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The giant panda (Ailuropoda melanoleuca) is a special rare and endangered

species in China and is the flagship species for global biodiversity

conservation. This study used different methods including Kernel density,

statistical analysis, and logistic regression analysis to investigated the spatial

distribution, migration in different seasons and different distribution areas,

as well as the foraging patch selection strategies of wild giant pandas in

Meigu Dafengding National Nature Reserve in the Liangshan Mountains.

The results demonstrated that, in the study area, giant pandas were mainly

distributed in the Wahei-Yizi Yakou Habitat Corridor with an activity area of

144.93 km2, which accounted for 28.59% of the whole reserve. The core

distribution area of the species was 92.07 km2 and the population density

was 0.24 pcs km−2. There were two significant seasonal domains for the

activities of giant pandas: the low-altitude winter habitat of Yushania maculata

Yi and Yushania ailuropodina Yi bamboo species, as well as the high-altitude

summer habitat of Bashania fangiana species. With seasonal changes, giant

pandas migrated among different bamboo distribution regions. Giant pandas

were mainly distributed in high-altitude areas that had secondary forest,

tall trees with a large diameter at breast height (DBH) and bamboo forest.

The spatial distribution pattern and microhabitat selection of giant pandas in

Meigu Dafengding National Nature Reserve were determined. The findings

of this study provide scientific implications for the local conservation and

management of the habitat of wild giant pandas.
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Introduction

The relationship between animals and habitat is an

important component of wild animal ecology. Habitat selection

is not only the dynamic selection behaviour and process of

an animal in determining a more appropriate habitat but also

reveals the animal’s preferences for a specific habitat. Hence,

habitat selection is extremely important to the reproduction

and survival of species (Johnson, 1980; Shang, 1998). Now,

fragmentation and the loss of habitat are major threats to

biodiversity and may lead to species extinction (Hanski, 2011;

Wei et al., 2015; Almasieh et al., 2019; Kaboodvandpour et al.,

2021; Mohammadi et al., 2022). Microhabitats—small patches

within habitat—have a smaller range and are of significant

research interest. Microhabitat research depends on data within

specific patches rather than data across the whole habitat. Data

in specific patches are more accurate, intuitive and authentic,

and can often better reflect problems than whole-habitat data

(Zhang, 2021).

Understanding the spatial and temporal habitat uses of

animals is one of the core problems in ecology. The dynamic

conditions of population are directly related to the space use

and movement of individuals because of internal or external

pressures in species (Kernohan et al., 2001). Space use refers

to the environmental resource utilization mode and activity

pattern of wild animals in a habitat and it influences gene

exchange and survival development among population. It

is not only the core aspect of animal ecology but is also

the theoretical basis for biodiversity conservation (Rosenberg

and McKelvey, 1999; Van Beest et al., 2010). The spatial

utilization characteristics of wild animals not only determine

the distribution patterns of species but can also reflect the

characteristics of suitable habitats (Hull et al., 2015; Bai, 2017).

The giant panda (Ailuropoda melanoleuca) is a rare and

endangered species in China and also the global symbol of

biodiversity conservation in the world. Since the 20th century,

China has made great efforts to protect giant pandas, including

by building and improving natural reserves, “the National

Forest Conservation Programs,” “the Grain to Green,” and

“the wildlife and nature reserve construction project,” etc. The

implementation of these ecological measures has improved the

survival of wild giant panda (Wei et al., 2020). According to the

4th national survey report on giant panda in China, the habitat

of the wild species is 25,800 km2, with a wild population of

1,864. The IUCN Red List of Threatened Species has adjusted

giant panda from “Endangered” to “Vulnerable.” Although the

species’ habitat area and population have been recovered to

some extent, wild giant panda still face various threats such as

global climate change, serious habitat fragmentation caused by

human interference, etc. Habitat conservation is still the primary

task underpinning the continuous recovery of wild giant pandas

(Wei, 2015; Qing et al., 2016; Xu et al., 2017; Swaisgood et al.,

2018). Therefore, studying the spatial distribution and habitat

selection of giant pandas by choosing appropriate temporal and

spatial scales and research methods is conducive to obtaining a

deep understanding of the space-use characteristics and habitat

utilization mode of the species.

Meigu Dafengding National Nature Reserve, in the

Liangshan Mountains, is in the core distribution zone of giant

pandas. The key habitat is theWahei-Yizi Yakou corridor, which

connects local protection zones and is key to communication

between the eastern and western giant panda populations.

Monitoring the distribution of giant panda in the study area

and habitat conditions is of significance for protecting local

species and even species and habitat conservation in Sichuan

Province and around China (Zhou et al., 2013; Qing, 2016).

Large- and fine-scale studies on the spatial behaviour and

foraging patch selection strategies of wild giant pandas in

the Liangshan Mountains were carried out using RS and GIS

technologies. This study was carried out with the aims of (1)

The population distribution density in the study area was

calculated, (2) It reveals that giant pandas have independent

areas of activity in different seasons, (3) The habitat selection

behaviour and habitat utilisation mode of giant pandas in the

Meigu Dafengding National Nature Reserve were determined.

Our study provides a scientific implication to assist in the

formulation of local conservation strategies for wild giant

pandas.

Research methods

Study area

Meigu Dafengding National Nature Reserve (102◦52′–

103◦20′E, 28◦30′–28◦50′N) is in the northeast region of

Meigu County, Liangshan Yi Autonomous Prefecture, Sichuan

Province. It belongs to the southeast edges of the Qinghai-

Tibet Plateau and has an altitude range of 1356–3998 m.

It covers a total area of 50655 hm2. According to the

4th national survey report on giant panda in China, there

were 23 giant pandas in the Meigu Dafengding National

Nature Reserve (Figure 1). The reserve has a mid-subtropical

monsoon humid climate and comprises low- and high-

altitude mountainous areas. It has low-latitude plateau climatic

characteristics, with a small annual temperature ranger and

large diurnal range. The reserve includes some complicated

terrain. Regarding the vertical zonation of vegetation, there

is evergreen broad-leaf forest, evergreen–defoliation–broad-leaf

mixed forest, coniferous and broad-leaf mixed forest, subalpine

coniferous forest and alpine shrub-meadow from low altitude

to high altitude. There are seven major bamboo species in the

MeiguDafengdingNational Nature Reserve, including Bashania

fangiana, Yushania ailuropodina Yi, Yushania dafengdingensis,

Yushania brevipaniculata, Yushania maculata Yi, Yushania

mabianensis, and so on (Yi, 1997).
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FIGURE 1

Distribution map of Meigu Dafengding National Nature Reserve and population distribution sites of the giant pandas.

Data collection

A total of 112 square monitoring grids (2 km2) were

set uniformly in the migration corridor and core distribution

zone of the study area from 2017 to 2019. In each grid, a

survey line was set randomly depending on the landforms,

vegetation conditions, bamboo distribution conditions, altitude

and ecological habits of giant pandas. This enabled the

population density of giant pandas and habitat utilisation to

be investigated. In this study, individual giant pandas were

monitored, while activity traces and activity sites were also

collected and recorded. Once a transect point of a giant

panda was discovered, a 1 m2 bamboo plot and 20 × 20 m

habitat survey plot was set, centred at this point. Whereafter,

at the centre of each 100 m2 quadrant within the 400-

m2 square plot, an additional 1 m2 bamboo plot was also

sampled. Additionally, control plots were set in regions without

giant pandas activity and distribution to reflect environmental

background information. The plot setting was according to the

method proposed byWei et al. (2000) and Zhang et al. (2004). In

each 20× 20 m habitat and control plot, ecological niche factors

that reflected the habitat structure, upper forest layer, arboreous

layer, shrub layer, bamboo layer and food resource abundance

distribution and nutritional quality were collected and analysed,

including the longitude, latitude, altitude, slope, canopy density,

coverage, bamboo density, etc. (Table 1).

Data processing

Kernel density estimation (KDE) is based on the possibility

that an event may occur at any position within a certain spatial
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TABLE 1 Description and definitions of variables in the study.

Microhabitat variable Description and definitions

Altitude (m) Elevation at sites where control or microhabitat plots were established

Slope Slope at sites where control or microhabitat plots were established

Slope shape Slope shape at sites where control or microhabitat plots were established

Exposure Exposure at sites where control or microhabitat plots were established

Slope gradient Slope gradient where control or microhabitat plots were established

Distance to headwater Distance between centre of the tree plot and a flowing stream

Headwater types Rivers, lakes, reservoirs

Vegetation type Coniferous forest, Broadleaf forest, or Mixed forest

Canopy density Canopy of overstory in each control or microhabitat plot

Tree height Average height of trees in 400 m2 square plot

DBH of trees Average diameter of trees at the breast height in 400 m2 square plot

Origin of community Primeval and secondary forest

Shrub coverage Coverage of understory in each control or microhabitat plot, not including bamboos

Shrub height Average height of shrubs in 400 m2 square plot

Bamboo species Bamboo species of bamboos for five 1.0 m2 square plots in each control or microhabitat plot

Bamboo coverage Average coverage of bamboos in each control or microhabitat plot

Bamboo height Average height of bamboos for five 1.0 m2 square plots in each control or microhabitat plot

Bamboo growth conditions Average Bamboo growth conditions of bamboos for five 1.0 m2 square plots in each control or microhabitat plot

Bamboo growth type Average Bamboo growth type of bamboos for five 1.0 m2 square plots in each control or microhabitat plot

Foraging conditions Average Foraging conditions of bamboos for five 1.0 m2 square plots in each control or microhabitat plot

range. However, the probability at different geographic positions

is different. If an event occurs many times in a region, this event

is considered as having a high frequency of occurrence in this

region. Otherwise, it has a low frequency of occurrence. KDE

is a probability model method and the non-parametric home

domain estimation based on spatial distribution can distinguish

the utilization intensity of animals in different spaces (Powell,

2000; Kernohan et al., 2001; Laver and Kelly, 2008). In this study,

KDE was chosen to estimate the home domain distribution of

giant pandas in the study area. Each activity site was entered

into the ArcGIS (10.5) software to analyse the activity range of

the species, calculate the distribution density and home domain

differentiation with seasons, and determine driving factors that

influenced the population migration.

A total of 1,280 monitoring plots were investigated,

including 414 plots related to habitat selection by giant pandas

and 866 control plots. Ecological niche factors which include

longitude, latitude, altitude, slope, canopy density, coverage,

bamboo density, etc., were collected and tested in each habitat

and control plots. These habitat selection and ecological niche

factor data were input into Excel for the relevant conversions.

Following conversion, data were input into SPSS13.0 for

normality testing via the one-sample K-S test. Data that

conformed to a normal distribution was tested through one-way

analysis of variance (ANOVA) and data that did not conform

to a normal distribution was tested by the Mann–Whitney U

test. Additionally, the utilization modes of habitat selection by

giant pandas were determined through correlation analysis and

logistic regression analysis (LRA). Among, Logistic regression

analysis is a common method to analyse the complicated

correlations between binary response variables (e.g., life or

death, being or not being) and independent variables. To ensure

the independence of variables in the logistic regression analysis,

correlation analysis between any two variables is carried out.

If the correlation coefficient between two variables is higher

than 0.5, it is believed that these two variables contain roughly

the same information; in this case, only the variable with more

important biological significance is retained in the follow-up

logistic regression analysis. The Pearson correlation analysis was

chosen for data with normal distribution and the Spearman

correlation analysis for data with abnormal distribution.

Results

A total of 112 survey routes were completed from 2017 to

2019, covering a total length of 251.76 km. In the survey, 274

trajectory sites of giant pandas were discovered in 82 survey

grids. Specifically, there were 169 transects sites in the 48 grids

in the corridor region, accounting for 43% of all survey grids in

the corridor. There were also 10 transect sites in 10 grids outside

of the corridor. The transect density of giant pandas was highest

in the grid of forests on the Yizi River Dike. In this forest, feces

and foraging traces were the two major types of trace observed

in grids, including 176 feces, 85 foraging traces, five foot traces,

five sleeping traces, two hair traces, and one cave trace.
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FIGURE 2

Core distribution zones of giant pandas in the study area.

Distribution range and density analysis

According to the ArcGIS analysis, the giant panda density

was relatively concentrated in the Meigu Dafengding National

Nature Reserve. In the corridor region, there were two zones

with frequent giant panda activity: from the Yizi Yakou at the

Meigu-Ebian border to the Dueryida Area and Zhuluyifu Area.

In the Maohongjue Forest area, a new activity corridor of giant

panda was discovered, in which 12 grids were set. Among

these, 18 transects of giant pandas were discovered in 10 grids,

accounting for 83% of all grids in the zone. In this region, no

giant panda activity had been discovered since 2008, indicating

that the local environment had been effectively protected and

had become another habitat for giant panda.

In the Meigu Dafengding National Nature Reserve, the

giant panda population was mainly distributed at the Hongxi

Conservation Station, Weiheluo Conservation Station and

Wahei-Yizi YakouHabitat Corridor. These areas accommodated

more than 90% of giant panda individuals. There was almost

no giant panda distribution and activity in the Lanlong

Conservation Station, Longwo Conservation Station, Shuwo

Conservation Station, and Bingtu Conservation Station. The

total activity area was 144.93 km2, which accounted for 28.59%

of the whole reserve area. Most of these areas are in the core

area of the reserve, which is also within the suitable habitat and

potentially suitable habitat scope for giant panda (Figure 1). For

the Dafengding area, which has the largest area in the reserve,

there has been no distribution of giant panda since the third

national survey in 2002.

Additionally, the population density and core distribution

area of giant pandas in the Meigu Dafengding National Nature

Reserve were analysed. The results showed that the kernel
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FIGURE 3

Seasonal activity sites of giant pandas in the study area.

TABLE 2 Comparison of variables in habitat selection plots and control plots in the study area by analysis of variance (ANOVA) and Mann–Whitney

U tests.

Microhabitat variable Habitat selection plot Control plot ANOVA Mann–Whitney test

Mean (SD) Mean (SD) F (p) U (p)

Altitude 2895.91 (337.29) 2754.61 (389.69) 40.04 (0.00***)

Slope 3.86 (1.72) 3.66 (1.77) 167424 (0.10)

Slope shape 2.88 (0.43) 2.85 (0.42) 171173 (0.17)

Exposure 4.38 (2.48) 4.39 (2.34) 176528 (0.97)

Slope gradient 2.32 (0.70) 2.29 (0.62) 172942 (0.44)

Distance to headwater 36.19 (7.20) 33.52 (4.34) 177051 (0.68)

Headwater types 3.30 (1.02) 3.49 (0.95) 97888 (0.00***)

Vegetation type 8.67 (2.42) 7.86 (2.74) 139701 (0.00***)

Canopy density 2.45 (0.64) 2.39 (0.61) 2.76 (0.97)

Tree height 16.36 (5.47) 14.45 (4.96) 35.70 (0.00***)

DBH of trees 24.08 (12.39) 21.93 (10.42) 9.95 (0.01**)

Origin of community 2.16 (0.66) 2.30 (0.57) 156679 (0.00***)

Shrub coverage 3.03 (0.69) 2.93 (0.75) 163905 (0.04*)

Shrub height 4.06 (2.43) 4.13 (2.74) 0.15 (0.70)

Bamboo species 4.63 (1.17) 4.84 (0.94) 155816 (0.01**)

Bamboo coverage 2.8 (0.82) 2.58 (0.10) 146994 (0.00***)

Bamboo height 2.81 (1.01) 2.95 (0.94) 6.20 (0.13)

Bamboo growth conditions 1.99 (0.09) 2.00 (0.10) 173451 (0.53)

Bamboo growth type 3.00 (0.00) 2.98 (0.16) 172017 (0.04*)

Foraging conditions 2.10 (1.32) 3.81 (0.72) 29812 (0.00***)

*p < 0.05, **p < 0.01, ***p < 0.001.
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domain area of Conservation Station was 92.07 km2, which was

concentrated in the Wahei-Yizi Yakou Corridor. The highest

distribution density was in the Hongxi Conservation Station,

followed by that near the Weiheluo Conservation Station. The

distribution density of giant pandas in the whole reserve was

only 0.24 pcs km−2, which was far lower than the capacity

threshold (Figure 2).

Seasonal migration

According to the analysis of the activity regions and

distribution range of giant pandas in different seasons, two

significant seasonal home domains were identified in the

reserve. For most of the year (spring, autumn, and winter),

the activity range was concentrated at the low-altitude Hongxi

Conservation Station and near Wahei-Yiziy Yakou (winter

habitat). In summer, after the shooting of B. fangiana in

the high-altitude regions, giant pandas migrated vertically to

altitudes of over 2700 m. In autumn, the population migrated

back to the low-altitude region for foraging due to the decreasing

temperature at high altitudes and the lignification of B. fangiana.

The cycle then began again (Figure 3).

Microhabitat selection

A total of 1280monitoring plots were investigated, including

414 plots of habitat selection and 866 control plots. The one-

sample K-S test was carried out for 20 ecological factors

in the habitat selection plots and control plots. The results

showed that six variables—including the altitude, canopy

density, tree height, DBH of trees, shrub coverage, and bamboo

height—were normally distributed, while the other 14 variables,

including slope, were not. The plot type was used as the

control variable for ANOVA. In normally distributed variables,

there were significant differences in the altitude, tree height

and DBH of trees (p < 0.05) but no significant differences

in the canopy density, shrub height, and bamboo height

(p > 0.05). In the control plots and habitat selection plots,

the Mann–Whitney U test disclosed significant differences

for eight variables, including the headwater type, vegetation

type, origin of community, shrub coverage, bamboo species,

bamboo coverage, bamboo growth type, and foraging conditions

(p < 0.05). However, there was no significant difference in

the slope, slope shape, slope gradient, exposure, distance to

headwater or bamboo growth conditions (p > 0.05; Table 2).

According to the analysis results, the correlation coefficients

of two groups of variables exceeded 0.5 (Table 3). For tree height

and DBH of trees, larger DBH is associated with a taller tree,

hence, DBH of trees—which has more biological significance—

was retained in the follow-up regression equation. Similarly,

for the following variable groups: bamboo coverage and shrub

TABLE 3 Variable groups with correlation coefficients exceeding 0.5

and corresponding significance level.

Relevant variable
group

Correlation
coefficient

Significance
level

Tree height and DBH of

trees

0.54 0.00***

Bamboo coverage and

Shrub coverage

0.58 0.00***

*p < 0.05, **p < 0.01, ***p < 0.001.

TABLE 4 Logistic regression analysis between giant panda habitat

selection plots and control plots.

Microhabitat
variable

Regression
coefficient B

Wald df p

Distance to

headwater

−0.17 9.77 1 0.00***

DBH of trees −0.43 7.74 1 0.01**

Slope shape −1.19 10.27 1 0.00***

Vegetation type −322.00 9.16 1 0.00***

Canopy density 0.70 7.25 1 0.01**

Bamboo species 0.44 8.34 1 0.00***

Bamboo height 1.02 17.31 1 0.00***

Bamboo coverage −1.06 18.49 1 0.00***

Foraging conditions 1.99 115.07 1 0.00***

Constant 55.28 0.00 1 0.99

*p < 0.05, **p < 0.01, ***p < 0.001.

coverage, it was the DBH of trees and bamboo coverage that

were retained in the regression equation.

The logistic regression analysis results are shown in Table 4.

Significant differences (p < 0.05) were found for the distance to

headwater, DBH of trees, Slope shape, vegetation type, Canopy

density, Bamboo species, bamboo height, bamboo coverage,

and Foraging conditions. At the same time, the absolute

value of the corresponding regression coefficient is relatively

high, because the absolute value of the regression coefficient

represents the contribution of the corresponding variable to

the regression equation. Therefore, the ecological factors that

determine habitat selection and habitat utilization patterns of

giant pandas are habitat factors such as trees, vegetation, and

bamboo forest resources, which are roughly similar to the results

obtained by one-way ANOVA and Mann–Whitney test above.

Based on the means of variables in different groups, some

characteristics of the habitat selection and habitat use mode

of giant pandas in Meigu Dafengding National Nature Reserve

were identified. The giant panda was mainly distributed in

high-altitude (2895.91 ± 337.92 m) secondary forests of mixed

broadleaf–conifer forest or temperate coniferous forest near

water ponds, where there were tall trees with large DBH,

high shrub coverage and bamboo forest. These areas contained

high coverage and scattered distributions of Y. maculata Yi,

Y. ailuropodina Yi, and B. fangiana. the giant panda prefers

bamboo shoots (Figure 4).
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FIGURE 4

Selection and utilisation of different habitat factors by giant pandas. (A) Selection and utilization of giant panda habitat and control habitat at

altitude. (B) Selection and utilization of giant panda habitat and control habitat at headwater types, origin of community, shrub coverage,

bamboo coverage and bamboo growth type. (C) Election and utilization of giant panda habitat and control habitat at vegetation type, tree

height and DBH of trees.
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Discussion

To understand the population dynamics and microhabitat

selection of giant pandas in the Liangshan Mountains, regular

monitoring of wild populations in the Meigu Dafengding

National Nature Reserve was implemented for a year. First, the

population dynamics and distribution patterns were analysed

using ArcGIS. The highest distribution density of giant pandas

was in Hongxi Conservation Station, followed by places near

Weiheluo Conservation Station. A habitat is an essential

place for the survival and daily activities of giant pandas.

The study demonstrated that giant panda prefers to be close

to the primitive forest of the central area, which has high

altitude, great gradient, advantageous conditions for raising

young, foraging, hiding from enemies and keeping away from

disturbances (Hong et al., 2012, 2015). When studying the

landscape level of giant panda habitat, Zhang et al. (2011) found

that—except for the essential factor of bamboo—giant pandas

prefer to live in primitive forests without logging activities

or human disturbance. People usually cut down trees with

high DBH at locations with low slope gradients and close to

highways. This may influence the migration of giant pandas and

their utilisation of caves. However, the results of the present

study demonstrated that—as the largest primitive forest in the

reserve—the Dafengding area has extensive distributions of

bamboo in the lower layer of the continuous primitive forest

as well as high bamboo coverage and good growing conditions,

but no activity trajectories of giant pandas were identified. This

could be because human activity and disturbance have severely

restricted the distribution of giant pandas in the Dafengding

area (Wei et al., 1989, 2018; Gui et al., 2012; Zhao et al., 2017).

Grazing has become an important human disturbance in the

reserve (Filazzola et al., 2020). In particular, overgrazing near

the Dafengding area and the large livestock population (e.g.,

scattered cultivation of Poëphagus grunniens, cattle and horses)

in the habitat of giant pandas pose significant threats to the

survival of Giant panda. Some studies have demonstrated that

the giant panda avoids grazing, to some extent (Wang et al.,

2015). Additionally, large-scale livestock grazing destroys the

growth and regrowth of bamboo, thereby damaging suitable

giant pandas habitats; this may force giant pandas to use

other habitats (Wang et al., 2015; Li et al., 2017; Zhang et al.,

2017).

Animal migration is an important field in the ecological

study of animal behaviour. Exploring the causes, mechanisms

and modes of species migration can facilitate an understanding

of the influence of migration behaviour on the ecology and

evolution of individuals, populations, and communities (Nathan

et al., 2008). The present study identified a pronounced

seasonal migration of local giant pandas. The species used

locations above 2700 m as their habitat in summer and

migrated to low-altitude regions in winter. This migration

phenomenon also occurs in the Meigu Natural Reserve and

Foping Natural Reserve in the Qinling Mountains. Other

studies have demonstrated that the spatial behaviour of giant

pandas in the Qinling Mountains is mainly influenced by food

resources. Bamboo is the sole food source of giant pandas, with

its nutritional quality, distribution and secondary metabolites

(PSM) in bamboo directly influencing the altitudinal preference

and diet selection of giant pandas (Zhang et al., 2014; Nie

et al., 2015; Wei, 2015; Wang et al., 2020). This may be

because the seasonal migration of giant pandas accompanies

phenological changes in resources. To acquire bamboo organs

with high nutrition value, the giant pandas may migrate

among the distribution regions of different bamboo species

with seasonal changes (Nie et al., 2015; Wei et al., 2015).

Similar to the migration of giant pandas in the Qinling

Mountains, the migration of giant pandas in the Meigu

National Natural Reserve may also be related to phenological

changes in bamboo growth. To obtain different bamboo

species and bamboo organs with higher nutritional quality

in different seasons, giant panda may migrate to the high-

altitude regions of shooting B. fangiana. Then, before autumn,

G. panda may migrate to low-altitude regions again due

to the decreasing temperatures at high altitudes and the

lignification of B. fangiana shoots. Another cycle begins the next

year.

Studies on habitat selection are of significance in the

evaluation of habitat quality, predicting suitable habitats for

species, exploring causes of species endangerment and enabling

the formulation of reasonable protection strategies. The present

study found that the giant panda was mainly distributed in

high-altitude areas with secondary forests, tall trees with large

DBH and bamboo forest. This was in contrast to a previous

study—based on four mountains in Sichuan Province—which

determined that giant pandas preferred primitive forest with

tall trees that could provide them suitable habitat (Zhang

et al., 2011). This difference may have been due to the good

recovery of secondary forest in the study area and the tall

trees, which provided suitable habitat for giant pandas. The

giant panda has a highly specialised eating habit: bamboo is its

major food source. By analysing the microhabitat landscape and

nutrition in Foping Natural Reserve,Wei et al. (2017) concluded

that giant pandas may choose habitats with higher nutritional

quality. This aligned with the research conclusion of the present

study: the giant panda chooses bamboo with higher nutritional

value.

Conclusion

In summary, the Meigu National Natural Reserve mainly

protects wild animals, as represented by giant pandas, and the

forest ecosystem. There are good natural forest conditions as

well as a high distribution density and extensive activity range

of wild giant panda. Additionally, there are seasonal changes
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in the population distribution. The protection effect in the

study area and even throughout the Liangshan Mountains was

significant. According to theories and practices, it is crucial to

ensure the quality of giant pandas habitat and prevent habitat

fragmentation. The population of giant panda can increase

slowly if the habitat is protected well and there is a sufficient

food supply (Wei et al., 1989).

Management implications

There are still threats that cause fragmentation of habitat

in the Meigu National Natural Reserve. In this Reserve,

giant pandas are an isolated and small group, comprising

one of five small groups in the Liangshan Mountains. The

effective population size is small and there is an imbalanced

gender distribution (male:female = 17:5). Some reserves had

decreasing populations since the fourth national survey.

There are some administrative villages in the Reserve that

have high pedestrian volume and large villager populations,

resulting in strong human disturbance. In particular, there

is significant grazing and herb collection. The habitat

fragmentation is pronounced and habitat quality is poor. Based

on the results of this study, the following suggestions are

proposed:

(1) Increase the migration rate among different populations.

As there is no giant panda in the Dafengding area, an

ecological corridor could be built to connect with the

Mabian Dafengding Natural Reserve to increase migration

and diffusion between the two regions.

(2) Increase the environmental capacity by recovering

habitat, increasing the connectivity between habitats and

expanding the core habitats of giant pandas.

(3) Climate change has impacted the periodic blooming of

bamboos, with a drift toward high-latitude and high-

altitude regions; accordingly, the giant panda cannot

acquire enough food sources. Bamboo species could be

planted artificially to ameliorate this effect.

(4) Decrease major human disturbances in the reserve. The

population and scale of livestock should be controlled

strictly to relieve the influence of grazing on the

population and habitat of giant pandas. An increase in the

ecological awareness of surrounding villagers is needed to

minimise human disturbance of the Reserve’s ecosystem

and biodiversity. Additionally, a change in the income

source structure of villagers is needed to decrease excessive

dependence on natural resources in the reserve, such as

through ecological compensation.
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