of the same species separated by more than 30 min were treated as separate
independent events. Recorded information included capture time, species identity, number
of independent detections, and activity period [24]. A single camera operating continu-
ously for 24 h was defined as one camera day, and the effective number of camera days
for each station was calculated from the interval between the first and last valid records
obtained by that camera [25]. Records falling outside the predefined study period of
2011–2020 were excluded before the calculation of sampling effort. The final dataset
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contained 47,137 time-stamped records from 251 camera-trap stations, representing a cumu-
lative sampling effort of 55,080.9 camera-trap days, rounded to 55,081 camera-trap days.

To evaluate relative activity intensity among species, we calculated the Relative Abun-
dance Index (RAI). The RAI has been widely used in camera-trap studies as an indicator of
relative population size and activity intensity [20,26]. The index was calculated as follows:

RAI = (independent detection events/total camera-trap days) × 1000

where the number of independent detection events represents the total number of inde-
pendent records for a given species, and total camera-trap days represents the cumulative
number of effective camera-trap days during the survey.

2.3. Data Analysis
2.3.1. Community Composition Analysis

Based on the camera-trap monitoring data, all recorded mammal and pheasant species
were identified and compiled to establish a species inventory for the study area. Total
species richness and annual species richness were calculated to characterize temporal
variation in community composition. In addition, species were classified according to
their taxonomic groups (order and family) to describe the taxonomic structure of the
animal community.

The Relative Abundance Index (RAI) of each species was calculated from the number
of independent detections and used as an indicator of relative activity intensity and relative
abundance. Species accounting for more than 5% of the total independent detections were
defined as dominant species and were used to identify major community components and
core taxa within the study area. Species were further ranked according to their RAI values
to examine patterns among dominant and infrequently detected species.

Furthermore, based on ecological functional traits, the trophic structure of the animal
community was categorized into several functional groups, including carnivores, ungulates,
primates, and ground-dwelling pheasants, in order to evaluate community structural
integrity and ecological functional composition.

2.3.2. Interannual Dynamics Analysis

To investigate long-term community dynamics, species composition and detection
records were compared among years from 2011 to 2020. Annual species richness and the
number of newly recorded species in each year were summarized to describe changes in
the observed species inventory over time. We used these descriptive temporal summaries
to evaluate whether the addition of previously unrecorded species declined during the later
monitoring period. Formal species accumulation or rarefaction curves were not generated
because camera-trap effort, spatial coverage, and station numbers varied among years.

Species occurrence patterns among years were compared descriptively by summa-
rizing newly recorded species, repeatedly recorded species, and species that were not
detected in subsequent years. Interannual changes in the observed species inventory were
interpreted qualitatively in relation to species addition, replacement, and nestedness-like
patterns. Formal β-diversity decomposition into turnover and nestedness components
was not conducted because annual sampling effort, camera-station numbers, and spatial
coverage were not fully standardized across years [27].

In addition, several dominant species with relatively high detection frequencies, in-
cluding Chinese goral (Naemorhedus griseus), Temminck’s tragopan (Tragopan temminckii),
blood pheasant, tufted deer (Elaphodus cephalophus), and Siberian weasel (Mustela sibirica),
were selected for interannual comparisons of independent detections and RAI values to
evaluate temporal variation in activity intensity. Because camera numbers, monitoring
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duration, and effective camera days varied among years, RAI values were primarily used
to reflect relative activity variation rather than absolute population size estimates [19].

To further evaluate the effectiveness of long-term monitoring, the number of newly
recorded species was also summarized for each year, and temporal trends in species
accumulation were examined to assess whether community composition approached
stability over time. A marked decline in newly recorded species during later monitoring
periods was considered indicative of sufficient sampling coverage of the camera-trap-
detectable mammal and ground-dwelling pheasant assemblages in the reserve [28].

2.3.3. Activity Pattern Analysis

Activity patterns of the recorded mammal and pheasant species were analyzed based
on the timestamps recorded by camera traps. Following established approaches in camera-
trap activity studies [29,30], the exact detection time of each independent event was ex-
tracted, and temporal activity distributions of different species were summarized over a
24 h cycle.

Based on local daylight conditions and previous studies, the 24 h period was divided
into daytime (06:00–18:00) and nighttime (18:00–06:00), while crepuscular activity periods
were also considered in activity classification. According to the proportion of independent
detections distributed across different time periods, species were classified into four activity
categories: (1) diurnal, with activity concentrated mainly during daytime; (2) nocturnal,
with activity concentrated mainly during nighttime; (3) cathemeral, with relatively high ac-
tivity frequencies during both day and night and no clear diel preference; and (4) seasonally
variable, with marked seasonal shifts in activity time distribution.

For species with relatively large sample sizes, monthly and seasonal variation in
activity time distributions were further examined to evaluate seasonal changes in activity
rhythms. In particular, seasonal variation in the proportion of daytime and nighttime
detections was compared to explore potential influences of environmental conditions on
species activity strategies. Previous studies have demonstrated that animal activity rhythms
can be affected by multiple factors, including temperature, food resource availability,
anthropogenic disturbance, and predation risk [31,32].

In addition, activity patterns were compared among different functional groups,
including carnivores, ungulates, primates, and ground-dwelling pheasants, to examine
differences in temporal resource use among trophic groups. Based on temporal overlap
in activity among species, temporal niche partitioning within the animal community
was qualitatively evaluated, and potential mechanisms by which species reduce resource
competition and interference through temporal segregation were discussed [33].

Because sample sizes for some species were limited, activity pattern analyses in this
study were primarily descriptive and qualitative. Quantitative analyses, such as those of
activity overlap indices and kernel density estimation, were not conducted. Nevertheless,
the results provide useful descriptive insights into the activity patterns and temporal niche
differentiation of the recorded species, particularly those with sufficient detection records.

3. Results
3.1. Community Composition

The survey recorded 17 mammal species and 6 pheasant species, comprising 23 species
in total. Mammals belonged to 4 orders and 10 families, whereas all recorded bird species
belonged to the order Galliformes and the family Phasianidae. The recorded fauna included
carnivores, medium- and large-sized ungulates, primates, and ground-dwelling pheasants,
representing multiple ecological functional groups.
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Among mammals, Carnivora was the most species-rich order, comprising 8 species
from 4 families: giant panda (Ailuropoda melanoleuca), Asian black bear (Ursus thibetanus),
yellow-throated marten (Martes flavigula), Siberian weasel (Mustela sibirica), hog badger
(Arctonyx collaris), Asian badger (Meles leucurus), masked palm civet (Paguma larvata), and
leopard cat (Prionailurus bengalensis), accounting for 47.1% of the recorded mammal species.
Artiodactyla was the second most species-rich order, comprising 6 species from 4 families:
tufted deer (Elaphodus cephalophus), Chinese serow (Capricornis milneedwardsii), Chinese
goral (Naemorhedus griseus), takin (Budorcas tibetanus), wild boar (Sus scrofa), and forest musk
deer (Moschus berezovskii), accounting for 35.3% of the recorded mammal species. In ad-
dition, two primate species, Tibetan macaque (Macaca thibetana) and golden snub-nosed
monkey (Rhinopithecus roxellana), and one rodent species, Chinese porcupine (Hystrix hodg-
soni), were recorded. Six pheasant species were detected, including Temminck’s tragopan
(Tragopan temminckii), blood pheasant (Ithaginis cruentus), Chinese monal (Lophophorus
lhuysii), golden pheasant (Chrysolophus pictus), koklass pheasant (Pucrasia macrolopha), and
chestnut-throated partridge (Tetraophasis obscurus) (Table 1).

Table 1. Species composition, relative abundance index (RAI), and conservation status of mammals
and pheasants recorded in the Baishuihe National Nature Reserve during 2011–2020.

Species Scientific Name RAI National Protected
Category

IUCN Red
List

Chinese Goral Naemorhedus griseus 22.38 II LC

Chinese Serow Capricornis
milneedwardsii 1.73 II VU

Sichuan Takin Budorcas tibetanus 3.87 I VU
Giant Panda Ailuropoda melanoleuca 0.22 I VU

Golden Snub-nosed
Monkey Rhinopithecus roxellana 2.89 I EN

Forest Musk Deer Moschus berezovskii 2.24 I EN
Masked Palm Civet Paguma larvata 3.95 II LC

Tufted Deer Elaphodus cephalophus 6.57 II NT
Tibetan Macaque Macaca thibetana 6.24 II NT

Leopard Cat Prionailurus bengalensis 2.45 II LC
Wild Boar Sus scrofa 1.66 - LC

Asian Black Bear Ursus thibetanus 1.43 II VU
Koklass Pheasant Pucrasia macrolopha 0.07 II LC
Chestnut-throated
Monal-Partridge Tetraophasis obscurus 0.04 I LC

Temminck’s Tragopan Tragopan temminckii 16.14 II LC
Golden Pheasant Chrysolophus pictus 0.13 II LC
Chinese Monal Lophophorus lhuysii 2.98 I VU
Blood Pheasant Ithaginis cruentus 10.44 II LC
Asian Badger Meles leucurus 1.5 - LC

Greater Hog Badger Arctonyx collaris 1.51 - VU
Yellow-throated

Marten Martes flavigula 4.4 II LC

Chinese Porcupine Hystrix hodgsoni 0.84 - LC
Siberian Weasel Mustela sibirica 11.94 - LC

Relative abundance analysis based on independent detection events revealed substan-
tial variation in detection frequency among species. Chinese goral was the most frequently
detected species, with 575 independent detections, accounting for 22.2% of all records.
This was followed by Temminck’s tragopan (387 detections, 15.0%) and blood pheasant
(272 detections, 10.5%). Tufted deer (205 detections, 7.9%), Siberian weasel (181 detections,
7.0%), and Tibetan macaque (149 detections, 5.8%) also exhibited relatively high detection
frequencies. These six species all accounted for more than 5% of total detections and were
therefore identified as dominant species. Together, they represented 68.4% of all indepen-
dent detections, indicating a community structure characterized by a clear concentration of
dominant species.
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In addition to dominant species, takin (111 detections, 4.3%) and yellow-throated
marten (110 detections, 4.3%) were also frequently recorded and could be considered
common species in the monitored area. In contrast, giant panda (4 detections) and koklass
pheasant (2 detections) were rarely detected and occurred only at a few camera stations
or during specific years. These records indicate low detection frequencies in the present
camera-trap dataset, but they should not be interpreted directly as evidence of low local
abundance, particularly across the entire reserve. For giant panda, the low number of
detections may partly reflect the fact that the camera-trap survey covered only part of the
reserve and may not have fully overlapped with the main areas of giant panda habitat use.
More generally, low detection frequencies may also result from low detection probability,
behavior that reduces exposure to camera traps, restricted use of the sampled area, or
occasional passage through monitored sites.

Several medium- and large-sized mammals previously reported in the 2010 baseline
survey, including red panda (Ailurus fulgens), Asian golden cat (Catopuma temminckii),
leopard (Panthera pardus), and clouded leopard (Neofelis nebulosa), were not detected by the
present camera-trap network. Their non-detection may reflect the restricted spatial coverage
of the survey, limited overlap between camera locations and species-specific habitats or
movement routes, low detection probability, or very low current population densities.
However, because some historical records were based on indirect survey methods and
several of these species have not been confirmed in recent regional surveys, their current
occurrence in the reserve remains uncertain.

From the perspective of ecological functional composition, the study area supported
multiple trophic groups, including mesocarnivores, such as leopard cat and yellow-throated
marten; medium- and large-sized herbivores, such as Chinese goral, tufted deer, and
takin; and various pheasant and primate species. The occurrence of taxa from different
trophic groups indicates that multiple trophic components were represented in the camera-
trap records. However, because trophic interactions were not directly measured and no
reference food web was available, these records alone cannot demonstrate the completeness
or intactness of the food web. The repeated detection of carnivores and medium-to-large
ungulates nevertheless suggests that the reserve continues to provide habitat for species
occupying different trophic positions [34].

3.2. Interannual Dynamics

Annual sampling effort varied substantially during the monitoring period (Table 2).
Annual camera-trap effort increased from 918.0 camera-trap days in 2011 to 12,509.3 camera-
trap days in 2019 and then declined to 7508.9 camera-trap days in 2020. Consequently,
interannual comparisons of species richness and detection frequency should be interpreted
with caution because annual camera-trap effort, the number of active camera stations, and
spatial coverage were not fully standardized across years.

During the monitoring period, annual species richness generally increased as mon-
itoring effort expanded. Four species were detected in 2011 and five in 2012; richness
increased to 10 species in 2013 and 17 in 2014. Although richness declined to 11 species
in 2015, it increased again to approximately 16 species in 2016–2017, reached 20 species
in 2018–2019, and remained relatively high at 18 species in 2020. The pattern should be
interpreted as variation in the observed species inventory under unequal annual sampling
effort rather than direct evidence of ecological expansion of the underlying community
(Figure 2).

Community composition varied among years. During the early monitoring period
(2011–2012), relatively few species were detected, and the observed assemblage mainly
consisted of common species with relatively high detection frequencies, such as tufted deer,
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Temminck’s tragopan, and yellow-throated marten. After 2013, species such as Chinese
goral, takin, leopard cat, hog badger, and Chinese serow were detected more consistently,
resulting in a progressively richer observed assemblage. Since 2014, several medium- and
large-sized mammals and carnivores were repeatedly detected across multiple years, sug-
gesting that increased monitoring effort and broader coverage improved characterization
of the camera-trap-detectable assemblage.

Table 2. Annual numbers of active camera-trap stations and sampling effort in the Baishuihe National
Nature Reserve during 2011–2020. Active stations were defined as stations that yielded at least one
valid time-stamped record in a given year.

Year Active Camera-Trap Stations Camera-Trap Days

2011 4 918.0
2012 15 1554.4
2013 20 2663.9
2014 33 3491.3
2015 21 3086.3
2016 26 5550.8
2017 30 8155.8
2018 59 9642.2
2019 96 12,509.3
2020 36 7508.9

Figure 2. Annual species richness and camera-trap days in the Baishuihe National Nature Reserve
during 2011–2020. Bars represent annual species richness, the solid line represents camera-trap days,
and the dashed line indicates the 23 species recorded across the full monitoring period. Because
annual station numbers and spatial coverage varied, this descriptive figure should not be interpreted
as a standardized species accumulation or rarefaction curve.

With regard to interannual variation in dominant species, most dominant species
were consistently recorded across years, indicating relatively high temporal stability. Chi-
nese goral, Temminck’s tragopan, and blood pheasant maintained relatively high de-
tection frequencies throughout most years and represented the most stable core species
within the study area. Tufted deer and Siberian weasel were also recorded in all years,
although their detection frequencies fluctuated more substantially. In contrast, several
low-frequency species occurred only sporadically. For example, koklass pheasant and
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chestnut-throated partridge were detected infrequently, and their occurrences among years
appeared highly stochastic.

From the perspective of community dynamics, changes in the animal community
were primarily characterized by a gradual increase in newly recorded species. The period
from 2013 to 2014 represented the most pronounced stage of species increase, during
which several medium- and large-sized mammals and carnivores were first detected. After
2016, the number of newly recorded species declined markedly, and the observed annual
assemblage became more consistent relative to the early monitoring period of 2011–2015.
Here, this increased consistency refers to a lower rate of species addition and the repeated
detection of dominant and common species. Overall, the observed species inventory
showed both the addition or replacement of some species among years and nestedness-like
variation, in which species-poor years largely represented subsets of species-rich years.
However, because no formal β-diversity decomposition was conducted, this interpretation
should be regarded as descriptive rather than quantitative. Specifically, some community
changes reflected gradual detection of previously unrecorded species, whereas fluctuations
in low-frequency species contributed to nestedness-related patterns.

In addition, the core community composition gradually stabilized with increasing
monitoring duration. Most dominant and common species were consistently recorded
across consecutive years, while the number of newly detected species progressively de-
clined, indicating relatively high long-term stability of mammal and ground-dwelling bird
communities in the reserve. Overall, long-term camera-trap monitoring not only improved
the detection of regional biodiversity but also revealed the dynamic process through which
the animal community transitioned from an initial low-detection stage to a relatively stable
state over time.

3.3. Activity Patterns

Based on the timestamps recorded by camera traps, activity time distributions of the
23 recorded species were summarized and analyzed. The results showed clear diel activity
differentiation within the animal community, with substantial variation in activity timing
among species. According to the distribution of independent detections across daytime
and nighttime periods, species activity patterns could be classified into four categories:
typical diurnal, typical nocturnal, cathemeral, and seasonally variable activity patterns [35]
(Figure 3).

(1) Typical Diurnal Species

Diurnal species were characterized by activity concentrated mainly during daytime
hours (approximately 06:00–18:30), with few or no nighttime records. All detections of
golden snub-nosed monkey and Chinese monal occurred during daytime, indicating
strongly diurnal activity patterns. Asian black bear, wild boar, yellow-throated marten,
Temminck’s tragopan, and blood pheasant were also primarily active during daytime, with
only occasional nighttime detections.

Among these species, Temminck’s tragopan and blood pheasant showed peak activity
primarily during the early morning to late morning period (approximately 07:00–11:00),
after which activity frequency declined in the afternoon. Yellow-throated marten exhibited
relatively high activity frequencies throughout multiple daytime periods, indicating a
relatively broad diurnal activity range. Overall, diurnal species were mainly associated
with visually oriented foraging behavior or group activities, and their activity schedules
appeared closely related to daylight availability and feeding behavior.
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(2) Typical Nocturnal Species

Nocturnal species were primarily active during nighttime and early morning hours
(approximately 18:00–06:00), with relatively few daytime records. Leopard cat, masked
palm civet, and Chinese porcupine all exhibited clear nocturnal activity patterns, with ac-
tivity peaks occurring mainly during nighttime and pre-dawn periods. Leopard cat activity
was concentrated primarily after 20:00, whereas Chinese porcupine showed particularly
high activity frequencies during late-night to early-morning hours.

Forest musk deer also displayed predominantly nocturnal behavior in most moni-
toring years, with nighttime detections occurring much more frequently than daytime
records. Hog badger and Asian badger similarly exhibited nocturnal tendencies, with
only occasional daytime detections. Although tufted deer were detected throughout the
24 h cycle, activity was more concentrated during nighttime and crepuscular periods,
particularly shortly after sunset and before sunrise, indicating an overall tendency toward
nocturnal activity.

Overall, nocturnal species were mainly composed of cryptic small- and medium-
sized mammals. Their nocturnal activity patterns may be associated with avoidance of
anthropogenic disturbance, reduction in predation risk, and nocturnal foraging strategies.

(3) Cathemeral Species

Some species exhibited relatively high activity frequencies during both daytime and
nighttime and showed no obvious diel preference and were therefore classified as cathe-
meral species. Siberian weasel and Chinese goral consistently exhibited typical cathemeral
activity patterns throughout all monitoring years, with independent detections relatively
evenly distributed across day and night periods. Takin showed similar activity patterns in
most years, suggesting a broad temporal activity range.

Chinese goral maintained relatively high detection frequencies during both daytime
and nighttime, indicating strong environmental adaptability. Siberian weasel exhibited
multiple activity peaks across both day and night periods, with relatively dispersed activity
rhythms. Takin showed frequent nighttime activity while also maintaining stable daytime
detections, suggesting high temporal flexibility in foraging and movement behavior.

Cathemeral species generally occupied broader temporal niches, and such activity
patterns may enhance resource utilization efficiency while reducing direct temporal compe-
tition with other species.

(4) Seasonally Variable Activity Patterns

Some species exhibited marked seasonal variation in activity rhythms, indicating
relatively high temporal niche plasticity. Tibetan macaque was primarily active during
nighttime and early morning periods in warmer months (May–October), whereas daytime
activity became dominant during winter (December), demonstrating clear seasonal shifts
in activity patterns.

Temminck’s tragopan exhibited a typical diurnal pattern during most months; how-
ever, nighttime and pre-dawn detections increased noticeably from October to December,
indicating a tendency toward increased nocturnal activity during winter. This pattern
suggests that some species may adjust their activity schedules in response to seasonal
changes in temperature, food resource availability, or anthropogenic disturbance.

In addition, activity peaks of several species varied seasonally. For example, tufted
deer and Chinese goral exhibited increased crepuscular activity during winter, whereas
their activity distributions became more evenly distributed during summer. Overall, some
species in the study area appeared capable of flexibly adjusting their activity rhythms in
response to environmental variation, reflecting relatively strong ecological adaptability.
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Overall, mammals and pheasants in the study area exhibited clear temporal niche
partitioning. Diurnal, nocturnal, and cathemeral species coexisted within the community,
resulting in temporal segregation among species and potentially reducing resource com-
petition and interference risk. Furthermore, seasonal shifts in activity rhythms observed
in several species suggest that the animal community possesses relatively high ecological
adaptability and temporal resource partitioning capacity.

Figure 3. Daily activity patterns of six dominant mammal and pheasant species in the Baishuihe
National Nature Reserve: Elaphodus cephalophus, Ithaginis cruentus, Tragopan temminckii, Naemorhedus
griseus, Macaca thibetana and Mustela sibirica.

4. Discussion
4.1. The Baishuihe Reserve Supports a Taxonomically and Functionally Diverse Montane
Vertebrate Assemblage

Long-term camera-trap monitoring recorded 17 mammal species and 6 pheasant
species in the Baishuihe Nature Reserve, representing multiple trophic and functional
groups, including carnivores, ungulates, primates, and pheasants. The continued occur-
rence of medium- and large-sized herbivores, such as Chinese goral, tufted deer, and
Sichuan takin, together with mesocarnivores, including leopard cat and yellow-throated
marten, suggests that the reserve maintains relatively high faunal diversity and retains key
trophic components of montane forest ecosystems.

Previous studies have shown that carnivores and ungulates are highly sensitive to
habitat fragmentation and human disturbance, and their persistence is often associated
with relatively intact forest ecosystems and stable habitat conditions [36–38]. In this
study, several carnivores and ungulates were consistently detected across multiple years,
indicating long-term persistence of core trophic groups within the reserve. The coexistence
of predators, herbivores, and primates further suggests that ecological processes and trophic
interactions remain relatively stable in the study area [39].

Ground-dwelling pheasants are also widely regarded as indicators of forest ecosystem
condition because they are sensitive to understory structure and habitat disturbance [40].
Species such as Temminck’s tragopan and blood pheasant were repeatedly detected
throughout the monitoring period and exhibited relatively high detection frequencies,
suggesting that forest understory structure and habitat quality remain suitable for forest-
dependent bird species. In particular, the continued occurrence of high-elevation pheasants,
such as blood pheasant and Chinese monal, indicates alpine forest habitats within the
reserve remain relatively well preserved.
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Overall, the continued detection of multiple taxonomic and trophic groups indicates
that the Baishuihe Nature Reserve supports a diverse camera-trap-detectable montane
vertebrate assemblage. These findings highlight the importance of protected areas in
maintaining biodiversity and ecological stability in the montane ecosystems.

4.2. Long-Term Monitoring Revealed Community Stabilization and Cumulative Species
Detection Patterns

Species richness increased substantially throughout the monitoring period, rising from
four recorded species in 2011 to approximately 20 species in later years. This pattern likely
reflects the cumulative effects of long-term monitoring, as extended sampling duration
and broader spatial coverage gradually improved the detectability of rare, low-density,
and cryptic species. Similar species accumulation dynamics have been widely reported in
long-term camera-trap studies, particularly in complex montane forest ecosystems where
detection probabilities are often heterogeneous among species [20,22,37].

The relatively low species richness recorded during the initial monitoring years was
most likely attributable to lower sampling effort and restricted spatial coverage during
establishment of the camera-trap network. As the number and spatial coverage of camera
stations increased after 2013, the probability of detecting uncommon, low-density, and
cryptic species also increased. Thus, much of the early increase in recorded richness proba-
bly represents improved detection rather than rapid ecological change in the underlying
community. Species such as Chinese goral, Sichuan takin, leopard cat, and hog badger
were detected more consistently after 2013, further indicating that short-term surveys may
underestimate biodiversity in heterogeneous mountain ecosystems [26,41–43].

Although species composition fluctuated among years, most dominant and common
species were consistently recorded throughout the monitoring period, indicating that
the core community composition remained relatively stable. In particular, the Chinese
goral, Temminck’s tragopan, and blood pheasant maintained high detection frequencies
throughout the study period and represented the most stable core species within the
reserve. This pattern, characterized by “stable core species with fluctuating rare species,”
is common in montane forest ecosystems and is generally considered indicative of high
community stability and ecological resilience [44,45]. Previous studies have suggested that
stable core species often play important roles in ecosystem energy flow, resource utilization,
and community maintenance, whereas occasional species may primarily reflect habitat
heterogeneity and stochastic dispersal processes [46–48].

The community dynamics observed in this study also exhibited characteristics of
both species turnover and nestedness-related changes. As monitoring duration increased,
several previously unrecorded species were gradually and repeatedly detected in later
years, indicating that long-term monitoring continuously supplemented information on
regional species composition. In contrast, some low-frequency species were detected only
in specific years, reflecting temporal fluctuations in community composition. Overall,
species assemblages recorded in years with lower richness largely represented subsets
of those recorded in years with higher richness, suggesting that community variation
exhibited a certain degree of nestedness [27].

It should be noted that the assessment of species turnover and nestedness-related
changes in this study was based primarily on qualitative comparisons of species occurrence
among years, rather than formal β-diversity partitioning analyses. Therefore, the observed
patterns mainly reflect the gradual accumulation and identification of regional species
through long-term monitoring, rather than substantial ecological succession or community
reorganization. Similar studies have shown that temporal community changes in long-term
ecological monitoring are often jointly influenced by both real ecological processes and
cumulative sampling effects [42,49].
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Furthermore, after 2016, the number of newly recorded species declined substantially,
while the core community composition gradually stabilized, suggesting that long-term
monitoring had captured most of the camera-trap-detectable mammal and ground-dwelling
pheasant species within the reserve. This pattern of “rapid increase during the early stage
followed by stabilization” is consistent with species accumulation dynamics commonly
observed in long-term biodiversity monitoring studies [28]. Meanwhile, the long-term
persistence of most medium- and large-sized mammals and carnivores further suggests
that the Baishuihe Nature Reserve maintains a relatively stable forest ecosystem structure
and plays an important role in regional biodiversity conservation.

Overall, the results of this study demonstrate that long-term camera-trap monitoring
can not only substantially improve species detection efficiency but also effectively reveal
the dynamic changes and stability characteristics of montane forest faunal communities,
thereby providing important support for evaluating protected-area ecological functions
and conservation effectiveness [50,51].

In the present dataset, the rate at which previously unrecorded species were added de-
clined after approximately six years of monitoring. However, this empirical pattern should
not be interpreted as a universal minimum or optimal monitoring duration because camera-
trap effort and spatial coverage varied among years, particularly during the establishment
of the monitoring network. A formal sample- or coverage-based rarefaction analysis
would require standardized species detection histories across comparable sampling units.
Therefore, the present study cannot determine a general monitoring-duration threshold.

Similarly, the reduction in newly recorded species suggests that sampling approached
an asymptote for the mammals and ground-dwelling pheasants detectable by the camera-
trap design, but it does not demonstrate complete species saturation. Arboreal species,
small mammals, highly cryptic species, and species occurring outside camera detection
zones may remain underrepresented.

4.3. Temporal Niche Differentiation Among Recorded Species

This study found that recorded mammal and pheasant species in the Baishuihe Nature
Reserve exhibited pronounced diel activity differentiation, with different species showing
distinct temporal activity patterns. The coexistence of diurnal, nocturnal, and cathemeral
species indicates a high degree of temporal resource partitioning within the community.
Such temporal niche differentiation is considered one of the key mechanisms maintaining
multispecies coexistence in complex forest ecosystems [31,52].

Temporal niche partitioning can effectively reduce resource competition and potential
interference among sympatric species. By separating activity periods, species are able
to share resources while minimizing direct interactions, thereby enhancing community
stability [30,33]. In this study, small- and medium-sized mammals, such as leopard cat,
masked palm civet, and Chinese porcupine, were primarily nocturnal, whereas golden
snub-nosed monkey, Temminck’s tragopan, and blood pheasant were mainly diurnal,
forming clear diel activity segregation. Such differences in activity rhythms likely reduce
direct competition among species in terms of food resources, spatial use, and behavioral
activities. Similar patterns of diel niche partitioning have been widely reported in Asian
montane forest ecosystems and are considered important mechanisms facilitating the
long-term coexistence of small mammals and ground-dwelling birds [30].

Several mesocarnivores in the study area exhibited typical nocturnal activity patterns.
In particular, leopard cats and masked palm civets showed activity peaks during night-
time and pre-dawn periods, which is likely associated with their cryptic behavior and
nocturnal foraging strategies. Previous studies have shown that nocturnal activity not only
improves hunting efficiency for carnivores but also reduces the risk of encounters with
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humans [32]. In addition, nocturnal activity may decrease spatial interference with large
diurnal herbivores, thereby improving resource-use efficiency.

In contrast, diurnal species, such as the golden snub-nosed monkey, Temminck’s
tragopan, and blood pheasant, were mainly active during daylight hours. Primates gener-
ally rely heavily on vision for feeding and social behaviors and therefore typically exhibit
diurnal activity patterns [53]. Similarly, most pheasants tend to forage and move during
daytime, which may enhance their ability to detect predators [40]. In this study, the activity
peaks of Temminck’s tragopan and blood pheasant were concentrated mainly during early
morning to late morning hours, possibly reflecting higher foraging efficiency during cooler
morning conditions and reduced activity under warmer afternoon temperatures.

In addition, some species exhibited relatively broad temporal niches. Chinese goral,
Siberian weasel, and Sichuan takin showed relatively high activity frequencies during both
day and night, representing cathemeral activity patterns. Such broad activity schedules
may be associated with high foraging demands, extensive movement ranges, and strong
adaptability to complex montane environments. Previous studies have suggested that
species with broader activity rhythms often exhibit greater ecological flexibility and are
able to adjust activity timing according to resource availability and environmental condi-
tions [54]. Moreover, broader temporal niches may reduce direct temporal competition
with other species and improve overall resource utilization efficiency.

Notably, some species also exhibited clear seasonal variation in activity rhythms.
For example, Temminck’s tragopan showed increased nocturnal activity during winter,
while Tibetan macaques displayed seasonal shifts in activity timing. These findings suggest
that some animals in the study area can flexibly adjust their activity strategies in response
to environmental changes. Seasonal variation in temperature, food resource availability,
and human disturbance intensity may all influence animal activity patterns [30,32]. In high-
elevation montane forest ecosystems in particular, winter low temperatures and reduced
food resources may force some species to expand their activity periods in order to increase
foraging opportunities and energy acquisition.

Furthermore, seasonal adjustments in activity rhythms may also be associated with
anthropogenic disturbance. Recent studies have shown that wildlife often increases noc-
turnal activity in response to human disturbance in order to reduce the risk of human
encounters [32,55,56]. Although this study did not directly evaluate the effects of human
activities, the increased nocturnal activity observed in some species during winter may
be related to seasonal tourism activities or variation in human visitation frequency [57].
Future studies incorporating human activity data are therefore needed to further explore
these relationships.

Overall, the animal community in the Baishuihe Nature Reserve exhibited pronounced
temporal niche partitioning. Different species reduced temporal overlap through diel segre-
gation, expansion of activity periods, and seasonal adjustments in activity rhythms, thereby
facilitating more efficient temporal resource allocation. Such temporal niche differentiation
likely reduces interspecific competition and potential interference and may represent an
important mechanism supporting the long-term coexistence of multiple species within
the reserve.

4.4. Study Limitations, Conservation Implications, and Future Perspectives

Although this study analyzed long-term dynamics of mammal and pheasant communi-
ties in the Baishuihe Nature Reserve using camera-trap monitoring data, several limitations
should be acknowledged. First, this study used the relative abundance index (RAI) as a
proxy for relative abundance. Although the RAI has been widely applied in camera-trap
studies and can reflect relative activity intensity and detection probability [20,58], it is
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influenced by species behavior, movement range, detection probability, and camera place-
ment design and therefore cannot directly represent true population density or absolute
population size [19]. In particular, highly mobile or wide-ranging species may exhibit
inflated RAI values relative to their actual population size, whereas cryptic or infrequently
active species may be underestimated.

Second, the spatial representativeness of the present camera-trap dataset should
be interpreted with caution. A comprehensive biodiversity survey conducted in 2010
recorded 96 mammal species and 280 bird species in the Baishuihe National Nature Re-
serve, whereas the present study detected 17 mammal species and 6 ground-dwelling
pheasant species. This difference likely reflects differences in survey objectives, taxonomic
scope, sampling methods, and spatial coverage. The present camera-trap survey primarily
targeted medium- and large-sized mammals and ground-dwelling pheasants, and camera
stations were concentrated in part of the reserve rather than covering all habitat types
and elevational zones across the entire protected area. In addition, differences in camera
numbers, camera placement locations, and effective monitoring duration among years may
have influenced comparisons of species richness and detection frequencies across years.
Because the monitoring framework during the early stage was not fully standardized,
interannual differences in sampling intensity may have caused the observed community
changes to reflect both actual ecological variation and sampling effects [59]. Therefore, our
results should be interpreted as representing the camera-trap-detectable assemblage within
the monitored area, rather than the complete vertebrate diversity of the entire reserve.
Future studies should expand camera-trap coverage to additional areas of the reserve,
include under-sampled habitat types and elevational zones, and integrate complementary
survey methods to improve the representativeness of biodiversity assessments [60].

Third, this study did not include quantitative annual data on anthropogenic or envi-
ronmental covariates, including visitor numbers, road access, patrol intensity, local human
activity, vegetation change, and climatic variation. The Baishuihe area was managed as a
protected area throughout the monitoring period, but we were unable to evaluate whether
the intensity or spatial distribution of human activities changed during 2011–2020. There-
fore, the observed interannual variation in species records and activity patterns should
not be attributed to anthropogenic or climatic drivers without further supporting data.
Future studies should integrate camera-trap records with standardized information on
human disturbance, management activity, habitat change, and climate to better identify the
mechanisms underlying temporal changes in wildlife detections and activity rhythms.

Finally, regarding activity rhythm analysis, this study mainly relied on qualitative
summaries of detection records across different time periods, and the analyses of activity
patterns and temporal niche partitioning remained relatively coarse. Future studies could
incorporate kernel density estimation, overlap coefficients, and temporal niche models to
quantitatively assess activity curves and temporal overlap among species [29], thereby pro-
viding deeper insights into coexistence mechanisms and temporal resource-use strategies.

Despite these limitations, the present study provides useful baseline information
on the composition and temporal dynamics of the camera-trap-detectable mammal and
ground-dwelling pheasant assemblage within the monitored area [42]. From a conservation
management perspective, the results support the continued standardization of camera-trap
monitoring in protected areas, including unified camera deployment protocols, optimized
monitoring intervals, permanent station identification, and the establishment of long-term
monitoring databases, in order to improve comparability among years and regions [61,62].
Future research could also move beyond descriptive analyses of community structure
toward investigations of underlying ecological processes and mechanisms. For example,
integrating functional traits, trophic relationships, and species interaction networks may
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improve understanding of the ecological roles of different functional groups. Occupancy
models and random encounter models could also be applied to investigate population
dynamics and habitat use of key species in greater detail [63].

Overall, this study provides baseline information on the long-term dynamics and
temporal organization of camera-trap-detectable mammals and ground-dwelling pheas-
ants in the Baishuihe Nature Reserve. Continued standardized, spatially expanded, and
multi-method monitoring will be essential for supporting biodiversity conservation and
ecological management within the Giant Panda National Park and the montane regions of
southwestern China.

5. Conclusions
This study used a 10-year camera-trap dataset (2011–2020) to investigate the long-term

community dynamics and temporal activity patterns of mammals and ground-dwelling
pheasants in the Baishuihe National Nature Reserve, a key montane forest ecosystem in
southwestern China. A total of 23 species were recorded, including 17 mammal species
and 6 pheasant species, representing multiple trophic and functional groups. Several
ungulates, pheasants, and mesocarnivores were consistently detected throughout the
monitoring period, indicating that the reserve maintains a relatively intact and stable
montane vertebrate community with comparatively high ecological integrity. The rate
of newly recorded species declined as cumulative sampling increased, illustrating the
influence of monitoring effort on the observed species inventory.

The study further revealed pronounced temporal niche differentiation among sym-
patric species. Diurnal, nocturnal, and cathemeral activity patterns coexisted within the
community, while some species also exhibited seasonal shifts in activity rhythms. These
patterns suggest that temporal niche partitioning may play an important role in reducing
interspecific competition and facilitating long-term species coexistence in montane forest
ecosystems. Although some interannual variation in species composition was observed,
the persistence of dominant and common species across years indicates relatively high
community stability within the reserve. Overall, the study provides baseline information
on the composition and temporal organization of the camera-trap-detectable vertebrate
assemblage in the Baishuihe National Nature Reserve. These findings can support future
standardized monitoring and conservation management within the Giant Panda National
Park and the Mountains of Southwest China.
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