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Simple Summary: The study emphasizes the importance of species-habitat dynamic research in
shaping effective habitat protection and management strategies. Current, research on Chinese red
panda habitats is limited to single-period analysis, thereby hindering the formulation of comprehen-
sive conservation strategies. The study employs habitat suitability simulations across different time
scales, quantifying trends in habitat quality changes, and analyzing the reasons for suitability changes.
The results show an overall increase in habitat suitability for the Chinese red panda, but a decline
in habitat suitability in the central part of Liangshan is observed. The decline in habitat suitability
is attributed to climate change and human interference. Additionally, the local extinction of the
isolated populations in the Minshan Mountains is identified as the primary cause of the distribution
retreat rather than a decrease in habitat quality being identified as such. These findings provide a
scientific basis for developing conservation and management strategies for Chinese red pandas at
different scales.

Abstract: The study of the dynamics of species habitat is of great significance for maintaining or
adjusting the current habitat protection management strategy. However, the current research on the
Chinese red panda’s habitat is limited to the analysis of a single period, which makes it difficult to
quantify the changes in its habitat on a temporal scale and greatly hinders the formulation of the
overall protection and management strategies that are to be used for the Chinese red panda. This
study simulated habitat suitability at different temporal scales to quantify the trend of changes in
habitat quality and analyzed the reasons for the changes in habitat suitability in certain regions. The
results showed that the overall suitability of the Chinese red panda’s habitat increased and that the
area of suitable habitats expanded. Suitable Chinese red panda habitats in the mountains of Qionglai
(1662.73 km?), Daxiangling (230.30 km?), Xiaoxiangling (549.47 km?), and Liangshan (50.39 km?)
increased by a total of 2452.89 km?. The suitability of habitats in the central part of the Liangshan
Mountains has declined significantly, which is positively correlated with changes in temperature
seasonality (BIO4, R = 0.18) and negatively correlated with changes in annual average temperature
(BIO1, R = —0.03) as well as changes in the proportion of farmland (FARMLAND, R = —0.14). The
local extinction of isolated populations of Chinese red pandas in the Minshan Mountains is the main
factor leading to their distribution retreat rather than a decrease in habitat quality. The research
results help us to provide a scientific basis for the formulation of conservation and management
strategies for Chinese red pandas at different scales.

Keywords: Chinese red pandas; species distribution model; habitat suitability; distribution shrinkage;
conservation strategy

1. Instruction

There are two extant species of red panda, namely that of the Himalayan red panda
(A. fulgens) and that of the Chinese red panda (Ailurus styani) [1], which are distributed in
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the Himalayas and adjacent areas including Nepal, India, Bhutan, Sikkim, Myanmar, and
Southwestern China’s Sichuan, Yunnan, and Tibetan provinces. The westernmost point of
the distribution of the Chinese red panda is in the Mugu region of Western Nepal (82° E),
the easternmost point is in the upper Minjiang River in Sichuan (104° E), the southernmost
point is in the southern part of the Gaoligong Mountains on the Sino-Myanmar border
(25° N), and the northernmost point is in the Minshan mountains in the upper Minjiang
River (33° N) [2]. In China, the Himalayan red panda is distributed in the region to the west
of the Yarlung Zangbo River in Tibet, while the Chinese red panda is distributed in Sichuan,
Yunnan, and the region to the east of the Yarlung Zangbo River in Tibet, with most of them
distributed in Sichuan Province. However, the results of the “fourth national giant panda
survey” showed that, except for a few Chinese red panda individuals remaining in the
Mianzhu and Shehong areas at the southernmost end of the Minshan mountains, Chinese
red pandas may have become extinct in other areas of the Minshan mountains (such as
Pingwu, Qingchuan, etc.) [3,4]. Wei et al. (1999) conducted a survey on the population
status of wild Chinese red pandas in Sichuan and Yunnan, China, and found that there were
approximately 3000—4000 individuals in Sichuan and 1600-2000 individuals in Yunnan.
However, existing data show that over the past few decades the distribution range of
Chinese red pandas in China may have shrunk significantly and the population size has
also declined sharply [5].

The Chinese red panda is a typical herbivorous carnivore, but it has poor energy utiliza-
tion from bamboo, resulting in a low digestion rate. To meet its daily energy requirements,
the Chinese red panda needs to consume a large amount of bamboo and related foods to
maximize its energy intake rate [6]. Chinese red pandas exhibit seasonal activity patterns,
with higher activity rates in spring, summer, and autumn, and lower rates in winter. Addi-
tionally, they have crepuscular activity habits [7]. The Chinese red panda is a mountain
forest-dwelling animal; research has found that Chinese red pandas in different regions
have varying habitat preferences, which are primarily influenced by human disturbances,
climate change, and specific preferences for survival resources [8-10]. Forest logging not
only causes habitat fragmentation and the reduction of the available habitat area but also
directly affects the migration of individuals between different habitat patches and may
lead to population extinction [11,12]. According to Wei et al. (1999), 22 large-scale forest
enterprises in Sichuan caused the loss of 3597.9 km? of the Chinese red panda’s habitat area
over 25 years [5]. In Langtang National Park, due to overgrazing, more than 60% of the
Chinese red panda’s habitat was severely damaged, and livestock grazing activities were
the main cause of death of Chinese red panda cubs in the area [13]. As a good fur animal
that combines both economic value and aesthetic appeal, hunting and trade are also impor-
tant reasons for the decline in the species population [5]. It has been reported that Sichuan
Mianning purchased 19 Chinese red panda furs in 1979-1981, and Tibet purchased more
than 200 Chinese red panda furs in the 1970s. An incident of illegal hunting and selling wild
Chinese red pandas occurred in Leshan City, Sichuan Province, in 2022, which involved
63 Chinese red pandas. (https://m.gmw.cn/2022-11/03/content_1303185356.htm, last
retrieved on 15 December 2023). In some places in Nepal, locals used to catch wild Chinese
red pandas to sell to Western zoos [2,14].

Due to human activities such as poaching and habitat destruction, wild Chinese
red pandas have gradually become endangered, sparking widespread concern in the
international community. The International Union for the Conservation of Nature (IUCN)
has listed Chinese red panda as “Endangered”, and the Convention on International Trade
in Endangered Species of Wild Fauna and Flora (CITES) has listed it in Appendix I [15].
China passed the Wildlife Protection Law in 1988, and Chinese red pandas and other
species were listed as a national second-level key protected wild animal. According to
incomplete statistics, by 2020, China had established 50 nature reserves in the Chinese
red panda’s distribution area within a year, including 37 in Sichuan, 7 in Yunnan, and
6 in Tibet [16]. However, research on wild Chinese red pandas is currently limited to
aspects such as activity rhythms, habitat selection, foraging strategies, and suitable habitat
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distribution [8,9,17-19]. Compared with the celebrity species that is the giant panda, there
is less research on wild Chinese red pandas, and the ecological and biological knowledge
of this species is insufficient in terms of depth and breadth. Conducting research on this
species is of great significance in addressing the limitations of existing studies.

Habitat quality evaluation is not only an important means of assessing the survival
status of Chinese red pandas but also an important basis for formulating habitat protection
and management strategies; therefore, it is highly valued. Species distribution models
(SDMs), such as maximum entropy model (MaxEnt) and random forest model (RF), are
represent an important tool for evaluating the habitat quality of wild animals and have
high accuracy and stability. It has been widely used by researchers for habitat quality
assessment-related work [20,21]. The current quality assessment of the Chinese red panda’s
habitat mostly obtains habitat status information from the landscape scale, aiming to
understand the distribution and fragmentation degree of the Chinese red panda’s habitat,
and then propose protection and management suggestions for habitat distribution [22-24].
Understanding the change in the trend of Chinese red panda habitat quality is the premise
for formulating macro-management strategies for habitat. However, there is no research on
the spatiotemporal changes of the Chinese red panda’s habitat at present. In the current
context, characterized by adverse factors such as climate change and human activities
coexisting with conservation measures, understanding how the suitability of Chinese red
panda habitats is changing and identifying the factors influencing these changes has become
a key issue in the conservation and management of Chinese red panda populations and
their habitats. This study is based on the distribution of Chinese red panda populations
at different time scales and uses species distribution models to compare and analyze the
habitat quality of Chinese red pandas at different time scales, and clarify its changes and
analyze the causes. It provides a reference for guiding the conservation work of species,
and also provides a new idea for evaluating the effectiveness of biodiversity conservation
in the future.

2. Material and Methods
2.1. Study Area and Species Distribution Data

This study takes the mountains where the Chinese red panda is concentrated as the
research area. This area is not only a global biodiversity hotspot but also the only area
where the Chinese red panda and giant panda coexist [25]. Due to the barriers of mountains
and rivers, this area is divided into five independent mountains, namely the Minshan
mountains, Qionglai mountains, Xiaoxiangling mountains, Daxiangling mountains and
Liangshan mountains. There are two main reasons for choosing the five mountains with
sympatric distribution as the research area. On the one hand, it can use the data of sympatric
Chinese red pandas in the database of multiple giant panda resource surveys to analyze the
quality and change in the Chinese red panda’s habitat. On the other hand, it can also reflect
whether the sympatric species population and habitat have been effectively restored due to
the umbrella effect under the implementation of China’s long-term giant panda population
and habitat protection policies.

To monitor the survival status of giant panda populations, China has completed four
surveys of giant panda population resources in the research area. Among them, the third
and fourth surveys (3rd survey: 1998-2002; 4th survey: 2011-2014) [3,26] recorded in detail
the traces (such as feces, hair and foraging signs) of sympatric species at the sites where
giant pandas were distributed, which provided the necessary data support for this study to
carry out dynamic assessment of Chinese red panda habitat quality. A total of 378 records
of Chinese red panda presence were obtained during the third survey period, and the
distribution of trace sites were extended from the northern part of the Minshan mountains
to the southern part of the Liangshan mountains. A total of 726 records of the Chinese
red panda’s presence were obtained during the fourth survey period. Within the Minshan
mountains, except for the border area with the Qionglai mountains, no traces of Chinese
red pandas were found (Figure 1).
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Figure 1. Overview of the study area and distribution of Chinese red panda traces.

2.2. Environmental Factors

This study selected three major categories of ecological factors affecting the distri-
bution of Chinese red panda populations, namely climatic factors, land use factors, and
topographic factors, as the environmental variables for building the model (Table 1).
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Table 1. Environmental factors for assessment of Chinese red panda habitat suitability.
Factor Type Environmental Factors Description Unit
BIO1 Annual Mean Temperature °C
Climate BIO4 Temperature Seasonality -
BIO14 Precipitation of Driest Month mm
Terrai ELEVATION Mean Elevation m
erramn SLOPE Mean Slope °
Land FARMLAND Proportion of Cropland Area %
and Use FOREST Proportion of Forest Area %
ROAD Distance to Main Road m

Climatic factors: Climate change has been proven to be the main driving factor for
the current species distribution pattern and is an important environmental factor for
assessing habitat quality [27,28]. Bioclimatic variables were selected to participate in the
assessment of Chinese red panda habitat suitability. Monthly temperature and precipitation
measurement datasets came from the National Tibetan Plateau Scientific Data Center. The
data from 2000 and 2010 were selected to describe the climatic conditions at different
time periods because these two time points were consistent with the giant panda survey
time and could reflect the climatic conditions at the time of the survey. Both datasets
provided monthly grid data with a spatial resolution of 0.0083° (about 1 km). Based on
these data, 19 bioclimatic variables were created using the bioclim function in the R package
dismo (https:/ /CRAN.R-project.org/package=dismo, last retrieved on 13 December 2023)
following the steps described by Hijmans et al. [29].

Land use factors: Animals have different response mechanisms to different land use
types, either avoiding residential areas or relying on water bodies to build nests [30,31].
Therefore, we included the land use types of the study area into the environmental factor
dataset. The data came from the Chinese Academy of Sciences Resource and Environmental
Science and Data Center (CNLUCC; http:/ /www.resdc.cn, last retrieved on 26 December
2023) providing grid data with a spatial resolution of 1 km. The area coverage ratio of
six different land use types (farmland, forest, grassland, water, residential land, and other
land) were included in the dataset. The land use layers of 2000 and 2010 were overlaid to
the study area, and the proportion of each land use type was calculated. Road data came
from the first edition of the global road open access dataset (gROADS).

Topographic factors: Topographic factors such as elevation, slope, and distance to
roads can accurately describe the environment where species live and are commonly
used data in the habitat suitability evaluation of large- and medium-sized wild animals.
Elevation data came from the 30 m digital elevation model provided by NASA’s shuttle
radar topography mission (SRTM), and slope data were derived from the digital elevation
model (DEM). Since the topography of the study area did not change significantly in both
periods, the same set of topographic data was used for both periods.

The climatic, land use, and topographic factors were, respectively, collected into en-
vironmental factor datasets for assessing the habitat suitability of Chinese red pandas at
different time periods. Pearson correlation coefficients were used to screen the environmen-
tal variables at different time periods, and the variables with a higher ecological relevance
were selected for subsequent modeling when two variables were highly correlated (>0.80).
This method can reduce the multicollinearity between environmental variables and ensure
that the selected variable set is applicable to both periods. Finally, eight environmental
factors were retained for model building. All spatial analyses were performed using ArcGIS
10.5 (ESRI, 2016), and environmental factor correlation analysis was performed in R (R
version 4.3.1).
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2.3. Dynamic Assessment of Habitat Suitability at Multiple Spatiotemporal Scales

To evaluate the change in Chinese red panda habitat suitability, we extracted the
Chinese red panda population distribution data from the third and fourth national giant
panda survey datasets, respectively. To avoid model overfitting caused by spatial sampling
bias, we deleted duplicate records within a 1 km range and finally retained 214 and
309 records of Chinese red panda presence in the two periods, respectively. Analyzing
the habitat suitability of the Chinese red panda was conducted by using the distribution
data of Chinese red pandas at different time periods and the datasets of environmental
variables with the help of the MaxEnt model (version 3.3.3k). We randomly selected 75% of
the Chinese red panda distribution data in each period as the training set. The remaining
25% of the data were used as the validation set, and 10-fold cross-validation was used.
The average value of the 10 model output results was taken as the giant panda habitat
suitability index (HSI). This index has a probability value between 0 and 1; the closer it is
to 1 the more suitable the location is for the existence of the species, while the closer it is to
0 the less suitable it is.

The area under the receiving operator curve (AUC) was used to test the model fitting
goodness. The higher the AUC value is the better the model prediction ability is. If
AUC > 0.8, then it is considered that the model prediction result has accuracy. A map of
Chinese red panda habitat quality distribution was created at different time periods based
on the model prediction results. The habitat suitability change value (AHSI) was calculated
by subtracting the predicted HSI value in the fourth survey period from that in the third
survey period. AHSI was marked as higher than or less than 0 to indicate whether the
habitat suitability had increased or decreased.

2.4. Analysis of Habitat Suitability Decline in the Liangshan Mountains

A random forest (RF) model was used to analyze the causes of the decline in Chinese
red panda habitat suitability in the Liangshan mountains. We generated 1000 random
points within the Liangshan mountains and extracted the environmental factors and HSI
values of the random points in both periods. The data extracted in the fourth survey period
was subtracted from the same point data in the third survey period, and the data with
AHSI < 0 were retained as the dataset for analyzing habitat suitability decline in Liangshan.
AHSI was used as the response variable, and the environmental factor change values were
used as explanatory variables. Since it was assumed that topographic factors did not
change in both periods, they were not included in the RF model analysis. A total of 75%
of the dataset was randomly selected as the training set and the remaining 25% as the
validation set. The randomForest package was used to build a random forest model. The
importance of environmental factors was measured by %IncMSE, where a higher %IncMSE
indicated that the variable was more important for model building. The rfpermute package
was used to mark the significance level of each environmental factor. For environmental
factors with p < 0.05, their correlation relationship with the habitat suitability change value
was plotted to analyze how their changes affected habitat suitability decline. The random
forest model was built in R.

3. Results
3.1. Habitat Distribution and Habitat Suitability Dynamic Change at Different Time Scales

The average AUC values of the habitat suitability models in the third and fourth
survey periods were 0.943 and 0.912, respectively. The model AUC values were both higher
than 0.9 and could be used to evaluate the habitat suitability of Chinese red pandas at
different time periods.

The prediction model results show that during the two surveys, the suitable habitat
of the Chinese red panda was only distributed in the Qionglai Mountains, Daxiangling
Mountains, Xiaoxiangling Mountains, and Liangshan Mountains, among which the
Qionglai Mountains and Liangshan Mountains were the mountains where the suitable
habitat of the Chinese red panda was concentrated. Generally speaking, the suitable
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habitat of the Chinese red panda in Sichuan Province presents a belt-like distribution with
a high degree of fragmentation. Although the degree of fragmentation of the suitable
habitat of the Chinese red panda has decreased during the 10 years of the two surveys,
only the habitat patches of the Qionglai Mountains and Daxiangling Mountains show a
recovery trend from the perspective of the mountains, while the degree of fragmentation
of the habitat patches of the Liangshan Mountains and Xiaoxiangling Mountains has
increased (Figure 2, a).
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Figure 2. Distribution and change in pattern of the Chinese red panda’s habitat at different times.

As for the suitability and area of the suitable habitat, the suitability of the Chinese
red panda’s habitat in the study area showed varying degrees of increase during the two
surveys. The total suitable habitat area increased by 2452.89 km?, representing a 27.84%
increase compared with the Chinese red panda’s suitable habitat area during the third sur-
vey period. The suitable habitat area of the Qionglai Mountains increased by 1622.73 km?,
showing a 39.63% increase compared with the third survey period. Daxiangling’s and
Xiaoxiangling’s suitable habitat areas increased by 230.30 km? and 549.47 km?, respectively,
indicating increases of 27.78% and 55.53% compared with the third survey period. As one
of the primary distribution areas for the Chinese red panda, the suitable habitat area in the
Liangshan Mountains increased by 50.39 km?, marking a 1.74% increase compared with the
third survey period. (Table 2). However, the suitability of Chinese red panda habitats in the
Minshan mountains has decreased, and their suitable habitats are disappearing. Although
the Liangshan Mountains have shown an increase in suitable habitat areas, the suitability
of habitats in some parts of this region has significantly decreased (Figure 2, a).



Animals 2024, 14, 424 8 of 15
Table 2. Changes in suitable habitat area for Chinese red pandas at different times.

Mountains 3rd Survey Area  4th Survey Area AArea Relative Change
(km?) (km?) (km?) (%)
Minshan 0.00 0.00 0.00 0.00
Qionglai 4094.97 5717.70 1622.73 39.63
Daxiangling 828.92 1059.22 230.30 27.78
Xiangxiangling 989.47 1538.94 549.47 55.53
Liangshan 2898.68 2949.07 50.39 1.74
Total 8812.04 11,264.93 2452.89 27.84
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3.2. Analysis of Habitat Suitability Change in the Liangshan Mountains

The random forest model has a final interpretation of 63.64% for AHSI, which can be
used to analyze the reasons for the decline in habitat suitability in the central region of the
Liangshan Mountains. The model results show that BIO4, BIO1, and FARMALND have a
significant impact on the suitability of the habitats in the Liangshan Mountains (p < 0.05),
with relative importance of 17.64%, 14.22%, and 13.88%, respectively. However, BIO14 and
FOREST have no significant impact on the suitability of Chinese red panda habitats in the
Liangshan Mountains, with relative importance of 11.86 and 5.63%, respectively (Figure 3).

*k

10 15
%IncMSE

-
wn

Figure 3. Random Forest model environmental factor importance. BIO1: annual mean temperature;
BIO4: temperature seasonality; BIO14: precipitation of driest month; FARMLAND: proportion of
cropland area; FOREST: proportion of forest area. “**”: Significance, p < 0.01; “ns”: No significance.

The correlation test results of the important environmental factors and the habitat
suitability change value showed that the change value of BIO4 was positively correlated
with the decline in habitat suitability (R = 0.18), and the change values of BIO1 (R = —0.03)
and FARMLAND (R = —0.14) were negatively correlated with the decline in suitability
(Figure 4). This indicates that the increase in seasonal temperature difference, environmental
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temperature, and human activities drove the decline in Chinese red panda habitat suitability
in the Liangshan mountains.
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Figure 4. Relationship between environmental factor changes and habitat suitability changes. BIO1: an-
nual mean temperature; BIO4: temperature seasonality; FARMLAND: proportion of cropland area.

4. Discussion

Through the analysis of the field survey data of Chinese red pandas, it was found
that the suitable habitat for Chinese red pandas was mainly distributed in the Qionglai
mountains and Liangshan mountains. The habitat suitability of Chinese red pandas in
the study area generally showed different degrees of increases, and the suitable habitat
area expanded. However, the habitat suitability of Chinese red pandas in the Minshan
mountains declined, and the suitable habitat tended to disappear. Although the Liangshan
mountains showed an increase in habitat area, the habitat suitability in the central region
declined significantly due to human disturbance and climate change.

4.1. Habitat Change at Different Time Scales

A large number of studies have shown that the expansion in the range of human
activity is constantly compressing the living environment of wild animals [32-34]. The
global climate change caused by human activities is also exacerbating the loss of suitable
habitats for wild animals [35,36]. Under the current dual pressure of human activity and
climate change, the habitat suitability of wild animals generally declines [37-39]. Habitat
quality, especially for endangered wild animals with high environmental sensitivity, is
more likely to decline due to the negative impact of environmental change [40]. Our results
show that the habitat suitability of Chinese red pandas shows a general trend of increasing,
and the suitable habitat area shows a trend of expansion. The reason may be related to
the ecological restoration policies implemented by China in recent years. Since China
promulgated the “Law of the People’s Republic of China on the Protection of Wildlife”
in 1988, it has successively launched ecological protection projects such as “Returning
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Farmland to Forest Project” and “Natural Forest Protection Project”. At the same time,
Sichuan Province has also established a number of nature reserves with giant pandas as
the core protected animals, thus protecting giant pandas and their sympatric species from
human activities. Giant pandas and their habitats have been effectively protected, and their
population numbers have continued to grow [41]. Chinese red pandas are sympatric with
giant pandas, and their habitats may be positively affected by the umbrella effect. Wang
et al. (2021) confirmed that China’s protection work on giant pandas and their habitats
in the past few decades indirectly achieved the protection of sympatric species [42,43].
Therefore, we believe that the implementation of a series of protection policies has played a
positive role in the protection of Chinese red panda populations. Specifically, interference
control, the prohibition of logging, vegetation restoration, and other methods reduced
human activity’s interference and increased forest coverage [44], thereby improving habitat
suitability. Higher canopy cover can provide an ideal microclimate environment for un-
derstory species, such as an ideal temperature and relative humidity [20], thus offsetting
the impact of widespread climate change. In addition, canopy restoration conducive to the
better growth of bamboo forests and understory vegetation [4], thereby providing a stable
food source as well as shelter and protection [45,46].

Our analysis shows that macro policies promote the overall improvement of Chinese
red panda habitat suitability. However, the habitat suitability of the Minshan mountains
declined, and the suitable habitat tended to disappear. Habit disappearance in the Minshan
mountains was accompanied by the southward shrinkage of Chinese red panda population
distribution, and its northernmost distribution line moved from the northern part of the
Minshan mountains to the junction area between the southern part of these mountains and
the Qionglai mountains (Figure 1). Generally speaking, population distribution shrinkage
is a spatial change that occurs over time under the combined influence of stress factors
such as climate, human activities, and the physiological and ecological characteristics of
the species [47]. In the current reality scenario, if habitat suitability is generally improved
then the question of whether Chinese red pandas still face the risk of persistent population
distribution shrinkage becomes one that urgently needs to be answered.

Species often change their distribution to cope with the negative effects of environ-
mental change [48,49]. In recent decades, Chinese red pandas have not shown obvious
cluster migrations [5], so there is no evidence to prove that Chinese red pandas have
spontaneous population distribution changes. Climate factors are considered to be the key
factors driving global species distribution changes [50,51]. Studies have shown that global
warming has caused some populations to migrate to higher latitudes to adapt to the gradu-
ally rising environmental temperature [52]. However, the direction of Chinese red panda
population distribution shrinkage is that toward the low-latitude south. We believe that
climate change is not the key driving factor for Chinese red panda population shrinkage
because, for Chinese red pandas in the high mountain valleys of the Hengduan Mountains,
the environmental regulation function of the forest where their habitat is located can resist
the threat of external climate warming [53]. At the same time, adjusting the distribution
altitude has also been proven to be one of the ways for forest animals to adapt to changing
environments. This is consistent with the conclusion of the study on the distribution area
shrinkage of western black-crested gibbons (Nomascus concolor) [54]. In addition to climate
change, habitat destruction caused by human disturbance is considered to be an important
factor affecting species distribution [55]. Habitat degradation and fragmentation lead to
population fragmentation, thus forming isolated small populations [56,57]. Inbreeding
depression in isolated populations will reduce fertility, juvenile survival rate, and resistance
to disease. If they cannot recover or change their living environment through migration,
they may be limited by the minimum habitat patch area and minimum population size and
become locally extinct [56]. Due to the impact of past forest logging, hunting, and roads,
etc., the wildlife habitat in Sichuan Province is patchy. Taking giant pandas as an example,
habitat fragmentation has caused their wild populations to be cut off from each other, thus
forming 33 local populations of which 24 populations are at risk of extinction [58]. Giant
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pandas and Chinese red pandas are both food-specialized carnivores, and their habitat
environment and food resource selection have similarities [10,59,60]. Due to their close
ecological niche, they also suffer from similar environmental stress. It can be inferred
that Chinese red pandas in the Minshan mountains may have also experienced habitat
destruction and population fragmentation, forming isolated small populations that are
isolated from each other and are at a high risk of extinction [61] During the third survey, the
encounter rate of Chinese red panda traces in the Minshan mountains was extremely low
and the spatial span of the trace points was large (Figure 1), which support our inference. In
addition, a high level of inbreeding within isolated populations and external stress (such as
infectious diseases) are considered to be the main causes of local population extinction [62].
Therefore, we believe that past human disturbances, such as forest logging, hunting, in-
frastructure construction, etc., directly caused Chinese red panda habitat fragmentation in
the Minshan mountains, thus causing Chinese red panda populations to be separated and
isolated. The isolated, small Chinese red panda population in the Minshan mountains may
have become locally extinct due to rapid population decline. This also directly led to the
distribution shrinkage of Chinese red pandas at the landscape scale.

4.2. The Causes of Habitat Suitability Decline

From a wide scale, the habitat suitability of Chinese red pandas shows a general
trend of increase, but at a local scale, the habitat suitability of Chinese red pandas in the
Minshan and Liangshan mountains shows regional decline. For this reason, we explored
the causes of habitat suitability decline. However, this is not enough to support the
relevant analysis due to the small number of Chinese red panda trace points in the Minshan
mountains, so we only explored the causes of habitat suitability change in the Liangshan
mountains. Climate factors are usually considered to be the key indicators for assessing
habitat suitability and are also important factors for species occurrence [63]. Due to the high
vulnerability of endangered wildlife to climate change, they are more susceptible to climate
change [64,65]. In recent decades, the climate of giant panda and Chinese red panda habitats
has become warmer and drier, and this pattern of climate warming will continue [66]. This
is also the most critical driving factor for the dynamic change of population distribution
of sympatric species of giant pandas [67,68]. We found that climate change caused the
habitat suitability change of Chinese red pandas in the Liangshan mountains, which mainly
manifested itself through the increase in environmental temperature and the enhancement
of temperature seasonality in the habitat, which are consistent with the current direction
of climate change. In addition, related studies on Chinese red panda habitat selection
in the Himalayan region also showed that Chinese red pandas responded strongly to
temperature- and precipitation-related bioclimatic variables [69]. These studies support
the impact of climate change on Chinese red panda habitat suitability. However, on a
local scale, the habitat suitability change in the Liangshan mountains is opposite to the
trend at the landscape scale. Compared with the Qionglai, Daxiangling and Xiaoxiangling
mountains, the Liangshan mountains still suffered from the negative impact of climate
change under the implementation of ecological protection policies, thus indicating that the
Chinese red panda’s habitat in the Liangshan mountains has ecological fragility [47,48].
This may be related to the poor vegetation restoration status and long-term existence of
grazing and other human disturbances in the Liangshan mountains for many years. The
Liangshan mountains experienced a long period of forest logging and was one of the most
severely damaged areas [26]. In the 1980s, timber was an important economic resource
in the Liangshan mountains [70], and forest logging caused a sharp decline in vegetation
coverage in the Liangshan mountains. Although it has been restored by natural or artificial
intervention for many years, due to the regional dry climate and the single tree species
for restoration planting, most areas have a slow forest structure and function restoration
process and find it difficult to resist the negative impact of climate change. Although
various ecological protection projects were implemented after 2000 and forest logging was
prohibited, animal husbandry gradually replaced timber sales as the main source of income
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for some residents in the Liangshan mountains, which is the main disturbance to wildlife
habitats in the Liangshan mountains [71]. In addition, collection activities are also common
in the mountains [3]. Although there is no direct competition for food resources between
livestock and Chinese red pandas [14], grazing behavior will cause Chinese red pandas’
avoidance behavior [72,73], and grazing activities will also aggravate habitat degradation
through trampling [74,75]. In summary, grazing activities may be the main reason for
the decline in Chinese red panda habitat quality in the central region of the Liangshan
mountains. Due to the low vegetation coverage in some areas of Liangshan mountains,
climate change may also have a negative impact on the Chinese red panda’s habitat.

5. Conclusions

This study underscores the critical importance of dynamic species habitat research
in formulating effective conservation and management strategies. Chinese red pandas
predominantly inhabit the Qionglai and Liangshan mountains, with an overall increasing
trend in habitat suitability and expanded suitable areas. However, a concerning decline in
habitat suitability and the potential disappearance of the suitable habitat were observed
in the Minshan mountains. While global climate change and human activities, such as
ecological restoration policies, have contributed to the overall improvement in Chinese
red panda habitat suitability, local-scale challenges persist. Particularly in the central
region of the Liangshan mountains, negative impacts from human disturbances, notably
those from grazing activities, have led to a decline in habitat quality. Furthermore, the
local extinction of isolated Chinese red panda populations in the Minshan mountains has
resulted in distribution retreat.

6. Protection Management Proposal

Based on the research findings, we believe that the future conservation and manage-
ment of Chinese red panda habitats should be tailored according to the current conditions
of these habitats across different mountainous regions. For instance, in the Liangshan
Mountains, measures such as controlling grazing and other human disturbances should be
implemented. Additionally, ecological restoration through artificial interventions should
be undertaken to restore the structure and functionality of ecosystems and enhance habitat
quality. Given the decline in Chinese red panda populations in the Minshan mountains re-
gion due to local extinctions, we recommend reintroducing Chinese red pandas to facilitate
population recovery.

Author Contributions: Conceptualization, W.W. and Z.Z.; methodology, W.W.; validation, T.R,,
WW. and Z.Z.; formal analysis, T.R.; investigation, T.R.; resources, W.W.; data curation, T.R.;
writing—original draft preparation, T.R.; writing—review and editing, T.R.,, WW. and Z.Z.; vi-
sualization, not specified; supervision, H.Z.; project administration, H.Z.; funding acquisition, H.Z.
All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the National Natural Science Foundation of China (32370558)
and the Fundamental Research Funds of China West Normal University (22kE028).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Data are contained within the article.

Conflicts of Interest: The authors declare no conflicts of interest.

1. Hu, Y; Thapa, A,; Fan, H.; Ma, T.; Wu, Q.; Ma, S.; Zhang, D.; Wang, B.; Li, M.; Yan, L. Genomic evidence for two phylogenetic
species and long-term population bottlenecks in red pandas. Sci. Adv. 2020, 6, eaax5751. [CrossRef]

2. Choudhury, A. An overview of the status and conservation of the red panda Ailurus fulgens in India, with reference to its global
status. Oryx 2001, 35, 250-259. [CrossRef]

3. Chinese State Forestry Administration. Results of the Fourth National Survey on the Giant Panda; Science Press: Beijing, China, 2015.


https://doi.org/10.1126/sciadv.aax5751
https://doi.org/10.1046/j.1365-3008.2001.00181.x

Animals 2024, 14, 424 13 of 15

10.

11.
12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Thapa, A.; Aryal Prakash, C.; Singh Paras, B.; Shah Karan, B. The endangered red panda in Himalayas: Potential distribution and
ecological habitat associates. Glob. Ecol. Conserv. 2020, 21, e00890. [CrossRef]

Wei, F.; Feng, Z.; Wang, Z.; Hu, ]J. Current distribution, status and conservation of wild red pandas Ailurus fulgens in China. Biol.
Conserv. 1999, 89, 285-291. [CrossRef]

Wei, F.; Wang, Z.; Feng, Z.; Ming, L.; Ang, Z. Seasonal energy utilization in bamboo by the red panda (Ailurus fulgens). Zoo Biol.
2000, 19, 27-33. [CrossRef]

Zhang, 7Z.; Hu, ].; Han, Z.; Wei, E. Activity patterns of wild red pandas in Fengtongzhai Nature Reserve, China. Ital. ]. Zool. 2011,
78, 398-404. [CrossRef]

Wei, W.; Fuwen, W.; Jingchu, H.; Zuojian, F; Guang, Y. Habitat selection by red panda in Mabian Dafending Reserve. Acta Theriol.
Sin. 1998, 18, 15-20.

Wei, F,; Feng, Z.; Wang, Z.; Hu, J. Habitat use and separation between the giant panda and the red panda. J. Mammal. 2000,
81, 448-455. [CrossRef]

Wei, F; Feng, Z.; Wang, Z.; Li, M. Feeding strategy and resource partitioning between giant and red pandas. Mammalia 1999,
63, 417-430. [CrossRef]

Ledig, ET. Human impacts on genetic diversity in forest ecosystems. Oikos 1992, 63, 87-108. [CrossRef]

Sanchez-Cordero, V.; Illoldi-Rangel, P.; Escalante, T.; Figueroa, F; Rodriguez, G.; Linaje, M.; Sarkar, S. Deforestation and
biodiversity conservation in Mexico. Endanger. Spec. New Res. 2009, 1, 279-297.

Fox, J.; Yonzon, P.; Podger, N. Mapping conflicts between biodiversity and human needs in Langtang National Park, Nepal.
Conserv. Biol. 1996, 10, 562-569. [CrossRef]

Yonzon, P.B. Ecology and Conservation of the Red Panda in the Nepal Himalayas; The University of Maine: Orono, ME, USA, 1989.
Glatston, A.; Wei, E; Than, Z.; Sherpa, A. Ailurus fulgens. The IUCN Red List of Threatened Species. 2015. Available online:
https:/ /www.iucnredlist.org/species /714 /110023718 (accessed on 16 December 2023).

Yang, H.; Huang, Q.; Zhang, J.; Songer, M.; Liu, J. Range-wide assessment of the impact of china’s nature reserves on giant panda
habitat quality. Sci. Total Environ. 2021, 769, 145081. [CrossRef] [PubMed]

Pradhan, S.; Saha, G.K.; Khan, J.A. Ecology of the red panda Ailurus fulgens in the Singhalila National Park, Darjeeling, India. Biol.
Conserv. 2001, 98, 11-18. [CrossRef]

Wei, F,; Feng, Z.; Wang, Z.; Zhou, A.; Hu, J. Use of the nutrients in bamboo by the red panda (Ailurus fulgens). J. Zool. 1999,
248, 535-541. [CrossRef]

Zhang, Z.; Hu, J.; Yang, J.; Li, M.; Wei, F. Food habits and space-use of red pandas Ailurus fulgens in the Fengtongzhai Nature
Reserve, China: Food effects and behavioural responses. ActaTheriol. 2009, 54, 225-234. [CrossRef]

Thapa, A.; Hu, Y.; Wei, F. The endangered red panda (Ailurus fulgens): Ecology and conservation approaches across the entire
range. Biol. Conserv. 2018, 220, 112-121. [CrossRef]

Zhu, G,; Liu, G.; Bu, W.; Gao, Y. Ecological niche modeling and its applications in biodiversity conservation. Biodivers. Sci. 2013,
21,90-98.

Bhatta, M.; Zander, K.K.; Austin, B.J.; Garnett, S.T. Societal recognition of ecosystem service flows from red panda habitats in
Western Nepal. Mt. Res. Dev. 2020, 40, R50. [CrossRef]

Lowther, D.A. The first painting of the red panda (Ailurus fulgens) in Europe? Natural history and artistic patronage in early
nineteenth-century India. Arch. Nat. Hist. 2021, 48, 368-376. [CrossRef]

Su, H.; Bista, M.; Li, M. Mapping habitat suitability for Asiatic black bear and red panda in Makalu Barun National Park of Nepal
from Maxent and GARP models. Sci. Rep. 2021, 11, 14135. [CrossRef] [PubMed]

Wanghe, K.; Guo, X.; Hu, E; Ahmad, S.; Jin, X.; Khan, T.U.; Xiao, Y.; Luan, X. Spatial coincidence between mining activities
and protected areas of giant panda habitat: The geographic overlaps and implications for conservation. Biol. Conserv. 2020,
247,108600. [CrossRef]

Chinese State Forestry Administration. The Third National Survey Report of the Giant Panda in China; Science Press: Beijing,
China, 2006.

Morelle, K.; Lejeune, P. Seasonal variations of wild boar Sus scrofa distribution in agricultural landscapes: A species distribution
modelling approach. Eur. J. Wildl. Res. 2015, 61, 45-56. [CrossRef]

Telemeco, R.S.; Warner, D.A; Reida, M.K.; Janzen, EJ. Extreme developmental temperatures result in morphological abnormalities
in painted turtles (Chrysemys picta): A climate change perspective. Integr. Zool. 2013, 8, 197-208. [CrossRef] [PubMed]

Hijmans, R.J.; Cameron, S.E.; Parra, ].L.; Jones, P.G.; Jarvis, A. Very high resolution interpolated climate surfaces for global land
areas. Int. J. Climatol. 2005, 25, 1965-1978. [CrossRef]

Blair, R.B.; Launer, A.E. Butterfly diversity and human land use: Species assemblages along an urban grandient. Biol. Conserv.
1997, 80, 113-125. [CrossRef]

Sirami, C.; Caplat, P; Popy, S.; Clamens, A.; Arlettaz, R.; Jiguet, F.; Brotons, L.; Martin, J.L. Impacts of global change on species
distributions: Obstacles and solutions to integrate climate and land use. Glob. Ecol. Biogeogr. 2017, 26, 385-394. [CrossRef]
Ceballos, G.; Ehrlich, PR.; Dirzo, R. Biological annihilation via the ongoing sixth mass extinction signaled by vertebrate population
losses and declines. Proc. Natl. Acad. Sci. USA. 2017, 114, E6089-E6096. [CrossRef]

Laliberte, A.S.; Ripple, W.J. Range contractions of North American carnivores and ungulates. BioScience 2004, 54, 123-138.
[CrossRef]


https://doi.org/10.1016/j.gecco.2019.e00890
https://doi.org/10.1016/S0006-3207(98)00156-6
https://doi.org/10.1002/(SICI)1098-2361(2000)19:1%3C27::AID-ZOO3%3E3.0.CO;2-9
https://doi.org/10.1080/11250003.2011.563248
https://doi.org/10.1644/1545-1542(2000)081%3C0448:HUASBT%3E2.0.CO;2
https://doi.org/10.1515/mamm.1999.63.4.417
https://doi.org/10.2307/3545518
https://doi.org/10.1046/j.1523-1739.1996.10020562.x
https://www.iucnredlist.org/species/714/110023718
https://doi.org/10.1016/j.scitotenv.2021.145081
https://www.ncbi.nlm.nih.gov/pubmed/33486171
https://doi.org/10.1016/S0006-3207(00)00079-3
https://doi.org/10.1111/j.1469-7998.1999.tb01053.x
https://doi.org/10.4098/j.at.0001-7051.017.2008
https://doi.org/10.1016/j.biocon.2018.02.014
https://doi.org/10.1659/MRD-JOURNAL-D-19-00061.1
https://doi.org/10.3366/anh.2021.0728
https://doi.org/10.1038/s41598-021-93540-x
https://www.ncbi.nlm.nih.gov/pubmed/34238986
https://doi.org/10.1016/j.biocon.2020.108600
https://doi.org/10.1007/s10344-014-0872-6
https://doi.org/10.1111/1749-4877.12019
https://www.ncbi.nlm.nih.gov/pubmed/23731815
https://doi.org/10.1002/joc.1276
https://doi.org/10.1016/S0006-3207(96)00056-0
https://doi.org/10.1111/geb.12555
https://doi.org/10.1073/pnas.1704949114
https://doi.org/10.1641/0006-3568(2004)054[0123:RCONAC]2.0.CO;2

Animals 2024, 14, 424 14 of 15

34.

35.

36.

37.

38.

39.
40.

41.
42.

43.

44.

45.

46.
47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Huang, P; Bian, K; Huang, Z; Li, Q.; Dunn, D.W.; Fang, G.; Liu, J.; Wang, M.; Yang, X.; Pan, R. Human activities and elevational
constraints restrict ranging patterns of snub-nosed monkeys in a mountainous refuge. Integr. Zool. 2021, 16, 202-213. [CrossRef]
Pecl, G.T.; Aratjo, M.B.; Bell, ].D.; Blanchard, J.; Bonebrake, T.C.; Chen, L.-C.; Clark, T.D.; Colwell, R.K.; Danielsen, F; Evengérd, B.
Biodiversity redistribution under climate change: Impacts on ecosystems and human well-being. Science 2017, 355, eaai9214.
[CrossRef] [PubMed]

Sunday, J.M.; Bates, A.E.; Dulvy, N.K. Thermal tolerance and the global redistribution of animals. Nat. Commun. 2012, 2, 686—-690.
[CrossRef]

Abrahms, B.; Carter, N.H.; Clark-Wolf, T.; Gaynor, K.M.; Johansson, E.; McInturff, A.; Nisi, A.C.; Rafiq, K.; West, L. Climate
change as a global amplifier of human-wildlife conflict. Nat. Commun. 2023, 13, 224-234. [CrossRef]

Thomas, C.D.; Cameron, A.; Green, R.E.; Bakkenes, M.; Beaumont, L.J.; Collingham, Y.C.; Erasmus, B.F.; De Siqueira, M.F;
Grainger, A.; Hannah, L. Extinction risk from climate change. Nature 2004, 427, 145-148. [CrossRef] [PubMed]

Mainka, S.A.; Howard, G.W. Climate change and invasive species: Double jeopardy. Integr. Zool. 2010, 5, 102-111. [CrossRef]
Li, X.; Hu, W,; Bleisch, W.V,; Li, Q.; Wang, H.; Lu, W,; Sun, J.; Zhang, E; Ti, B.; Jiang, X. Functional diversity loss and change in
nocturnal behavior of mammals under anthropogenic disturbance. Conserv. Biol. 2022, 36, €13839. [CrossRef]

Zhang, Y.; Wang, M.; Li, ]. The impact of ecological protection projects on giant panda habitats. Acta. Ecol. Sin. 2011, 31, 154-163.
Wang, F.; Winkler, J.; Vina, A.; McShea, W.].; Li, S.; Connor, T.; Zhao, Z.; Wang, D.; Yang, H.; Tang, Y. The hidden risk of using
umbrella species as conservation surrogates: A spatio-temporal approach. Biol. Conserv. 2021, 253, 108913. [CrossRef]

Gao, H.; Guan, T;; Zhu, D; Li, W,; Zhou, E; Zhao, D.; Li, C.; Zhang, L. Assessment of effective conservation of the Sichuan takin
by giant panda reserves through functional zoning. Integr. Zool. 2020, 15, 558-568. [CrossRef] [PubMed]

Palik, B.J.; Goebel, P.C.; Kirkman, L.K.; West, L. Using landscape hierarchies to guide restoration of disturbed ecosystems. Ecol.
Appl. 2000, 10, 189-202. [CrossRef]

Bista, D.; Shrestha, S.; Sherpa, P; Thapa, G.J.; Kokh, M.; Lama, S5.T.; Khanal, K.; Thapa, A.; Jnawali, S.R. Distribution and habitat
use of red panda in the Chitwan-Annapurna Landscape of Nepal. PLoS ONE 2017, 12, e0178797. [CrossRef]

Yonzon, P.B.; Hunter, M.L., Jr. Conservation of the red panda Ailurus fulgens. Biol. Conserv. 1991, 57, 1-11. [CrossRef]

Li, Y,; Rao, T,; Gai, L.; Price, M.L.; Yuxin, L.; Jianghong, R. Giant pandas are losing their edge: Population trend and distribution
dynamic drivers of the giant panda. Glob. Change Biol. 2023, 29, 4480—4495. [CrossRef]

Nielsen, E.S.; Henriques, R.; Beger, M.; von der Heyden, S. Distinct interspecific and intraspecific vulnerability of coastal species
to global change. Glob. Change Biol. 2021, 27, 3415-3431. [CrossRef] [PubMed]

Zhang, Z.; Sheppard, ].K.; Swaisgood, R.R.; Wang, G.; Nie, Y.; Wei, W.; Zhao, N.; Wei, F. Ecological scale and seasonal heterogeneity
in the spatial behaviors of giant pandas. Integr. Zool. 2014, 9, 46-60. [CrossRef] [PubMed]

Pigot, A.L.; Merow, C.; Wilson, A.; Trisos, C.H. Abrupt expansion of climate change risks for species globally. Nat. Ecol. Evol.
2023, 7, 1060-1071. [CrossRef]

Schultz, E.L.; Hiilsmann, L.; Pillet, M.D.; Hartig, F,; Breshears, D.D.; Record, S.; Shaw, ].D.; DeRose, R.J.; Zuidema, P.A.; Evans,
M.E. Climate-driven, but dynamic and complex? A reconciliation of competing hypotheses for species’ distributions. Ecol. Lett.
2022, 25, 38-51. [CrossRef]

Lenoir, J.; Bertrand, R.; Comte, L.; Bourgeaud, L.; Hattab, T.; Murienne, J.; Grenouillet, G. Species better track climate warming in
the oceans than on land. Nat. Ecol. Evol. 2020, 4, 1044-1059. [CrossRef]

De Frenne, P; Lenoir, J.; Luoto, M.; Scheffers, B.R.; Zellweger, E.; Aalto, J.; Ashcroft, M.B.; Christiansen, D.M.; Decocq, G.; De
Pauw, K. Forest microclimates and climate change: Importance, drivers and future research agenda. Glob. Change Biol. 2021,
27,2279-2297. [CrossRef]

Yang, L.; Shi, K.; Ma, C.; Ren, G.; Fan, P. Mechanisms underlying altitudinal and horizontal range contraction: The western black
crested gibbon. J. Biogeogr. 2021, 48, 321-331. [CrossRef]

Dong, F.; Zhang, Q.; Chen, Y.L.; Lei, EM.; Li, S.H.; Wu, F; Yang, X.J. Potential millennial-scale avian declines by humans in
southern China. Glob. Change Biol. 2022, 28, 5505-5513. [CrossRef] [PubMed]

Fourcade, Y.; WallisDeVries, M.E,; Kuussaari, M.; van Swaay, C.A.; Heliol4, J.; Ockinger, E. Habitat amount and distribution
modify community dynamics under climate change. Ecol. Lett. 2021, 24, 950-957. [CrossRef] [PubMed]

Kong, L.; Xu, W.; Xiao, Y.; Pimm, S.L.; Shi, H.; Ouyang, Z. Spatial models of giant pandas under current and future conditions
reveal extinction risks. Nat. Ecol. Evol. 2021, 5, 1309-1316. [CrossRef] [PubMed]

Xu, Y; Yang, B.; Dai, Q.; Pan, H.; Zhong, X.; Ran, J.; Yang, X.; Gu, X;; Yang, Z.; Qi, D. Landscape-scale giant panda conservation
based on metapopulations within China’s national park system. Sci. Adv. 2022, 8, eabl8637. [CrossRef] [PubMed]

Lei, W.; Wei, W.; Pu, D.; Qubi, S.; Zhou, H.; Hong, M.; Tang, J.; Han, H. Comparative analysis of trophic niche using stable
isotopes provides insight into resource use of giant pandas. Integr. Zool. 2023, 10, 1-12. [CrossRef] [PubMed]

Shan, L.; Wu, Q.; Wang, L.; Zhang, L.; Wei, F. Lineage-specific evolution of bitter taste receptor genes in the giant and red pandas
implies dietary adaptation. Integr. Zool. 2018, 13, 152-159. [CrossRef] [PubMed]

MacKenzie, D.I.; Nichols, J.D.; Hines, J.E.; Knutson, M.G.; Franklin, A.B. Estimating site occupancy, colonization, and local
extinction when a species is detected imperfectly. Ecol. Evol. 2003, 84, 2200-2207. [CrossRef]

Von Seth, J.; Dussex, N.; Diez-del-Molino, D.; Van Der Valk, T.; Kutschera, V.E.; Kierczak, M.; Steiner, C.C.; Liu, S.; Gilbert, M.T.P;
Sinding, M.-H.S. Genomic insights into the conservation status of the world’s last remaining Sumatran rhinoceros populations.
Nat. Commun. 2021, 12, 2393. [CrossRef]


https://doi.org/10.1111/1749-4877.12490
https://doi.org/10.1126/science.aai9214
https://www.ncbi.nlm.nih.gov/pubmed/28360268
https://doi.org/10.1038/nclimate1539
https://doi.org/10.1038/s41558-023-01608-5
https://doi.org/10.1038/nature02121
https://www.ncbi.nlm.nih.gov/pubmed/14712274
https://doi.org/10.1111/j.1749-4877.2010.00193.x
https://doi.org/10.1111/cobi.13839
https://doi.org/10.1016/j.biocon.2020.108913
https://doi.org/10.1111/1749-4877.12433
https://www.ncbi.nlm.nih.gov/pubmed/32301269
https://doi.org/10.1890/1051-0761(2000)010[0189:ULHTGR]2.0.CO;2
https://doi.org/10.1371/journal.pone.0178797
https://doi.org/10.1016/0006-3207(91)90104-H
https://doi.org/10.1111/gcb.16805
https://doi.org/10.1111/gcb.15651
https://www.ncbi.nlm.nih.gov/pubmed/33904200
https://doi.org/10.1111/1749-4877.12030
https://www.ncbi.nlm.nih.gov/pubmed/24447661
https://doi.org/10.1038/s41559-023-02070-4
https://doi.org/10.1111/ele.13902
https://doi.org/10.1038/s41559-020-1198-2
https://doi.org/10.1111/gcb.15569
https://doi.org/10.1111/jbi.13998
https://doi.org/10.1111/gcb.16289
https://www.ncbi.nlm.nih.gov/pubmed/35665575
https://doi.org/10.1111/ele.13691
https://www.ncbi.nlm.nih.gov/pubmed/33694308
https://doi.org/10.1038/s41559-021-01520-1
https://www.ncbi.nlm.nih.gov/pubmed/34312523
https://doi.org/10.1126/sciadv.abl8637
https://www.ncbi.nlm.nih.gov/pubmed/35905183
https://doi.org/10.1111/1749-4877.12765
https://www.ncbi.nlm.nih.gov/pubmed/37814789
https://doi.org/10.1111/1749-4877.12291
https://www.ncbi.nlm.nih.gov/pubmed/29168616
https://doi.org/10.1890/02-3090
https://doi.org/10.1038/s41467-021-22386-8

Animals 2024, 14, 424 15 of 15

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Pearson, R.G.; Dawson, T.P. Predicting the impacts of climate change on the distribution of species: Are bioclimate envelope
models useful? Glob. Ecol. Biogeogr. 2003, 12, 361-371. [CrossRef]

Nadeau, C.P; Urban, M.C.; Bridle, ].R. Climates past, present, and yet-to-come shape climate change vulnerabilities. Trends Ecol.
Evol. 2017, 32, 786-800. [CrossRef]

Li, Y.; Cohen, ].M.; Rohr, J.R. Review and synthesis of the effects of climate change on amphibians. Integr. Zool. 2013, 8, 145-161.
[CrossRef]

Meehl, G.A.; Tebaldi, C. More intense, more frequent, and longer lasting heat waves in the 21st century. Science 2004, 305, 994-997.
[CrossRef]

Zhang, J.; Pan, S.; Che, Q.; Wei, W.; Zhao, X.; Tang, J. Impacts of climate change on the distributions and diversity of the giant
panda with its sympatric mammalian species. Ecol. Indic. 2022, 144, 109452. [CrossRef]

Nicholson, J.M.; Van Manen, ET. Using occupancy models to determine mammalian responses to landscape changes. Integr. Zool.
2009, 4, 232-239. [CrossRef] [PubMed]

Thapa, A.; Wu, R.; Hu, Y; Nie, Y,; Singh, P.B.; Khatiwada, ].R.; Yan, L.; Gu, X.; Wei, E. Predicting the potential distribution of the
endangered red panda across its entire range using MaxEnt modeling. Ecol. Evol. 2018, 8, 10542-10554. [CrossRef] [PubMed]
Fan, L.; Dong, L.; Zhang, S.; Ran, J.; Yue, B. Landscape pattern of giant panda habitat in the Liangshan Mountains, Sichuan, China.
Chines. J. Appl. Environ. Biol. 2010, 16, 179-184. [CrossRef]

Li, C,; Connor, T.; Bai, W.; Yang, H.; Zhang, J.; Qi, D.; Zhou, C. Dynamics of the giant panda habitat suitability in response to
changing anthropogenic disturbance in the Liangshan Mountains. Biol. Conserv. 2019, 237, 445-455. [CrossRef]

Rong, Z.; Zhou, H.; Wei, W.; Zhang, J.; Sheng, L.; Zhang, Z. Giant panda habitat suitability assessment in Tangjiahe Nature
Reserve based on MAXENT model. J. Lanzhou. Univ. 2017, 53, 269-273.

Sun, Y.; Wang, S.; Feng, J.; Ge, J.; Wang, T. Free-ranging livestock changes the acoustic properties of summer soundscapes in a
Northeast Asian temperate forest. Biol. Conserv. 2023, 283, 110-123. [CrossRef]

Du Preez, PJ.; Brown, L.R. Impact of domestic animals on ecosystem integrity of Lesotho high altitude peatlands. Ecosyst. Bodivers.
2011, 12, 249-270.

McChesney, G.J.; Tershy, B.R. History and status of introduced mammals and impacts to breeding seabirds on the California
Channel and northwestern Baja California Islands. Col. Waterbirds 1998, 21, 335-347. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1046/j.1466-822X.2003.00042.x
https://doi.org/10.1016/j.tree.2017.07.012
https://doi.org/10.1111/1749-4877.12001
https://doi.org/10.1126/science.1098704
https://doi.org/10.1016/j.ecolind.2022.109452
https://doi.org/10.1111/j.1749-4877.2009.00159.x
https://www.ncbi.nlm.nih.gov/pubmed/21392293
https://doi.org/10.1002/ece3.4526
https://www.ncbi.nlm.nih.gov/pubmed/30464826
https://doi.org/10.3724/SP.J.1145.2010.00179
https://doi.org/10.1016/j.biocon.2019.07.018
https://doi.org/10.1016/j.biocon.2023.110123
https://doi.org/10.2307/1521646

	Instruction 
	Material and Methods 
	Study Area and Species Distribution Data 
	Environmental Factors 
	Dynamic Assessment of Habitat Suitability at Multiple Spatiotemporal Scales 
	Analysis of Habitat Suitability Decline in the Liangshan Mountains 

	Results 
	Habitat Distribution and Habitat Suitability Dynamic Change at Different Time Scales 
	Analysis of Habitat Suitability Change in the Liangshan Mountains 

	Discussion 
	Habitat Change at Different Time Scales 
	The Causes of Habitat Suitability Decline 

	Conclusions 
	Protection Management Proposal 
	References

