
Relationship between human disturbance and
Endangered giant panda Ailuropoda melanoleuca
habitat use in the Daxiangling Mountains

CH E N G Z H A O , B I S O N G Y U E , J I A N G H O N G R A N , T I M O T H Y MO E R M O N D , N I N G H O U

X U Y U Y A N G and X I A O D O N G G U

Abstract The Endangered giant panda Ailuropoda melano-
leuca is one of the most threatened mammals. The species
has experienced declines in its population and habitat as a
result of human disturbance. We investigated the influence
of human disturbance on habitat use by giant pandas in the
Daxiangling Mountains, in China’s Sichuan Province. We
mapped all signs of giant panda and all locations of seven
types of human disturbance in the study area. We used cor-
relation analysis, generalized linear models, and Akaike in-
formation criteria to analyse the influence of the various
types of human disturbances on habitat use by the giant
panda. Our results showed that habitat use was positively
correlated with elevation and distance from roads, resi-
dences, hydropower stations and logging or tree-felling
sites, but negatively correlated with distance from bamboo
shoot collection sites and trap sites. We found that the
road-effect zone spanned a distance of c. , m and that
human residence could affect the intensity of habitat use
by giant pandas at distances . , m. The effect of
roads on habitat use was probably influenced by the associ-
ation of roads with residences, hydropower stations and
mines. In the area occupied by giant pandas, we recommend
increased regulation to minimize the expansion and impact
of roads, residences, hydropower stations and logging
activities.
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Introduction

The giant panda Ailuropoda melanoleuca is one of the
most threatened mammals and is categorized as

Endangered on the IUCNRed List (Lu et al., ). The spe-
cies was widely distributed in south-western China, includ-
ing Hunan, Hubei, Sichuan, Shanxi, and Gansu Provinces,
during the –th centuries (Hu, ), but as a result of
extensive expansion of agriculture and transport systems
and the widespread destruction and fragmentation of forest
habitat, giant pandas are now confined to six fragmented
mountain areas at the edge of the Tibetan Plateau (Fig. ;
Hu, ; Ran et al., ). The smallest population is in
the Daxiangling Mountains, where the species remains crit-
ically threatened by human disturbance (State Forestry
Administration of China, ).

Understanding how various human activities affect
pandas and their populations is critical for effective man-
agement and conservation of this charismatic species.
Human activities are known to affect wildlife in many
ways. Roads alter habitat and result in habitat loss and
fragmentation, consequently reducing genetic exchange
among populations (Way, ; Andrews, ; Carr et al.,
; Zhu et al., , ; Qi et al., ). Hunting or trap-
ping can have a significant impact on local populations;
for example, in Beichuan county c.  giant pandas
were hunted each year before hunting of the species was
prohibited by law in  (Hu & Hu, ). Logging
leads to fragmentation and loss of forest habitat (Van
Dyke et al., ).

Two types of disturbance effects over distance may be
identified, one sharply defined by a threshold and the
other characterized by a gradual influence over distance
from the disturbance until some distance beyond which
an effect cannot be detected (Eigenbrod et al., ). The ef-
fects of some types of disturbances are more pervasive than
others, species may respond in various ways (Cuaron,
), and some disturbances may result in non-intuitive
impacts, all of which makes it difficult to disentangle the in-
dividual effects of various types of disturbances, particularly
as they may be occurring at the same time (Previtali et al.,
). In the case of the giant panda the influence of various
types of disturbances have been investigated individually (Li
et al., ; Ran et al., ; Bearer et al., ; Zeng et al.,
; Gong et al., ) but it is difficult to develop an effect-
ive comprehensive protection plan for the species on this
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basis, as any reserve or protected area is likely to be affected
by various disturbances at the same time.

To understand the influence of human disturbance on
giant pandas more clearly and to assist managers to design
more effective protection plans we studied the relationship
between human disturbance and habitat use by giant pandas
in the Daxiangling Mountains. Our goals were to determine
which types of human disturbance have greater impacts on
the habitat use of giant pandas; to study how the impacts of
disturbance on habitat use vary with distance from a dis-
turbance; and to improve protection plans for the giant
panda based on greater understanding of the impacts of
various types of human disturbances.

Study area

Fieldwork was carried out in the Daxiangling Mountains,
which lie along a north-west–south-east axis in the south-
west of the Sichuan Basin (Fig. ). The highest peak is
, m. The climate is humid, annual rainfall is typically
,–, mm and the mean annual temperature is
c. °C. Below , m elevation the vegetation is mainly
broad-leaved forest, at ,–,m it is mainly mixed for-
est, and . , m it is primarily coniferous forest (Hu,
).

As giant pandas and their habitat mainly occur above
, m (Hu, ), the study area was initially defined as
the area . , m. To ensure our study area contained all
potential habitat of the giant panda, it was expanded to in-
clude all areas within ,m of giant panda sign (Fig. ), as
the diameter of the panda’s home range is c. ,m (Hu &
Hu, ). In the Daxiangling Mountains the main human
disturbances are roads, residences, hydropower stations,
logging, collection of bamboo shoots, trapping and mining
(Supplementary Table S; Hu, ; Ran et al., ; State
Forestry Administration of China, ; Xu et al., ).

Methods

The study area was surveyed by  investigators during
May−September . We divided the area into 

-km squares, and in each square investigators followed a
transect of . . km, searching for signs of giant pandas
(e.g. faeces, signs of feeding), which were geographically re-
ferenced using a global positioning system (GPS). At each
location where sign of giant panda was found, elevation,
slope and slope aspect were recorded. GPS readings were
also recorded at all locations of human disturbance (resi-
dences, mines, hydropower stations, logging and tree-felling
sites, trap sites and bamboo shoot collection sites). The lo-
cations of all roads used by four-wheeled vehicles were ob-
tained from government maps and Google Earth (Google
Inc., Mountain View, USA; Fig. a; Supplementary
Table S). We treated the road system as one type of disturb-
ance, as all of the roads within the study area had analogous
characteristics (Supplementary Table S). Our study was
part of the th national survey on the giant panda
(Forestry Administration of China, unpubl. data).

We analysed the influence of human disturbance on
habitat use by giant pandas in two stages. Firstly, we inves-
tigated which types of human disturbance have clearly

FIG. 1 Areas of suitable habitat for the giant panda Ailuropoda
melanoleuca, and reserves established to protect the species in
Sichuan, Gansu and Shaanxi provinces, China.

FIG. 2 (a) The locations of giant panda signs and roads and (b)
human disturbance in the study area in the Daxiangling
Mountains (Fig. ), Sichuan, China.

Giant panda habitat use 147

Oryx, 2017, 51(1), 146–152 © 2016 Fauna & Flora International doi:10.1017/S0030605315000800

https://doi.org/10.1017/S0030605315000800 Published online by Cambridge University Press

https://doi.org/10.1017/S0030605315000800


detectable influences on the habitat use of giant pandas.
Secondly, we investigated how the influence of the main
types of disturbance on the intensity of habitat use by
giant pandas varied as the distance from the disturbance
increased.

We used kernel density analysis in ArcGIS v.. (ESRI,
Redlands, USA) to calculate a density value for each sign of
giant panda, which we used to represent the giant panda’s
activity intensity. This could also be treated as an index of
habitat use intensity. For each giant panda sign we used dis-
tance analysis in ArcGIS to calculate the distance of the sign
from the nearest road, residence, mine, hydropower station,
bamboo shoot collection site, trap site, logging site or tree-
felling site.

We then used an information–theoretic approach to de-
termine the main disturbance affecting the giant panda’s ac-
tivity intensity. We created  candidate generalized linear
models (one null model, seven biogeographymodels,  dis-
turbance models and  biogeography + disturbance mod-
els), with log link function. The distances from each type
of human disturbance were used as independent variables
and the giant panda’s activity intensity was treated as a de-
pendent variable in these models. Before variables were used
in modelling a correlation analysis was conducted to iden-
tify multicollinearities among variables, some of which were
then excluded from the analysis (Hosmer & Lemeshow,
). The Akaike information criterion (AIC) was used
for model selection, and the lowest AIC scores and highest
Akaike weights were used to select the most parsimonious
best-fit models (Anderson, ).

We hypothesized that human disturbance could affect
habitat use intensity within a limited distance, within
which range the influence on the giant panda decreased
with increasing distance from the disturbance. Thus habitat
use intensity may be expected to increase with increasing
distance from a disturbance.

We used linear, logistic and exponential decay-fitting
analyses to visualize the relationship between distance
from human disturbance and habitat use intensity. We di-
vided the study area into  km squares and established
transects in each square such that the survey sites were dis-
tributed uniformly throughout the area. We calculated the
habitat use intensity as GHIi

x =Ni/Ai, where GHIi is the
habitat use intensity in region i, Ni is the number of signs
of giant panda in region i, Ai is the area of region i (km),
and x is the width of each region (we used x = , ,
, , , , , ,  and  m).

Results

We recorded  locations of giant panda sign and  loca-
tions of human disturbance:  residences,  mines, 

hydropower stations,  logging or tree-felling sites,  bam-
boo shoot collection sites and  trap sites (Fig. ).

The activity intensity of giant pandas correlated positive-
ly with elevation and distance from logging or tree-felling
sites, hydropower stations, residences and roads, and nega-
tively with distance from bamboo shoot collection sites and
trap sites (i.e. the habitat used by giant pandas was far from
roads and residences but close to bamboo shoot collection
sites and trap sites). There was also a positive correlation be-
tween distance from roads and distance to mines, hydro-
power stations and residences (Table ).

We evaluated AIC values for  candidate models. The
best model was the biogeography + disturbance model
(Table ), which gave a better fit than the biogeography
and disturbance models individually. The best model in-
cluded four variables: elevation, and distance from roads,
bamboo shoot collection sites and trap sites (Table ). The
Akaike weights of the top three models were significantly
larger than for other models (Table ), indicating that the
five variables in these top three models (elevation, and dis-
tance from roads, residences, bamboo shoot collection sites
and trap sites) had the most significant influence on activity
intensity.

In line- and curve-fitting analyses only two kinds of
human disturbances (roads and residences) showed a
good fit with panda habitat use intensity (R. .; Fig. ).
We found that the logistic model and ExpDec model had
better fits than the linear model (Fig. ). Both the logistic
and ExpDec models showed a significant decrease in habitat
use intensity at distances, ,m from roads. At distances
. ,m habitat use intensity appeared to be no longer in-
fluenced by roads. In Fig. b all three types of models show
good fits with habitat use intensity, and the curves show a
continuous gradual change in slope. These curves suggest
that residences have a strong but continuously declining in-
fluence on habitat use intensity to a distance of c. , m,
beyond which the influence appears to be minimal.

Discussion

Both habitat and disturbance variables are important pre-
dictors of wildlife distribution and abundance (Morrison,
; Bhattarai & Kindlmann, ). The habitat require-
ments of the giant panda have been studied comprehensive-
ly (e.g. Hu, ; Yu et al., ; Zeng et al., ; Ran et al.,
; Liu et al., ; Yang et al., ; Gong & Song, ;
Qi et al., ; Kang et al., ; Zhang et al., ), and re-
search on the influence of human disturbance is now im-
portant for protection of the species. Our results showed
that three of four variables in the best generalized linear
model were human disturbance variables (Table ), indicat-
ing that human disturbance plays an important role in influ-
encing the giant panda’s activity index. Previous studies
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have found that roads have a significant influence on wild-
life distribution (Kerley et al., ; Boarman & Sazaki,
; Eigenbrod et al., ; Vanthomme et al., ), and
we found that roads and residences have a strong influence
on the habitat use of giant pandas (Table ). As road build-
ing increases and residential areas expand, the distribution
of the giant panda may become more isolated, which could
affect the long-term survival of the panda population in the
Daxiangling Mountains.

The correlation analysis showed a positive correlation
between the giant panda’s activity index and distance
from roads, residences, mines, hydropower stations and log-
ging sites (Table ), which indicates that the giant panda
avoided these disturbances. Distance to roads was also cor-
related with other fixed disturbances, which should be ex-
pected as residences, hydropower stations and mines are
all connected by road. Disturbances caused by roads were
therefore likely to be related to those caused by residences,
hydropower stations and mines. Vanthomme et al. ()
pointed out that roads could facilitate other human distur-
bances, as they are conduits for human activity and may also
become barriers to wildlife movement (Forman &
Deblinger, ; Trombulak & Frissell, ; Coffin,
). Thus, evaluating the influence of roads on the activity
and distribution of giant pandas objectively and accurately
may be critical to giant panda conservation.

Related research has indicated that the level of tolerable
disturbance may show a threshold effect with distance
(Huggett, ; Luck, ; Groffman et al., ), which
could be used to predict the distribution of wildlife
(Kostova & Carlsen, ). In our research the relationship
between habitat use intensity and distance from roads could
be represented by a curve with either of two shapes (Fig. a).
Despite the difficulty of determining where the inflection
point occurs, the use of these curves could provide a logical
model illustrating the effect of roads on habitat use intensity.
The pattern of the response of habitat use intensity to roads
effectively defines a road-effect zone. Such zones have been
demonstrated for a variety of wildlife (Forman & Deblinger,
; Boarman & Sazaki, ; Semlitsch et al., ) but
our study is the first to demonstrate a road-effect zone for
habitat use by the giant panda. The extent of the road-effect
zone is c. , m, which exceeds the distances used in pre-
vious evaluations of giant panda habitat ( or  m; e.g.
Liu et al., ; Xu et al., ; Shen et al., ; Li et al.,
; Wu et al., ; Fan et al., ; Jian et al., ), and
therefore the area of suitable habitat for giant pandas may
have been previously overestimated. The influence of
roads on giant pandas may, however, vary between moun-
tain ranges, depending on the density of giant pandas and
road disturbance (State Forestry Administration of China,
).

Although giant pandas appeared to avoid roads up to a
threshold, there was no threshold in their response toT
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residences; these findings reflect the response patterns re-
ported by Eigenbrod et al. (). Other researchers have
claimed, on an empirical basis, that disturbance by resi-
dences has no influence on giant panda habitat use at dis-
tances . , m (Liu et al., ; Xu et al., ; Wu
et al., ; Jian et al., ) but our results show that resi-
dences can affect habitat use intensity even at distances up to
,m. Although the effect of residences on habitat use in-
tensity is not the same as their effect on habitat, researchers
should consider the influence of disturbance on both habitat
and habitat use intensity when considering habitat quality.

We found that habitat use intensity was generally higher
when pandas were closer to bamboo shoot collection sites
and trap sites (Table ). Why did the pandas not avoid
these two types of disturbance? Their responses may have
depended on whether a disturbance was fixed (e.g. roads, re-
sidences, mines, hydropower stations) or temporary (e.g.
bamboo shoot collection, trapping). Human presence at
the latter sites is likely to be less frequent, of shorter dur-
ation, and less intrusive. Regarding such non-fixed distur-
bances, Gill et al. () pointed out that wildlife could
return to utilize remaining resources after the disturbance.
Wei et al. () also found that although pandas retreated
from sites where bamboo shoots were being collected, they
returned to those sites after the collectors had gone. The
same may be true of non-fixed human disturbances in our
study area, and therefore bamboo shoot collection and trap-
ping may have only limited effects on the distribution of
giant pandas, with the extent of the influence varying ac-
cording to the frequency, duration and intensity of such
non-fixed disturbances.

TABLE 2 Summary of generalized linear models used to predict giant panda activity intensity, with the model variables, number of variables
in each model (K), Akaike information criterion (AIC), difference in AIC between the model and the top model (ΔAIC), and the Akaike
weight of the ith model (Wi).

Model Variables K AIC ΔAIC Wi*

Null Intercept only 0 548.085 56.728 0
Biogeography Elevation, slope, aspect 3 536.991 45.634 0

Elevation 1 533.324 41.967 0
Elevation, slope 2 535.226 43.869 0
Slope, aspect 2 552.078 60.721 0
Elevation, aspect 2 535.031 43.674 0

Disturbance Distance from road, bamboo shoot collection site 2 507.958 16.601 0
Distance from road, trap site 2 505.800 14.443 0
Distance from road, mine, hydropower station 3 515.807 24.45 0
Distance from road, bamboo shoot collection site, trap site 3 501.711 10.354 0.003
Distance from residence, bamboo shoot collection site, trap site 3 506.204 14.847 0

Disturbance & biogeography Elevation; distance from road, bamboo shoot collection site, trap site 4 491.357 0 0.592
Elevation; distance from residence, bamboo shoot collection site, trap site 4 493.408 2.051 0.212
Elevation; distance from bamboo shoot collection site, trap site 3 493.635 2.278 0.189
Elevation; slope; distance from road, logging or tree-felling sites 4 503.716 12.359 0.001
Slope; distance from road, bamboo shoot collection site, trap site 4 503.636 12.279 0.001

*Represents the probability that the ith model is the best model in the candidate group

FIG. 3 Line- and curve-fitting analysis of the relationship
between the giant panda’s habitat use intensity and distance to
(a) roads and (b) residences.
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As all fixed disturbances are closely related to roads,
roads may be the most significant source of disturbance to
the giant panda. Thus management of roads, and control-
ling their expansion, is essential in areas of giant panda habi-
tat, particularly within the road-effect zone. Residences are
another significant disturbance to the giant panda, and
therefore controlling the expansion and location of resi-
dences is imperative. The influence of other human distur-
bances on the giant panda should not be ignored. Bamboo
shoot collection, hydropower construction and mining
should be controlled to minimize their expansion into
areas of undisturbed habitat, and logging and trapping
should be prohibited. Our findings show that the type and
location of human disturbance can determine their influ-
ence on giant panda habitat, and the potential impacts of
multiple types of disturbances are complex and need to be
considered. We have passed our findings to the appropriate
authorities for use in informing conservation efforts for
the giant panda.
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