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Abstract Environmental heterogeneity contributes to various
habitats and may influence the diversity and activity patterns
of wildlife among habitats. We used camera traps to assess
wildlife habitat use in Guanyinshan Nature Reserve from
2009 to 2012. We focused on four types of habitat including
open areas with gentle slope (<15°) (Type1), low elevation
areas (about 1500–1700 m) with high bamboo coverage
(Type2), high elevation areas (about 2100–2300 m) with high
canopy coverage (Type3), and wildlife migration passages
(Type4). We analyzed the differences in species richness, rel-
ative abundance index (RAI), species diversity, and animals’
activity pattern among habitats. Total six species were ana-
lyzed on activity pattern, which are Takin (Budorcas
taxicolor), tufted deer (Elaphodus cephalophus), Himalayan
goral (Naemorhedus goral), wild boar (Sus scrofa), golden
pheasant (Chrysolophus pictus), and porcupine (Hystrix
hodgsoni). The results are (1) that there were significant

differences in richness and RAIt among habitats; (2) Type4
habitat had the highest richness and RAIt while Type2 had the
highest species diversity; giant pandas were found in these
two habitats; (3) there were significant differences in species’
activity during daytime and nighttime; and (4) differences
appeared in habitat preference of the most abundant species.
Takin and tufted deer preferred Type1, Himalayan goral pre-
ferred Type2, and golden pheasant preferred Type3. Type4
habitat was used by most animals. All these revealed that
habitat heterogeneity plays an important role in species diver-
sity and the importance for conservation.

Keywords Evenness . Giant panda . Habitat use . Relative
abundance . Richness .Wildlife

Introduction

Habitat is composed of different variables that would influ-
ence the allocation of time and energy by an individual
(Morris 1987; Jorgensen 2004; Liu et al. 2015; McCall et al.
2016). Habitat heterogeneity supports variation (Kotler and
Brown 1988) and may influence differences in diversity and
activity patterns of wildlife among these habitats. Leviten and
Kohn (1980) proved that habitat heterogeneity is an important
determinant of abundance and number of species. The avail-
ability of suitable habitats might determine abundance of spe-
cies on a local scale (Yahner 1982). Further, it is clear that
habitat partition and preference can explain the coexistence
of sympatric species (Manson and Stiles 1998; Palmer 2003;
Jorgensen 2004).

Many studies have investigated differences in habitat use in
a range of taxa, for example, on small mammals (Jorgensen
et al. 1995; Liang and Li 2004; Rocha et al. 2011), birds
(Hansen et al. 1995; Estrada et al. 2000), bats (Estrada and
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Coates-Estrada 2002; Medina et al. 2007), beetles (Harvey
et al. 2006), and some larger animals (Wei et al. 2000;
Zhang et al. 2004). Jorgensen (2004) explored the difficulties
in researching habitat use of small mammals by reviewing and
tabulating data from 70 studies, and he pointed out that the
limitations such as species, plots, and trapping efforts should
be taken into account. Christian et al. (1997) assessed bird and
mammal abundance, species richness, and species
composition on plantations and four other types of habitats
in the north central USA. Harvey et al. (2006) analyzed animal
diversity associated with different forms of tree cover for
birds, bats, butterflies, and dung beetles in a pastoral
landscape in Nicaragua. Medina et al. (2007) continued this
study and discussed movement patterns of bats in Nicaragua.
Viewed from these studies, the characteristics of habitat could
contribute to difference in diversity and analyzing diversity
among habitats is an important way to study habitat use.

However, studying habitat use of various animals is often a
difficult task, and people have been trying trapping methods
for various species. Trapping provides a classic means to ob-
tain capture data on small animals and has been used for de-
cades (Rendigs et al. 2003; Borchers 2012). For example,
Yahner (1986) used Tomahawk live traps to analyze habitat
partitioning by small mammals and explored relationships
with habitat variables through stepwise multiple regression
analyses. Douglass (1989) discussed habitat selection by deer
mice (Peromyscus maniculatus) using live trapping and radio-
telemetry in southwestern Montana. McShea and Gilles
(1992) used live trapping and fluorescent powder tracking in
Virginia for comparing the ability to quantify the foraging
movements of white-footed mice (Peromyscus leucopus).
Nevertheless, live-trapping, radio-telemetry, and powder
tracking are highly time and labor costing and weather condi-
tions can make it difficult to sustain a year-round effort.
Especially for medium-to-large animals, it is much more dif-
ficult. Camera trapping, which is a non-invasive method for
detecting wildlife activity, can provide photographic data for a
broad range of species and has the advantage of long-term,
non-stop data collection. It has become a mainstream tool in
conservation and ecology (Rowcliffe and Carbone 2008) and
is extremely useful when conditions preclude direct observa-
tion or efficient indirect surveys (Treves et al. 2010). Due to
these advantages, camera trapping has been widely used to
monitor wildlife diversity and activity patterns (Azlan and
Sharma 2006; Wang et al. 2006; Liu et al. 2013).

Our study site, Guanyinshan Nature Reserve (GNR), was
previously a timber logging bureau, and converted into nature
reserve in 2002 primarily for conserving giant pandas. It har-
bors abundant species and high species diversity (Wu et al.
2012; Liu et al. 2013; Jia et al. 2014). However, little is known
about the difference of wildlife diversity in various habitats in
GNR. Based on camera trapping data from August 2009 to

July 2012, we categorized four types of habitat and we hy-
pothesized that the frequently occurred species, the degree of
using habitat, and the activity pattern of animals are different
in these four types of habitat. Therefore, the aims of our study
are (1) to identify the dominant species in four types of hab-
itats, (2) to assess the degree of difference on using four types
of habitats, and (3) to analyze activity patterns of the most
abundant species in four types of habitats.

Methods

Research area

GNR was founded in 2002 with an area of 13,534 ha and is
located in the central portion of the Qinling Mountains (107°
51′–108° 01′ E, 33° 35′–33° 45′ N) in the core of its nature
reserve network (Fig. 1). The average annual temperature is
11.5 °C (ranging from −14.3 to 36.4 °C) and annual rainfall of
922.8 mm. The area is covered with three major forest types:
conifer forest, mixed conifer-broadleaf forest, and deciduous
broadleaf forest. The three major bamboo species are
Bashania fargesii, Fargesia spathacea, and Fargesia
dracocephala. The elevation ranges from 1150 to 2574 m.

According to the Third National Survey of giant pandas in
China (SFA 2006), giant pandas were found in two small areas
of GNR in recent years, namely the Liangfengya area and the
Xigou area (shown in Fig. 1). Based on this survey, we select-
ed these two areas (with a horizontal distance of about 6 km)
as our study regions. Liangfengya area is at higher elevation
(2100–2300 m) mainly characterized by mixed conifer-
broadleaf forest, and Xigou area is at lower elevation (about
1500–1700 m) with deciduous broadleaf forest. GNR is adja-
cent to Foping Nature Reserve (FNR), which has 76 giant
pandas (the highest population in Shaanxi) estimated from
the Third National Survey on giant pandas in China (SFA
2006) and also a highest density in China (Wang et al.
2010). As GNR recovered from logging operations (1971–
1998) and the population of giant panda in neighbor FNR
increased, we assumed that giant pandas would migrate from
neighbor FNR to GNR (Liu et al. 2009). The habitat quality of
GNR could therefore impact the survival of giant pandas as
well as other wildlife. According to the Fourth National
Survey on giant pandas in China, a total population of about
ten giant pandas was estimated in GNR according to the local
government’s document (unpublished).

Camera trapping and habitat identifying

In this research, we discussed sympatric animal diversity and
activity with camera traps with two branches of Quddaback
and Reconyx. Camera trapping, which can minimize human
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Fig. 1 Location of Guanyinshan Nature Reserve (GNR) in China and two key areas for camera trapping
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disturbance on animals, is one of the non-invasive methods in
wildlife monitoring. In August 2009 through July 2012, we
set up eight camera traps to detect wildlife in eight different
sites in two sensitive areas of GNR (Liangfengya and Xigou)
for long-term wildlife monitoring (Fig. 2). In order to make
two-type cameras working in an efficient way, we
downloaded camera trapping data every 3 or 4 months.
These eight sites contained four types of habitat based on four
environmental variables, including canopy coverage, eleva-
tion, slope, and bamboo coverage, which are Type1 (open
areas with gentle slope), Type2 (low elevation areas with high
bamboo coverage), Type3 (high elevation areas with high
canopy coverage), and Type4 (wildlife migration passages)
(Table 1). We mounted cameras on the trees at approximately
80 cm above the ground and aimed the sensor parallel to the
ground to cover the maximum area possible (Jenks et al.
2011).

After installation, camera data was collected at approxi-
mately 3-month intervals, depending on the status of battery
and the weather conditions. We carefully examined each
photo to identify species and record date and time of capture
into an Excel spreadsheet. According to Kawanishi et al.
(1999) and O’Brien et al. (2003), we removed repeating
photos which can be clearly recognized as the same individual
for further analysis. Moreover, we added a variable of season,
with May to October representing the summer-autumn period
and November to April representing the winter-spring period.
We counted the number of species in each summer-autumn

and winter-spring period and calculated the relative abun-
dance index (shown in Table 2) for each species in each
period.

Analysis of animal diversity and activity patterns

We used nine indices to reflect three aspects of animal using
habitats: species diversity (Ahumada et al. 2011; Liu et al.
2014a), relative abundance index (Chen et al. 2016), and ac-
tivity patterns (Liu et al. 2013; Liu et al. 2014b) shown in
Table 2.

Species diversity analysis

In ecology, diversity is an index which combined species rich-
ness and evenness. So, we chose species richness (R),
Shannon-Wiener diversity index (D), and Pilou evenness in-
dex (E) for analyzing species diversity and evenness. We also
tried to find the dominant wildlife species in four types of
habitat.

Relative abundance analysis

We used relative abundance index (RAI) to show the abun-
dance of species in each type of habitat. Liu et al. (2013) had
successfully put this method into practice. Here we introduced
three types of RAI (namely, RAIs, RAIt, RAIw), and the mean-
ing and calculation of them are shown in Table 2. RAIs and

Fig. 2 Eight sites for camera
trapping in two areas in
Guanyinshan Nature Reserve,
Shaanxi, China
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RAIw were calculated for each species while RAIt was for all
species in each habitat. The difference of RAIs and RAIw was
that the former was obtained when dividing the data with the
variable season and the later was obtained for whole research
years.

Activity pattern analysis

We made activity pattern analysis to look at how wildlife
response to four types of habitat. We developed daytime rela-
tive abundance index (DRAI) and nighttime relative abun-
dance index (NRAI) to compare the percentage of occurrence
of species at daytime and nighttime. We considered 6:00–
18:00 as the day period and the rest as the night period.
Based on RAIw, we selected the three most abundant species
for each habitat. Then we developed the time-period relative
abundance index (TRAI) to show the daily activity patterns
for the top 3 species in order to understand coexistence pattern
of species in each type of habitat. We divided 24 h of a day
into 12 periods (i.e., 0:00–2:00, 2:00–4:00, 4:00–6:00).

Significance test for R, RAIt, DRAI, and NRAI

For R, RAIt, DRAI, and NRAI, we adopted the Kruskal-
Wallis method to test the differences among four habitat types
and used the Mann-Whitney method to pair and test the var-
iation between each of the two habitat pairs. Statistical analy-
sis was performed in SPSS software, and the level of signifi-
cance was set at α = 0.05 or α = 0.01.

Results

Difference in species diversity among four types of habitat

During 3 years, we collected a total of 1693 photos and
identified 24 species (Table 3). Species richness in each
type of habitat (R) was 15, 17, 14, and 22 respectively
(Table 4). Low elevation areas with high bamboo cover-
age (Type2) had the highest value of diversity (D) at 2.21,
and open areas with gentle slope (Type1) had the lowest
diversity at 1.74. The peak evenness (E) was also obtain-
ed in low elevation areas with high bamboo coverage
(Type2) while wildlife migration passages (Type4) had
the lowest evenness.

Species richness was also calculated seasonally to
show the seasonal influence on animal diversity across
habitats. We found the richness changed with median
values of 9.00 ± 0.89 (mean ± SE), 10.00 ± 1.32,
8.00 ± 0.58, and 12.67 ± 1.38 for four types of habitat,
respectively (Fig. 3a). There was a significant difference
on species richness among four types of habitat (Kruskal-
Wallis: H = 8.508, df = 3, p = 0.037). The significant
differences existed between Type1 (open areas with gentle
slope) and Type4 (wildlife migration passages) habitats
(p = 0.037) and also between Type3 (high elevation areas
with high canopy coverage) and Type4 (wildlife migration
passages) habitats (p = 0.006). Regardless of seasonal
period, species richness in Type4 was always higher than
other three types of habitat. Species richness for Type1,

Table 1 Environmental variables of four types of habitat in Guanyinshan Nature Reserve, Shaanxi, China

Habitat type

Canopy cover

(%)

Elevation

(m)

Slope

( °)

Bamboo cover

(%)

Habitats at each site

Camera 1                 Camera 2 

Type1
Open areas with gentle 

slope

Camera 1 15 2269 20 20

Camera 2 10 2206 5 0

Type2

Low elevation areas 

with high bamboo 

coverage

Camera 1 20 1634 5 40

Camera 2 20 1613 5 50

Type3

High elevation areas 

with high canopy 

coverage

Camera 1 40 2225 30 30

Camera 2 40 2263 25 30

Type4
Wildlife migration 

passages

Camera 1 30 2282 35 40

Camera 2 25 2267 10 40

ba

a Boxes highlight the key characteristics of a habitat. b Photos were obtained from our cameras, representing typical species in these habitats
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Type2, and Type4 was higher during the summer-autumn
period (Fig. 3b) than the one during the winter-spring
period (Fig. 3c).

Difference in RAI among four types of habitat

While data divided by season, the relative abundance in-
dices (RAIt) in each type of habitat for all 3 years were
4.21 ± 1.15, 3.40 ± 0.83, 2.57 ± 0.25, and 6.50 ± 0.78
respectively (Fig. 4a). There was a significant difference
in seasonal RAI among four types of habitat (Kruskal-
Wallis: H = 9.289, df = 3, p = 0.026). Significant differ-
ences were also found between Type2 (low elevation
areas with high bamboo coverage) and Type4 (wildlife
migration passages) (p = 0.025) and also between Type3
(high elevation areas with high canopy coverage) and
Type4 (p = 0.004). For both periods, RAIt in Type4 was
higher than that in other three types of habitat, and Type1,
Type2, and Type4 all have higher RAIt in summer-autumn

period (Fig. 4b) compared with the one in winter-spring
period (Fig. 4c).

Difference of species occurrence at daytime and nighttime
among habitats

The daytime relative abundance index (DRAI) in each
habitat was 3.29 ± 0.86, 1.94 ± 0.44, 1.72 ± 0.23, and
4.20 ± 0.51, respectively (Fig. 5a). There was a significant
difference in DRAI among four habitats (Kruskal-Wallis:
H = 10.384, df = 3, p = 0.016). The difference of DRAI
was significant between Type2 (low elevation areas with
high bamboo coverage) and Type4 (wildlife migration
passages) (p = 0.016) and highly significant between
Type3 (high elevation areas with high canopy coverage)
and Type4 (p = 0.004).

The nighttime relative abundance index (NRAI) in each
habitat was 0.92 ± 0.39, 1.46 ± 0.44, 0.85 ± 0.14, and
2.29 ± 0.34 respectively (Fig. 5b). There was a significant
difference in NRAI among four habitats (Kruskal-Wallis:

Table 2 Descriptions of mathematical formulas used to calculate each variable

Formula Description

Species diversity R = n , Rik = nik

D ¼ − ∑
n

j¼1
P jlnPj

E =D/Dmax

Dmax = ln(n)

R = species richness.
n = No. of species in each type of habitat.
Rik = species richness in each habitat in each time period.
nik = No. of species in each habitat in each time period.
i = type of habitat (i = 1…4).
k = seasonal period for each year (k = 1…6).
D = Shannon-Wiener diversity index.
Pj = proportion of every species in each type of habitat.
j = each species in each habitat (j = 1…n).
E = Pilou evenness index.
Dmax: theoretical maximum of the diversity index.

Relative abundance
index (RAI) RAIs ¼ 100� Aijk

N
RAIt ¼ 100� ∑

n

j¼1

Aijk

N
RAIw ¼ 100� ∑

6

k¼1

Aijk

N

RAIs = relative abundance index for each species detected in each habitat in each
summer-autumn and winter-spring period of every year.

RAIt = relative abundance index of all species in each habitat in each summer-autumn
and winter-spring period of every year.

RAIw = relative abundance index for each species in each habitat for whole 3 years.
Aijk = No. of photo records for each species detected in each habitat in each

summer-autumn and winter-spring period of every year.
N = No. of photo records for all animals detected in 3 years (N = 1693).

Activity pattern

DRAI ¼ 100� Aid

N
NRAI ¼ 100� Aie

N

TRAI ¼ 100� Aij0t

N j0

DRAI = daytime relative abundance index.
NRAI = nighttime relative abundance index.
TRAI = time-period relative abundance index.
Aid = No. of photo records at daytime period in each habitat in each summer-autumn

and winter-spring period.
Aie = No. of photo records at nighttime period in each habitat in each summer-autumn

and winter-spring period.
d = daytime period of each winter-spring and summer-autumn in each year (d = 1…

6).
e = nighttime period of each winter-spring and summer-autumn in each year (e = 1…

6).
Aij’t = No. of photo records of each species in every time period in each type of habitat.
j’ = top 3 species in each habitat (j’ = 1…3).
t = time periods (t = 1…12).
Nj’ = No. of records of corresponding species in four types of habitat.
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H = 8.069, df = 3, p = 0.045). The difference of NRAI was
significant between Type1 (open areas with gentle slope)
and Type4 (p = 0.045) and extremely significant between
Type3 and Type4 (p = 0.006).

There also are highly significant differences in species oc-
currence between daytime and nighttime (p = 0.001) (Fig. 5c).

Habitat preference of high RAI species

The three species with the highest RAIw values in each habitat
were different (Table 5). Ungulates were the most abundant
species in three habitats except Type2 habitat (low elevation
areas with high bamboo coverage). Giant panda, a key species
of concern, was found only in Type2 and Type4 (wildlife
migration passages) habitats. So totally, the six species with
the highest RAIw values were analyzed further.

Figure 6 shows the habitat preference of these six species
with the highest RAIw in four types of habitat. Takin preferred
Type1 habitat (open areas with gentle slope) and Type4 hab-
itat, and the relative abundance in Type4 was above 15%.
Tufted deer accounted for the most in Type1 habitat.
Himalayan goral and wild boar were abundant in Type2 and
Type4 habitats. Golden pheasant preferred Type3 habitat (high
elevation areas with high canopy coverage) while porcupine
mostly used Type2.

The threemost abundant species in each of the four habitats
all showed higher activity patterns during the day, except por-
cupine which had higher activity patterns at night (Fig. 7).

Table 3 The list of 24 species photo recorded by camera traps in Guanyinshan Nature Reserve, Shaanxi, China

No. Species Latin name Conservation status Record number of photos NRAI DRAI

1 Himalayan goral Naemorhedus goral NT 219 34.7 65.3

2 Leopard cat Prionailurus bengalensis LC 27 88.89 11.11

3 Takin Budorcas taxicolor VU 584 30.99 69.01

4 Tufted deer Elaphodus cephalophus NT 229 34.93 65.07

5 Golden pheasant Chrysolophus pictus LC 135 15.56 84.44

6 Wild boar Sus scrofa LC 179 26.82 73.18

7 Chinese serow Capricornis milneedwardsii NT 58 58.62 41.38

8 Temminck’s tragopan Tragopan temminckii LC 61 21.31 78.69

9 Chinese muntjac Muntiacus reevesi LC 7 57.14 42.86

10 Porcupine Hystrix hodgsoni LC 33 100 0

11 Koklass pheasant Pucrasia macrolopha LC 27 18.52 81.48

12 Yellow-throated marten Martes flavigula LC 35 11.43 88.57

13 Eurasian badger Meles meles LC 15 100 0

14 Hog badger Arctonyx collaris VU 11 27.27 72.73

15 Pallas’s squirrel Callosciurus erythraeus LC 2 0 100

16 Golden monkey Rhinopithecus roxellana EN 17 11.76 88.24

17 Common vole Microtus arvalis LC 2 100 0

18 Siberian weasel Mustela sibirica LC 4 25 75

19 Asian black bear Ursus thibetanus VU 7 14.29 85.71

20 Giant panda Ailuropoda melanoleuca VU 6 0 100

21 Masked palm civet Paguma larvata LC 3 100 0

22 Spotted nutcracker Nucifraga caryocatactes LC 10 0 100

23 Domestic dog Canis familiaris – 1 0 100

24 Forest musk deer Moschus berezovskii EN 21 42.86 57.14

Conservation status is recorded by IUCN 3.1

EN endangered, VU vulnerable, NT near threatened, LC least concern

Table 4 Difference on species diversity among four types of habitat in
Guanyinshan Nature Reserve

Type1
(open
areas
with
gentle
slope)

Type2 (low
elevation
areas with
high bamboo
coverage)

Type3 (high
elevation
areas with
high canopy
coverage)

Type4
(wildlife
migration
passages)

Species richness
(R)

15 17 14 22

Shannon-Wiener
diversity (D)

1.74 2.21 1.90 1.93

Pilou evenness
index (E)

0.64 0.78 0.72 0.62
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Tufted deer and Himalayan goral had two activity peaks
(6:00–10:00 and 16:00–20:00) while the peak TRAI of tufted
deer was four times higher than that of Himalayan goral.
Pheasant had the peak value at 12:00–14:00. For species that
were the most abundant in more than one type, we found their
activity peaks to be consistent across habitats.

Discussion

The relationship between species richness, evenness,
and diversity

Diversity is a function of species richness and evenness and
provides a means of combining the measures rather than just
relying on richness for comparison (Magurran 1988; Wilsey
and Potvin 2000). Cotgreave and Harvey (1994) pointed out
that the evenness index shows the proportion of species within
communities. It is possible that the diversity of habitat with
fewer species and higher evenness was similar to that of hab-
itat with more species and lower evenness (Fu et al. 2005).
According to Magurran (2004), diversity index can be used to
extract information from a species abundance distribution into
a single statistic. Shannon-Wiener index is a popular diversity
index used often in conservation field which integrates both
species richness and evenness. In this research, we applied
Shannon-Wiener diversity index, and our results gave

evidence on incompletion of using only richness index.
Type4 habitat (wildlife migration passages) showed the
highest species richness and relative abundance index
(RAIt), while Type2 habitat (low elevation areas with high
bamboo coverage) had the highest diversity index as well as
evenness index (see Table 4). Takin dominated Type4 habitat
with a proportion of 48.79% of the captures and resulting in
low evenness index value (0.62). Type2 habitat owed a
middle-level richness but highest evenness which resulted in
a highest diversity in this research. We could see the role
played by species evenness.

Difference between evenness and our RAI

Generally, relative abundance means the proportion of species
and ought to correspond to meaning of evenness (James and
Rathbun 1981). Kirwan et al. (2007) also thought that even-
ness was a measure of the distribution of the relative abun-
dance of species in a habitat.

It should be mentioned that the relative abundance index
(RAI) in this paper was not the same as the one described by
James and Rathbun (1981) and Kirwan et al. (2007). All kinds
of RAI in this research were calculated using the number of
species’ photo records in each habitat divided by the number
of total photos records in all habitats. It revealed the difference
of animal species occurring among the various types of habitat
while the evenness index explained the distribution of species

Fig. 4 Difference in relative abundance index in each type of habitat in
Guanyinshan Nature Reserve. a Difference in relative abundance index
during all 3 years (RAIt). b RAIt of the summer-autumn period. c RAIt of
the winter-spring period. Type1 open areas with gentle slope, Type2 low

elevation areas with high bamboo coverage, Type3 high elevation areas
with high canopy coverage, Type4 wildlife migration passages. Single
asterisk and double asterisks represent significance levels of 0.05 and
0.01, respectively

Fig. 3 Differences in species richness (R) in each type of habitat in
Guanyinshan Nature Reserve. a Difference in species richness during
all 3 years. b R of the summer-autumn period for each habitat type. c R
of the winter-spring period for each habitat type. Type1 open areas with

gentle slope, Type2 low elevation areas with high bamboo coverage,
Type3 high elevation areas with high canopy coverage, Type4 wildlife
migration passages. Single asterisk and double asterisks represent signif-
icance levels of 0.05 and 0.01, respectively
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within each habitat. We have applied RAI in our previous
camera tracking studies successfully, and the findings got pub-
lished (Wu et al. 2012; Liu et al. 2013; Jia et al. 2014; Wang
et al. 2015). RAI has also been widely accepted in China and
applied by many wildlife researchers in their studies (Yu et al.
2013; Liu et al. 2014b; Zhang et al. 2015; Chen et al. 2016).

Indication of different species in each habitat

Our results support the ecological assumption that heteroge-
neity would form various types of habitat which are preferred
by different species (Rodríguez-Pérez et al. 2012) and that
relative abundance is a reflection of preference of species to
different habitat (Price and Kramer 1984). Here we noted that
Type4 habitat (wildlife migration passages) in our study rep-
resented a special habitat for wildlife to move for foraging and
other activities. Takin seemed to prefer Type1 habitat (open
areas with gentle slope) where they had the highest RAIw and
RAIs. Especially the RAIw value was about three times higher
compared to that in Type3 habitat (high elevation areas with
high canopy coverage). We also observed that more tufted
deer was detected in Type1 habitat, probably because open

habitat might facilitate vigilance behavior and threat detection
for deer (Zhang et al. 2004).

Many ecological factors can influence the wildlife activ-
ities, while food may be one of the most important factors
influencing animals’ distribution and occurring. Wild boar
preferred Type2 (low elevation areas with high bamboo
coverage) and Type4 habitats. Wild boar is predominately
an herbivore, and therefore, its distribution and occurring
are likely related to the amount of plant material (Leaper
et al. 1999). We assumed that these two types of habitat
provided abundant food for wild boar. In our another paper
published by Wang et al. (2015), we found that feeding was
the dominant behavior of wild boar for the whole year, tak-
ing a proportion of over 40% of the total behavior. Giant
pandas as a key species in GNR were only found in these
Type2 and Type4 habitats. We attribute this primarily to two
reasons: bamboo limits pandas’ distribution (Liu et al.
2005), and canopy conditions affect pandas’ activity.
Giant pandas are preferable to habitat with moderate canopy
(Hu 2001; Kang et al. 2011) as well as gentle slope. Yahner
(1982) also stated that the availability of suitable habitats
has a strong influence on abundance of various species,
which was agreed by our results too.

Fig. 5 Difference in species occurrences during daytime and nighttime in
Guanyinshan Nature Reserve. aDifference in daytime relative abundance
index (DRAI) during all 3 years. b Difference in nighttime relative abun-
dance index (NRAI) during all 3 years. cDifference in species occurrence
between DRAI and NRAI. Type1 open areas with gentle slope, Type2 low

elevation areas with high bamboo coverage, Type3 high elevation areas
with high canopy coverage, Type4 wildlife migration passages. Single
asterisk and double asterisks represent significance levels of 0.05 and
0.01, respectively

Table 5 The first three species with the highest RAIw values and key species in each type of habitat in Guanyinshan Nature Reserve, Shaanxi, China

Rank 1st species Rank 2nd species Rank 3rd species Giant panda

Type1 Takin Tufted deer Himalayan goral Absent

(Budorcas taxicolor) (photos 166) (Elaphodus cephalophus) (photos 130) (Naemorhedus goral) (photos 37)

Type2 Himalayan goral Wild boar Porcupine Present

(Naemorhedus goral) (photos 93) (Sus scrofa) (photos 81) (Hystrix hodgsoni) (photos 31)

Type3 Golden pheasant Takin Tufted deer Absent

(Chrysolophus pictus) (photos 74) (Budorcas taxicolor) (photos 66) (Elaphodus cephalophus) (photos 50)

Type4 Takin Himalayan goral Wild boar Present

(Budorcas taxicolor) (photos 322) (Naemorhedus goral) (photos 70) (Sus scrofa) (photos 64)

Type1 open areas with gentle slope, Type2 low elevation areas with high bamboo coverage, Type3 high elevation areas with high canopy coverage, Type4
wildlife migration passages.
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Variance of activity pattern of high RAI species in each
habitat

Our results showed that each habitat was used bymany animal
species which can be called sympatric species. However, we
have not found two species occurring in the same photo
among collected data by the paper writing time. Different
activity patterns indicate coexistence and partitioning of

species in different habitats (Fig. 7). The activity patterns in
our study were in agreement with previous studies. We knew
that takin, Himalayan goral, and tufted deer all demonstrated
the similar activity patterns and in which activities were more
frequent at dawn and dusk based on our dataset of 2-year
detecting (Wu et al. 2012). Zeng and Song (2001) drew sim-
ilar conclusion through studying daily active rhythm of four
radio-collared takin in FNR. Takin usually avoided acting at

Fig. 6 Habitat preference of six
species with the highest RAIw in
four types of habitat in
Guanyinshan Nature Reserve,
Shaanxi, China. Type1 open areas
with gentle slope, Type2 low
elevation areas with high bamboo
coverage, Type3 high elevation
areas with high canopy coverage,
Type4wildlife migration passages
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the highest temperature in the afternoon (Chen et al. 2007).
Fakhar-i-Abbas et al. (2011) indicated that Himalayan goral
spent major part of the night sleeping and were active during
the day in Pakistan, Azad Jammu and Kashmir. Porcupine is a
typical nocturnal animal (Saltz and Alkon 1989; Brown and
Alkon 1990), and we found a great proportion of their activity
occurring in the night between 18:00 and 6:00.

Both geographical region and definition of research param-
eters may influence the animals’ activity pattern. Russo et al.
(1997) analyzed 24-h activity of 17 radio-tracked wild boars
betweenMay and September in the Maremma Natural Park in
Central Italy and concluded that wild boar was more active at
night than at daytime. In our study, we obtained the different
result on the activity pattern of wild boars which were more
active in daytime than at night (see Fig. 7). There are two
reasons possibly to explain this difference. One could be the
geographical region’s impact on animal activity, such as
Russo et al.’s study in central Italy and our study in central
China. The other could be the definition on activity pattern
given by researchers. For instance, Russo et al.’s study defined
Bactive^ as moving state and Binactive^ as motionless state.
However, in our research, we defined active by using the RAI
during each time period (RAIt), which indicated the propor-
tion of occurrences of wild boar at different time periods. For
widely distributed species such as wild boar, variations of

ecological facts (e.g., habitat quality, food resource, ambient
temperature, and predator risk) and human activities in differ-
ent distribution areas may result in different activity patterns
too.

Furthermore, the activities of animals alternatively go up to
peak value at different time periods, which is an effective way
to avoid direct competition by sympatric animals to make
good use of resources (Dai et al. 2001). Habitat partitioning
is not only the means for coexistence of wildlife, but also is the
result of competition and adaptability of various species (Dai
et al. 1998). This can explain very well why we hardly obtain-
ed the camera tracking photos with two species occurring at
the same time.

Conclusion and implication

There exists significant difference in the number of species
and RAI among four types of habitat, and the characteristics
of each habitat strongly influence species activity patterns.
Type4 habitat (wildlife migration passages) had the most spe-
cies while Type2 habitat (low elevation areas with high bam-
boo coverage) had the highest species diversity and evenness
among the habitats. The top 3 species in each habitat with
highest RAI were different, and activity pattern showed their

Fig. 7 Activity pattern of three most abundant species in each type of habitat in Guanyinshan Nature Reserve
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preferences for different habitat. For the conservationmanage-
ment in the future, we should give more attention on those
areas with higher diversity and enhance the habitat quality as
possible, attempting to maintain more sympatric species and
promote their coexistence.
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