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Abstract
The establishment of nature reserves is a key approach for biodiversity conservation worldwide. However, the effectiveness of
nature reserves established by protecting the habitat needs of surrogate species is questioned. In this study, the Baishuijiang
National Nature Reserve (Baishuijiang NNR), located in the Minshan Mountains, China, which is established mainly for the
conservation of giant panda (a surrogate for the conservation of other endangered species) was selected. We quantitatively
evaluated the conservation effectiveness of the reserve for giant panda and co-occurring species (here, seven protected species)
using a maximum entropy model (Maxent), and analyzed spatial congruence between giant panda and other seven species.
Results shown that the habitat of giant panda generally included the habitat of other seven protected species, suggesting that
conservation of giant panda habitat also allows the conservation for the habitat of almost co-occurring species. Hence, the natural
reserve established for giant panda as a surrogate species has a relatively high effectiveness. A high proportion of the suitable
habitat for six species is inside the core zone, but a high proportion of the suitable habitat for two species is located in the
experimental and buffer zones. Thus, the two species are affected by human activities. To improve the conservation effectiveness
of the nature reserve, the management zones need to be amended. The result of the study will be beneficial for future conservation
and management of the reserve. This study provides an effective method for evaluating the conservation effectiveness of nature
reserves in other area of the worldwide.
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Introduction

To protect natural resources and biodiversity, nature reserves
have been established worldwide (Suski and Cooke 2007;

Laurance et al. 2012; Yu and Czarnezki 2013; Zheng et al.
2013; Stewart et al. 2017). However, there are too many spe-
cies in the world that need to be protected directly (Williams
et al. 2006). Thus, we have to rely on surrogates that allow
conservationists to identify nature reserves based on the land
requirement of a small number of species (Favreau et al.
2006). Usually, the location and areal extent of nature reserves
have been defined based on empirical information as well as
experts’ opinion on the distribution of surrogate species
(Lambeck 1997; Caro and O’Doherty 1999). Ideally, once a
natural reserve is built, both surrogate species and sympatric
species can be protected with high effectiveness. However, the
habitat needs may be different among surrogate and sympatric
species. Therefore, the establishment of a nature reserve by
using surrogate species has been questioned (Simberloff 1998;
Andelman and Fagan 2000; Favreau et al. 2006; Grantham
et al. 2010; Lindenmayer and Likens 2011; Westgate et al.
2014). Some researches considered the surrogate species mea-
surement is disappointed (Banks et al. 2010; Wesner and Belk
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2012), while others suggest it works well (Poiani et al. 2001;
Brooker 2002; Lambeck 2002; Xu et al. 2014).

Assessing the effectiveness of a nature reserve is not only
one of the important means to improve the sustainable man-
agement level of the nature reserve, but also a hotspot in recent
research of biodiversity conservation (Kang et al. 2013; Xu
et al. 2014). There are many methods to assess the effective-
ness, including correlation analysis (Wei et al. 1999; Shen
et al. 2009), discriminant function analysis (Kang et al.
2013), and model analysis (Xu et al. 2014). These methods
can be classified into two groups: statistics methods and hab-
itat models. Statistics methods offer some insights into the
habitat preference of surrogate species and have been widely
used (Williams et al. 2006), but they are only based on the
point scale (Grantham et al. 2010). In contrast, habitat models
can provide spatial information, but has not been widely used
for the effectiveness assessment.

Many habitat models have been developed, such as the
Genetic Algorithm for Rule-set Prediction (GARP)
(Stockwell et al. 2006), BIOCLIM (Beaumont et al.
2005), DOMAIN (Carpenter et al. 1993), Ecological
Niche Factor Analysis (ENFA) (Hirzel et al. 2002), and
Maximum Entropy (Maxent) (Phillips 2006). Once a
fitted model is selected, the potential distribution of suit-
able habitat for endangered species can be accurately de-
fined. Among the habitat models, the Maxent uses
presence-only data to predict species potential distribution
and has robust prediction performance (Elith et al. 2006,
2011; Phillips 2006; Tognelli et al. 2009).

Giant panda (Ailuropoda melanoleuca) is a protected spe-
cies listed in category I of the Red List of China (Wei et al.
2000). It is a flagship species for nature conservancy and one
of the rarest and endangered species in the world. Giant panda
is distributed in the Minshan, Qionglai, Xiangling, Liangshan,
and Qinling Mountains, China (Wei et al. 2000; Hu et al.

2011). To protect the endangered species, the Chinese govern-
ment has established 67 nature reserves since 1963 taking
giant panda as surrogates (Tang et al. 2015; Wei et al. 2015).
The largest one is the Baishuijiang NNR. However, its effec-
tiveness for conserving the giant panda and other species has
been seldom evaluated.

In this study, Baishuijiang NNR was selected. Our objec-
tives were to (1) predict the habitat suitability of giant panda
and other sympatric species, (2) evaluate the effectiveness of
the present nature reserve established by giant panda as a
surrogate species, and (3) design a scientific and reasonable
core zone based on the surrogate and sympatric species.

Materials and methods

Study area

The Baishuijiang NNR located in the southern part of Gansu
Province (E 104° 16′–105° 25′, N 32° 36′–33° 00′), northwest
China (Fig. 1). The reserve was established in 1978 mainly to
protect giant panda population and its habitat, covering an area
of 1857.5 km2. The reserve is classified into three manage-
ment zones, that is, core zone, buffer zone, and experimental
zone. Areas of the core zone, buffer zone, and experimental
zone are 917.8 km2, 278.5 km2, and 664.8 km2, respectively.
The percentage of the core zone area is 49.4% to the reserve.

The study area is dominated by mountains with elevation
increase from southeast to northwest, ranging from 585 to
4041 m a.s.l. The climate is characterized by a transition cli-
mate between subtropical and warm-temperate types. The
mean annual temperature is 14.8 °C with the monthly maxi-
mum 24.6 °C (July) and the monthly minimum 3.7 °C
(January). Precipitation ranges from 840 to 950 mm in the
eastern part and from 460 to 1200 mm in the western part

Fig. 1 Location and management zones of the Baishuijiang NNR
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(Zheng et al. 2014). The study area has diverse ecosystems.
With increasing elevation, the sequence of vegetation type is
mountain subtropical evergreen broad-leaved forests, moun-
tain evergreen broad-leaved and deciduous broad-leaved
mixed forests, mountain deciduous broad-leaved forests,
warm-temperate needle-leaved and deciduous broad-leaved
mixed forests, mountain cold-temperate needle-leaved forests,
subalpine frigid shrubs and meadows. There are 52 species of
rare animals under state protection in the reserve, including 10
species were class I protected species and 42 belonged to class
II. Among those species, the population and distribution of
giant panda population are relatively clear. According to the
4th national survey report of giant pandas (State Forestry
Administration 2015), there exists 110 giant pandas in the
reserve. Pandas mainly feed on bamboos. There are 9 species
of bamboo in the reserve, of which, six species are staple
bamboo of pandas (i.e., Fargesia nitida (Mitford) Keng f.,
Fargesia denudata Yi, F.rufa Yi, Fargesia dracocephala Yi,
Fargesia scabrida Yi, and Fargesia obliqua Yi).

Species selection

We selected giant panda as a surrogate species and other seven
endangered species as target species by three criteria: (1) being
a protected species in the China protection class list or were
the national protected terrestrial wild animals with important
ecological, economic, and scientific values; (2) having

different habitat requirement; and (3) having data accessibility.
Eight protected species are chosen according to Table 1.

Habitat modeling

Model selection

Maxent is based on the machine-learning method to predict
the distribution of species from incomplete information
(Phillips 2006). A set of environmental variables and species
occurrence data are needed to drive this model. The output of
Maxent model is a habitat suitability index (HSI), with its
value ranges from 0 (unsuitable) to 1 (perfectly suitable)
(Liu et al. 2005). Maxent has been widely used in the world
due to its five advantages: (1) needing only species occurrence
data, which makes data to be easily collected; (2) using both
continuous and categorical environmental data at the same
time; (3) generating a continuous probabilistic output, that is
apt to classify species suitability; (4) reducing laborious jobs
in data collection with a small sample size to meet its demand
(Pearson et al. 2007; Wisz et al. 2010); (5) facilitating model
interpretation (Scheldeman and Zonneveld 2010). Maxent has
been found to be consistently robust in its prediction perfor-
mance (Tognelli et al. 2009). There are many cases of its
application in predicting species distribution (e.g., Fuller
et al. 2012; Reiss et al. 2011). Detailed information about

Table 1 Summary of protected species selected in this study

Name Latin name CPC IUCN Habitat preferences Presence
points

Vegetation type Altitude Food

Red tragopan Tragopan
temminckii

II LC Coniferous forests 2200–3200 m Leaves, flowers, fruits, and seeds 15

Blood
pheasan

Ithaginis
cruentus

II LC Coniferous forests or
coniferous/broad-leaf and
needle-leaf mixed forests

2200–3200 m Seeds, fruits, tree buds,
and young leaves

15

Golden
snob-nosed
monkey

Rhinopithecus
roxellana

I EN Deciduous and coniferous forests 1500–3300 m Leaves, flowers, fruits, and seeds 50

Wild boar Sus scrofa III LC Shrubs/deciduous/broad-leaf forests 900–3000 m Leaves, flowers, fruits, and seeds 119

Chinese goral Naemorhedus
griseus

II VU Forests or mixed
coniferous/broad-leaf forests

> 1000 m Grasses, young tree
leaves, and fruits

123

Mainland
serow

Capricornis
milneedwar-
dsii

II NT Coniferous and mixed
broad-leaf/coniferous forests

> 1000 m Grasses, young branches, and
leaves of trees, as well as
mushrooms

26

Takin Budorcas
taxicolor

I VU Coniferous and mixed
broad-leaf/coniferous forests

2000–3400 m Young tree branches and
leaves, as well as grasses

233

Giant panda Ailuropoda
melanoleuca

I VU Deciduous and coniferous forests 1200–3800 m Bamboo 252

CPC, China protection class; I, national first-class protection; II, national second-class protection; III, the national protected terrestrial wild animals with
important ecological, economic and scientific values. IUCN, conservation status: EN, endangered; VU, vulnerable; LC, least concern; NT, nearly
threatened (http://intranet.iucn.org/webfiles/doc/SSC/RedList/redlistcatsenglish.pdf); presence points, contains the individuals seen in the wild, feces,
and traces
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the Maxent model was given by Phillips (2006), as well as
Phillips and Dudík (2008).

Species occurrence data

The spatial locations of the occurrence for 8 protected species
were obtained from the field surveys conducted during 2015–
2016. These field surveys were carried out a whole year round
(in four seasons) so that the differences in habitat preferences
were observed throughout the year. There are 550 monitoring
routes were arranged along elevation gradient over the study
area. During these field surveys, the geographic locations of
the occurrence of protected species (e.g., feces, tracks) were
recorded by global positioning system receivers (GPS). A
total of 833 points were obtained, including the least points
(15 points) for the blood pheasant and the most points (252
points) for the panda (Table 1).

Environmental variables

Environmental variables including topography, land cover,
and human disturbance were chosen based on known species
habitat associations (Liu et al. 1999; Loucks et al. 2003; Xu
et al. 2006; Qi et al. 2011; Zhang 2011; Hong et al. 2015; Wei
et al. 2015; Hong et al. 2016, Wei et al. 2018a, b, c) (Table 2).
The topographic variables (i.e., elevation, slope, and aspect)
were derived from a digital elevation model (DEM) collected
from the Computer Network Information Center, Chinese
Academy of Sciences (http://datamirror.csdb.cn). The human
disturbance variables, including hydropower stations, roads,

and residential areas, were collected from the Baishuijiang
NNR administration. Vegetation type was classified by the
Landsat ETM data (path-row: 129–037) with 30 m spatial
resolution in July 2015. The data was obtained from the
Computer Network Information Center (http://datamirror.
csdb.cn). A supervised classification was carried out using a
maximum likelihood classification algorithm. Seven classes
were obtained: deciduous forest, deciduous broad-leaf and
needle-leaf mixed forests, conifer forest, shrub, meadow,
farmland, and bare land. The accuracy of the classification
was 92%. All category data were made buffer analysis.
According to the buffer area, the distance between a cell con-
taining evidence of 8 species habitat requirement and the clos-
est cell containing a given feature were calculated. All analy-
ses were performed in ENVI5.1 software and GIS 10.3. All
variables running the Maxent model had spatially explicit
characteristics and were transformed in UTM 48N reference
system using WGS 1984 datum, and re-sampled to a common
grid of 30 × 30 m.

Model validation

We used the area under the receiver operating characteristic
curve (AUC) (Hanley and McNeil 1982) to evaluate the pre-
diction accuracy. The AUC has been extensively applied as a
measure of model’s overall performance (Vanagas 2004). The
AUC validation procedure was implemented in the software
Maxent 3.3.3 using 10,000 randomly selected background
pixels that were used as pseudo-absence. We divided the oc-
currence data of 8 species into training and validation through
a randomization procedure in which 75% of the data were
used for training and the remaining 25% for validation. The
AUC has the values ranging from 0 to 1. The larger AUC
indicates a preferred model. Generally, based on the AUC
values, model performance is categorized as failing (0.5–
0.6), poor (0.6–0.7), fair (0.7–0.8), good (0.8–0.9), or excel-
lent (0.9–1) (Swets 1988).

Analyzing the relationship between giant panda
and other species habitats

Once giant panda habitat is protected, does it mean that the
habitats of other 7 species are protected? To answer this ques-
tion, we conducted the study with following two procedures.
The first, the habitat prediction values were extracted corre-
sponding with occurrence of species by ArcGIS 10.3. Then
we calculated Spearman rank-ordered correlation coefficients
between giant panda’s habitat prediction values and the other
7 species’ habitat prediction values by SPSS software. The
second, we identified the suitable habitat of eight species by
the minimum threshold value method (by extracting predicted
values of species distribution using occurrence of species,
selecting the minimum value among these values). The

Table 2 Variables for the Maxent model

Environmental variables Unit

Elevation m

Slope °

Aspect °

Distance to conifer forest m

Distance to deciduous forest m

Distance to mixture forest m

Distance to shrub m

Distance to meadow m

Distance to bare m

Distance to farmland m

Distance to river m

Distance to bamboo m

Distance to residential area m

Distance to hydropower station m

Distance to road m

Distance variables expressed the distance between a cell containing evi-
dence of the selected species habitat requirement (the focal cell) and the
cell containing a given feature
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minimum threshold value is the most conservative threshold
and can identify the minimum predicted area possible while
still maintaining a zero omission rate for both training and test
data (Liu et al. 2005). Ecologically, the MTP can be
interpreted to contain those cells that are predicted to be at
least as suitable as those where the species is identified as
present. The suitable area of giant panda was overlapped by
the suitable area of each targeted species. The ratio, the over-
lapped area to the habitat area for the targeted species, was
calculated.

Evaluating the effectiveness of the nature reserve

We overlapped the suitable area of eight species with manage-
ment zones of the Baishuijiang NNR. The suitable area of

each species in the core zone was calculated. At the same time,
we overlapped the potential distribution of 8 species and ob-
tained the potential abundance in the study area. According to
the potential abundance, we can provide suggestions to define
new management zones.

Results

Potential distribution of eight species

The AUC values were all above 0.85 for eight species, sug-
gesting a high prediction accuracy of the Maxent model. The
potential distribution of eight species is shown in Fig. 2. Some
species, such as giant panda, golden snob-nosed monkey,

Fig. 2 The potential distribution
of 8 species derived from the
Maxent model. a Giant panda,
AUC = 0.92. b Golden snob-
nosed monkey, AUC = 0.88. c
Takin, AUC = 0.93. d Blood
pheasant, AUC = 0.96. e Chinese
goral, AUC= 0.89. f Mainland
serow, AUC = 0.90. g Red
tragopan, AUC = 0.97. h Wild
boar, AUC = 0.93
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Chinese goral, and wild boar have large distribution areas,
while other species such as takin, blood pheasant, red
tragopan, and mainland serow exhibit comparatively smaller
habitat areas. The most suitable habitat for giant panda, blood
pheasant, mainland serow, and red tragopan locate in the west-
ern parts of the study area and the suitable habitat mainly
distribute in southern and northeastern parts for golden snob-
nosed monkey, takin, and Chinese goral. The suitable habitat
for wild boar covers almost the whole study area.

The potential distribution of eight species was overlapped,
and the sum of the generated models for eight species was
presented in the potential abundance map (Fig. 3). The poten-
tial abundance is divided into nine classes (Table 3). The area
with potential abundance eight accounted for 1.4% of the
reserve area, while the area with potential abundance zero
accounted for 22.7% of the reserve area. Some areas with

higher potential abundance were outside the core zone (e.g.,
yellow circles in Fig. 3).

Relationship between giant panda habitat and other
species habitat

Spearman rank-correlation coefficients between the habitat
prediction values of giant panda and that of the each other
species ranged from 0.01 to 0.78 (p < 0.01) (Table 4). The
coefficient was 0.78 for mainland serow and 0.54 for red
tragopan, indicating high spatial congruence between the hab-
itat of these two species and that of giant panda. In contrast,
coefficients for golden snob-nosed monkey, takin, blood
pheasant, and Chinese goral were small (below 0.50), imply-
ing high spatial difference between the habitat of these six
species and that of giant panda.

The ratio of the overlapped area between habitat of panda
and that of each other species to the total habitat area of the
targeted species was calculated (Table 4). Six species had
higher ratio (above 50%), with the highest ratio for blood

Fig. 3 Current core zone of the
nature reserve and the distribution
of potential abundance (yellow
circle indicating areas of the
suitable habitat outside the core
zone)

Table 3 Statistical values of the potential abundance in the Baishuijiang
NNR

Potential
abundance

Area
(km2)

Ratio
(%)

Accumulation
ratio (%)

8 26.2 1.4 1.4

7 193.1 10.4 11.8

6 237.6 12.8 24.6

5 201.9 10.8 35.4

4 178.2 9.6 45

3 159.0 8.5 53.5

2 206.4 11.1 64.6

1 237.2 12.7 77.3

0 421.9 22.7 100

Ratio is the proportion of suitable area to total area of the reserve

Table 4 Spearman rank-correlation coefficients and habitat coverage
percentage between giant panda and seven target species

B C D E F G H

Correlation
coefficient

0.15 0.22 0.15 0.01 0.78 0.54 0.45

Ratio (%) 63.2% 67.1% 97.8% 63.3% 85.7% 63.2% 57.3%

B, golden snob-nosed monkey; C, takin; D, blood pheasant; E, Chinese
goral; F, mainland serow; G, red tragopan; H, wild boar. Spearman rank-
correlation coefficients are the ones between the HSI values of giant
panda and the other eight protected species. Habitat coverage percentage
for each of the eight species is the habitat area covered by giant panda
habitat to its total habitat area
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pheasant (97.8%) and the lowest ratio for wild boar (57.3%).
From Table 4, we can derive two combinations of Spearman
rank-correlation coefficient and the ratio: firstly, high coeffi-
cient and high ratio (e.g., mainland serow); secondly, low
coefficient and high ratio (e.g., golden snob-nosed monkey,
blood pheasant). The first combination indicates the over-
lapped area where both species preferred. The second combi-
nation expresses the overlapped area where was suitable to
both species, but only one preferred to live.

Effectiveness of the nature reserve

The suitable habitat areas of giant panda occupied 40.7% of
the study area (Fig. 4a), and the proportions for golden snob-
nosed monkey, takin, Chinese goral, and wild boar were a
little higher than those of giant panda. The proportions of
other three species were less than 40%.

Figure 4b shows the proportions of suitable habitat areas of
eight species inside the core zone to total suitable habitat area.
There were high proportions for eight species, indicating that
the suitable habitats of selected species were located in the
core zone. This result suggests that the core zone having
higher conservation effectiveness. However, red tragopan
and wild boar exhibited relatively low proportions (about
60%), indicating approximately 40% suitable habitats of the
two species were located outside the core zone (buffer and
experimental zones), implying these two species being affect-
ed by human activities.

Discussion and conclusions

There are enormous amount of species needed to be protected,
but it is difficult to build nature reserves for all protected
species. Thus, it is necessary to select a surrogate species to

establish natural reserves. It is commonly believed that con-
servation of a surrogate species will automatically be benefi-
cial for co-occurring species (Kang et al. 2013). Hence, the
use of surrogate species as a conservation management strat-
egy has been well adopted in China. This stems from the
assumption that many endangered species have similar distri-
butions and experience the same habitat (Wesner and Belk
2012). However, whether the reserve built by a surrogate spe-
cies can protect other endangered ones is a challenge (Wesner
and Belk 2012). But for the moment, using surrogate species
is the best way to build a nature reserve due to the realities of
limited funding and information for every species (Simberloff
1998; Caro and O’Doherty 1999).

The Baishuijiang NNR was built using giant panda as a
surrogate species. Our results show that the current reserve
has high conservation effectiveness. On the one hand, the
suitable habitat of giant panda has high spatial congruence
with that of seven targeted species. On the other hand, the core
zone has covered major areas of suitable habitats of the eight
species. However, the extent of the present core zone still
excludes the partial suitable area of selected species, especial-
ly, for red tragopan and wild boar (Fig. 3b). This suggests that
the effectiveness of the nature reserve for protecting the over-
all biodiversity in this region needs to improve. If the partial
suitable areas are excluded the core protection area, these spe-
cies may be subjected to higher pressure deriving from human
activities. Therefore, the boundaries of present core zone need
to be modified so that the excluded suitable habitat could be
involved. For instance, some areas (yellow circle in Fig. 3)
should be included in themodified core zone, since these areas
contain a large area of the suitable habitat of protected species.
The modified core zone should be defined by the potential
abundance (Fig. 3). According to the potential abundance,
the boundary of the core zone can be extended (Table 3). If
the potential abundance is three, the ratio of the new core zone

Fig. 4 Ratios of suitable habitat
to total nature reserve (a); the
ratios of suitable habitat in the
core zone to total suitable area (b).
Dotted line represents ratio of
50%. A, giant panda; B, golden
snob-nosed monkey; C, takin; D,
blood pheasant; E, Chinese goral;
F, mainland serow; G, Red
tragopan; H, wild boar
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to the total reserve area is 53.5%. The area percentage of the
new core zone is 4.1% higher than the present core zone. If the
potential abundance is one, the ratio of the new core zone to
the total reserve area is 77.3%, and that percentage is 27.9%
higher than the present core zone.

Studies have widely reported different results on the effec-
tiveness of nature reserves established by surrogates
(Grantham et al. 2010; Larsen et al. 2009). The previous study
results varied depend on study area location, spatial scale,
spatial resolution, type of surrogates, and analytical methods
(Grantham et al. 2010). Kang (2013) revealed that the takin
had not be well protected under the nature reserve focused
solely on panda protection, as only 25.4% of the takin’s hab-
itat would be protected. Xu et al. (2014) reported that the co-
occurring species will be protected in the nature reserve net-
work of QinlingMountans built by giant panda as a surrogate,
which is consistent with our results. In addition, the biodiver-
sity of giant panda nature reserve reserves is among the
highest in the temperate world (Mackinnon 2008). Wei et al.
(2018) found that protecting the panda as an umbrella species
and the habitat that supports it yields roughly 10–27 times the
cost of maintaining the current reserves (Wei et al. 2018).

Our study found that although the major habitats of seven
selected species are contained by giant panda habitats, the cor-
relation between habitats of seven selected species and that of
giant panda is low. This may be due to microhabitat separation.
It has been generally accepted that microhabitat separation is
the most basic form of niche partitioning in sympatric mam-
mals as it contributes to multiple-species coexistence (Wei et al.
2017). Previous studies found that sympatric species often
avoid excessive interspecific competition by partitioning re-
source utilization along three main niche dimensions, i.e., in
space (Campbell et al. 2007), food (Siemers and Swift 2006),
and activity time (Jacobs and Barclay 2009; Jiang et al. 2013).
If sympatric animals want to coexist harmoniously in similar
overlapping distribution areas, they need to show some niche
differences in at least one spatial dimension to decrease exces-
sive interspecific competition, e.g., in dietary differentiation,
feeding sites, microhabitat selection(Wei 2018). The existence
of these differences may have led to mutual adaptation of sym-
patric species and reduce competition to promote their long-
term coexistence (Berger 1997; Zhang et al. 2009).

Evaluating the effectiveness of nature reserves was mainly
based on expert opinion, correlation analysis, and discrimi-
nant function analysis (Williams et al. 2006; Shen et al.
2009). In our study, we used the habitat model that is tested
to be useful. It provides a meaningful criterion for establishing
boundaries not only for nature reserves but also for manage-
ment zones. So the nature reserve can be scientifically and
reasonably established to protect wildlife species. In addition,
the approach can be carried out at different scales, as long as
appropriate species occurrence and spatially explicit environ-
mental variables are available.

Nevertheless, uncertainties still remain as to the generaliz-
ability of our approach. Firstly, only the suitable habitat of
eight species was evaluated, accounting for 13.4% of the total
number of protected wildlife species in the study area. The
eight species cannot represent all taxa. Thus, the future studies
need to incorporate as many endangered species as possible.
Secondly, the model prediction accuracy varied across the
model type (Guisan and Zimmermann 2000) and the availabil-
ity of environmental variables. A few environmental variables
were used in this study, and more environmental variables
should be selected to improve the prediction accuracy.
Finally, our study conducted in the Baishuijiang NNR, while
other regions are underrepresented. The further research will
be focused on the entire geographic range of giant panda to
obtain a comprehensive evaluation on the effectiveness of the
entire nature reserve network built by giant panda as a surro-
gate species. It will provide new insights for the planning and
construction of the National Park for Giant Pandas.
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