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Animal behaviour is an important component of conservation biology. However,
quantifying the behavior of wild animals comes with various challenges. New analytical
methods enabling researchers to quantify aspects of animal behaviour from time-stamped
camera trap data has circumvented some of these difficulties. In this study, we used
infrared-triggered camera trapping techniques to survey the activity patterns of golden
takin in Changqing National Nature Reserve in Qinling mountains, China, from April 2014
to October 2017. This study consisted of an intensive survey effort of 93, 606 camera days
at 620 sites, with a total of 12, 351 photographs of golden takin recorded. The results
showed that: (1) Two active peak periods of golden takin in May and November, with an
inactive period in February; (2) High rates of activity at dawn (06:00-08:00), dusk
(16:00-18:00), and during the daytime, with low activity at night; (3) Two seasonal
migration cycles of takin across an elevation gradient, with species habitating high-
elevations in summer, low-elevations in spring and autumn, and mid-elevations in winter;
and (4) Heightened activity in spring and autumn relative to summer and winter due to
seasonal migrations. This knowledge of takin behaviour should be incorporated into
management planning. For example, lower-altitude habitats suitable for the species should
be incorporated into the national park, human disturbance should be miniminized, forest
canopy coverage should be reduced. Continued monitoring of golden takin is necessary for
further development of species preservation plans.
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Animal behaviour is an important component of conservation biology. However, quantifying the behavior of

wild animals comes with various challenges. New analytical methods enabling researchers to quantify aspects

of animal behaviour from time-stamped camera trap data has circumvented some of these difficulties. In this

study, we used infrared-triggered camera trapping techniques to survey the activity patterns of golden takiu

Changqing National Nature Reserve in Qinling mountains, China, from April 2014 to October 2017. This

study consisted of an intensive survey effort of 93, 606 camera days at 620 sites, with a total of 12, 351

photographs of golden takin recorded. The results showed that: (1) Two active peak periods of golden takin

in May and November, with an inactive period in February; (2) High rates of activity at dawn (06:00-08:00),

dusk (16:00-18:00), aud during the daytime, with low activity at night; (3) Two seasonal migration cycles of

takin across an elevation gradient, with species habitating high-elevations in summer, low-elevations in spring and

autumn, and mid-elevations in winter; and (4) Heightened activity in spring and autumn relative to summer and

winter due to seasonal migrations. This knowledge of takin behaviour should be incorporated into management

planning. For example, lower-altitude habitats suitable for the species should be incorporated into the national

park, human disturbance should be miniminized, forest canopy coverage should be reduced. Continued

monitoring of golden takin is necessary for further development of species preservation plans.

Keywords: Wildlife behaviour; Seaonal migration; Remote sensing; Capture rate; Management implications;

National Park.

Introduction

Rapid economic development coupled with the impacts of global climate change have produced

unprecedented challenges for wildlife and their survival (Pereira et al., 2014). While enjoying material
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civilization, human beings have also brought serious large-scale environmental problems (Cardinale et al.,

2012; Hooper et al., 2012). A number of organisms are facing extinction crises largely driven by anthropogenic

disturbances, calling for increase awareness and entry into an era of biodiversity conservation (Jiang & Ma,

2014). Traditional conservation biology focuses on biology, ecology, population structure and genetics, and

largely ignores the science of animal behaviour, which can provide vital information for creating solutions that

promote long-term population survival (Sutherland, 1998). Animal behavior as a discipline seeks to understand

how animals perceive their external environment, and their relationships with surrounding habitat

characteristics (Piccione & Giannetto, 2011). The adjustment of behavior is the most direct manifestation of

wildlife in response to environmental stimuli, forming a certain regularity of expected behavioral patterns

(Giotto et al., 2013). Animal behaviour is an important component of conservation biology (Anthony &

Blumstein, 2000; Berger-Tal et al., 2011), and is of considerable interest to researchers and wildlife managers

(Caravaggi et al., 2017). For example, behavioural studies can increase our understanding of species’

movement and thus the best placements for corridor construction (Lapoint et al., 2013; Gastén et al., 2016),

population recovery (Shier & Owings 2006), where nature reserves should be placed (Brooker et al., 2016;

Greggor et al., 2016), and how successful animal reintroduction programs may be (Dunston et al., 2017). The

application of knowledge gained through animal behavior studies for solving conservation challenges is known

as “conservation behavior” (Blumstein & Fernandez-Juricic, 2014).

Quantifying the behaviour of wild animals is challenging (Rowcliffe et al., 2014). For example, metrics

such as the date of behavior may be lacking due to the distribution of animals in remote dense mountains that

are difficult access. Further, the animals of interest may occur at low densities, actively avoid humans, or are

nocturnal or crepuscular (O’Connell et al., 2010). Infrared-triggered camera trapping techniques that

Peer] reviewing PDF | (2019:10:42431:0:1:NEW 25 Oct 2019)


DLK
Highlight

DLK
Highlight

DLK
Highlight

DLK
Sticky Note
contradiction?

DLK
Highlight

DLK
Highlight

DLK
Highlight


Peer]

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

automatically record images of wildlife using motion sensor detection provide a solution to these problems

(Forrester et al., 2016). Camera trapping is a non-invasive method that generally causes minimum disturbance,

and can be left unattended in the field for several months, thus they are ideally suited for studying

nocturnal/crepuscular and rare/elusive species (Bowler et al., 2016; Agha et al., 2018). The advantages of

camera trapping in comparison to conventional field methods (observations from transect lines, radio telemetry)

are that images provide realiable evidence of an animal’s presence and identity (Bowler et al., 2016; Potter,

Brady & Murphy, 2018), and can record additional details including time, date, location, and temperature (Li

etal., 2010).

The use of technology in nature studies confers a number of important benefits (Hamel et al., 2012).

Camera trapping is becoming increasingly popular survey tool in ecology and conservation for investigating

species distributions (Pyskova et al., 2018; Johnson et al., 2019), estimating population abundance (Carter,

Potts & Roshier, 2018; Tarugara et al., 2019), and cataloging diversity (Husoda et al., 2019; Oliveira, de

Morais & Terrible, 2019). Camera trapping is also well suited for behavioural studies, providing opportunities

to undertake extensive and detailed sampling of wildlife behavioural repertoires (Burton et al., 2015;

Caravaggi et al., 2017). Studies using camera traps for behavioral applications include those surrounding

reproduction (Crawford et al., 2019), corridor construction (Harmsen et al., 2010; LaPoint et al., 2013),

dispersal or seasonal migration (Srivastave & Kumar, 2018), foraging (Mengiilliioglu et al., 2018), predation

(Weckel, Giuliano & Silver, 2006; Akcali et al., 2019), and daily activity patterns (Xue et al., 2015).

The takins (Budorcas taxicolor) are gregarious bovid herbivores comprised of four subspecies that reside

in steep and dense montane regions of central and southeastern China, with two of the four subspecies

extending into Bhutan, northeast India and northern Myanmar (Wu, 1986; Sangay, Rajaratnam & Vernes,
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2016). The takin is listed as Vulnerable by the IUCN red list due to their limited geographic range, over-

hunting, deforestation, and habitat loss (Song, Smith & MacKinnon, 2008). Over the past few decades, the

Chinese government has implemented numerous conservation programs including the Grain-to-Green program

and the Natural Forest Conservation Program (Li et al., 2013; Zhang et al., 2007) to protect and improve

habitat for native wildlife. At present, most pre-existing key threats for the species have been mitigated, and

populations are now beginning to increase (Yuan & Sun, 2007). As a species of public interest, takin is a focus

of researchers. Previous behavioural studies of the species include home range size (Guan et al., 2015),

foraging strategies (Schaller et al., 1986; Zeng et al., 2011), seasonal migration (Ge et al., 2011; Guan et al.,

2013), rutting (Wang et al., 2006), and diurnal activity rhythms (Zeng et al., 2001a; Chen et al., 2007). These

studies reported behavior on only either a spatial or temporal scale, but were unable to provide the change

across spatial or time due to lacking date availability. However, camera trapping allows for the application of

analytical methods that enable scientists to quantify aspects of activity patterns by linking capture images with

spatial and temporal data. This offers the opportunity to address unresolved questions such as variation in

activity patterns along the spatial and temporal niche axis (Frey et al., 2017).

In this study, we used infrared-triggered camera trapping techniques to survey the behaviour of takin with

the following obejectives: (1) examine the diel and seasonal activity patterns of golden takin; (2) determine

seasonal migration patterns; and (3) assess activity patterns along both spatial and temporal niche dimensions.

Our results allow for an accurate description of the spatial-temporal activity pattern of the species, which can

be used to guide effective management.

Materials & Methods

Study sites
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The study area is in the Changqing National Nature Reserve (107°25'-107°45" E, 33°26'-33°43' N). The

reserve was established in 1994 and selected as the first global green list of best management protection sites

in 2014 and further upgraded to a National Park pilot of China in 2017. This reserve is located on the southern

slopes of the Qingling mountains in southwest China, and serves to provide protection for the giant panda

(diluropoda melanoleuca), golden monkey, (Rhinopithecus roxellarae) takin and other sympatric species. The

habitat diversity supports a large number of wildlife. Among the species present, 10 are listed as Class I state

key protected wild animals in China and 52 as class II. The reserve covers an area of approximately 299.06

km?, with elevations ranging from 800 to 3, 000 m. The average annual temperature is 7.26 °C, and the

average annual rainfall is 813.9 mm. The vegetation varies with elevation with the major forest types being

broadleaf deciduous (above 2, 300 m), mix coniferous and deciduous (2, 300-2, 500 m), and coniferous forest

(2, 500-2, 600 m). Some interspersed subalpine shrubs and meadows are present on mountain peaks (above 2,

600 m). An isolated subspecies of takin, Budorcas taxicolor bedfordi, occupies the Qinling mountains

(Appendix I). The Qinling mountains serve as the northern most range of the species, and approximately 5,

000 individuals inhabit this area (Forestry bureau of Shaanxi Province, 2001). Approximately 400 individuals

inhabit Changqing National Nature Reserve (Yuan & Sun, 2007).

Data preparation

We used infrared camera-trapping to systematically survey golden takin in Changqing National Nature

Reserve from April 2014 to October 2017. The reserve was divided into 4 km? blocks with GIS10.1 (ESRI Inc.,

Redlands, CA) (totally 118 blocks; cell size 2 kmx2 km, Figure 1). Every block was divided into four smaller

cells (cell size 1kmx1km). One infrared camera was placed in each cell for 4 to 6 months, then moved to an

adjacent cell in the same block with >300 m spacing maintained between cameras. Due to difficultly in
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navigation, remote areas inaccessible to humans did not have cameras. Multiple cameras occasionally occupied

one to three small cells at a time. A total 620 sites were obtained. Cameras were attached to trees at an average

height of 50 cm above the ground at areas likely to be used by animals (e.g., water holes, trails) at a distance of

3-8 m to maximize detection probability and with the aim of obtaining fully body images.

We used one hundred Ltl-6210 (Shenzhen Ltl Acorn Electronics Co. Ltd) cameras with the mode of

“Image+Video”. All images were taken with high-quality full colour resolution of 12 Mpx and 1080p

resolution video, 2 images per trigger and 15 sec video length. The cameras were set to operate 24 hours a day

with a 2 min delay between photographs. The sensitivity of the infrared sensor was set to moderate. All other

default settings were used. A time/date, GPS location, and ambient temperature were taken for every trigger

event and automatically stamped on each photograph. SD cards and batteries were replaced upon movement of

cameras between cells.

Data analysis

We classified photographs as belonging to independent detection if more than 30-min had elapsed between

consecutive photographs of the same species at a given location (Blake et al., 2011; Li et al., 2010). For

example, a takin remaining in front of a camera triggering multiple images were only considered a single

capture event. We calculated the Capture Rates (CR) of golden takin with the following formula (Li et al.,

2010; Blake et al., 2014):

CR=(Nx100)/T (1)

Where W is the total number of independent detection photographs of golden takin and 7 is the total
effective camera days of all camera sites. At the end of each monitoring session, cameras were confirmed to

still be operational; if not, the date on the last photograph was taken as the last date of operation.
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We used a Daily Activity Index (DAI) to examine the daily activity level (Zhang et al., 2012: Liu et al.,

2013):

DAI = (Nix 100) / N )

Where i is the 2-h interval, such as 06:00-08:00; Ni is the total number of independent detection photographs

of golden takin within a 2-h interval; and N is the total number of independent detection photographs of golden

takin.

We designated seasons as spring (March-May), summer (June-August), autumn (September-November),
and winter (December to February) based on the climate of Changging (Ren, Yang & Wang, 2012). We
considered the period of 18:00-06:00 as the nignt period, and 06:00-18:00 as the day period. A chi-square test
was used to assess differences in the selection of altitude in the activity intensity of golden takin. Statistical
analyses were performed in SPSS 19.0 (IBM Inc., New York, NY), and data expressed as Mean + standard
deviation (Mean = SE).

Results
1. Camera-trap survey efiuit

We used infrared camera-trapping to systematically survey golden takin, with an intensive survey effort
of 93, 606 camera days at 620 sites (90 blocks, Figure 2). Of these, 47 sites were lost to camera failure due to
camera damage and loss. There were a total of 12, 351 photographs of golden takin recorded at 382 sites cross
90 survey blocks (2x2 km), and 3 323 independent photographs after a 30-min elapse period between
consecutive phowgraphs. The activity range of the species were difference over seasons with 234 sites in
spring (72 blocks), 115 sites in summer (53 blocks), 244 sites in autumn (69 blocks), and 102 sites in winter
(48 blocks). The number of golden takin photograph detections fluctuateed, with a maxima in spring (1088
images) and autumn (1169 images), and a marked reduction in photograph detection over summer (686 images)
and winter (380 images).

2. Annual activity pattern of species
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There were two obvious active peak periods of golden takin in May (CKk=5.37) and November (CR=5.84),
and inactive period in February (CR=1.57). The annual activity pattern were as follows: low levels of activity
from February to March with a gradual increase in April followed by an activity peak in May and gradual
decline until low levels were again reach in August. Activity then began to increase and reach another peak in
November followed again by a gradual decline. The average amhient temperature recorded by the infrared
camera at the time of the activity showed that the range of preferred temperatures for species activity was

between -1.14+4.84 °C in January and 17.05+4.31 °C in August (Figt =2.5).
3. Daily activities and seasonal differences

High levels of activity during the day were consistently recorded from 06:00 to 08:00 (DAI=11.47%) and
16:00 to 18:00 (DAI=16.16%), while low levels of activity were recorded from 20:00 to 06:00 at night
regardless of season. A few takin showed nocturnal activity from 00:00-02:00 (DAI=5.54%). Overall, records
were predominantly at dawn and dusk and during the daytime (06:00-18:00, DAI=68.23%), with relatively few
records during the night (18:00-06:00, DAI=31.77%). In spring, summer, autumn and winter, golden takin had
similar daily activity patterns with two peaks in the time periods of 06:00-8:00 and 16:00-18:00, except the
second activity peak in spring presented 2-h later (18:00-20:00) and the first peak in winter 2-h later (08:00-
10:00, Figuic 4).

4. Seasonal migration of golden takin

The infrared-camera data of takin ranged in elevation from 985 m to 2 958 m, and exhibited distinct
altitude change between months (x*=698.33, df=11, P=0.000). Takin were recoreded at their highest elevations
in June (2260.58+492.38 m) and lowest elevations in April (1765.82+413.46 m), and there were two distinct
seasonal vertical migration cycles. The seasonal migration patterns were as follows: the first migration
occurred from May (1993.15+509.34 m) to October (1841.05+246.04 m), as takin steadily ascended in
elevation until reaching their highest elevation during June (2260.58+492.38 m). The second migration
occurred from November (1807.91+326.83 m) to February (1849.36+320.11 m), with takin moving up from
lower elevations from November through December (1880.67+342.83 m) to mid-elevation where they remain
for 2 months in January (1891.26+£268.67 m) and February. From March (1788.56£304.00 m) to April, takin
gradually returned to lower elevation valleys. Seasonal migrations during the spring and autumn resulted in

larger activity range sizes than summer and winter. In spring, autumn, and winter, the elevation of the takin
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during the daytime (06:00-18:00) was higher than that at night (18:00-06:00), with the reverse pattern occuring
in the summer (Figure 5).
Discussion

Traditional methods for surveying animal behaviour depend either on direct observation, or tagging (e.g.
radio tracking through attaching telemetry devices to animals) (Nathan et al., 2012). Unfortunately, both
methods have limitations for impeding understanding of behavioural ecology (Rowcliffe et al., 2014). Direct
observation can be extremely labour intensive and weakened by the influence of human presence on focal
animals. Futhermore, only a limited number of species are amenable to direct, field-based observation (Bridges
& Noss, 2011; Nowak et al., 2014). Tag-based approaches are invasive applied to only a small sample size,
and thus can not be representive of the wider population (Guan et al., 2013; Rowcliffe et al., 2014). An
alternative to tagging is placement of infrared sensors in the environment, rather than on the animals, such as is
done with camera trapping. The advantages of camera trapping is that it is less time consuming, less costly,
minimally invasive, and removes the need for an observer in situ, thereby reducing the potential bias of human
presence on behaviour (Caravaggi et al., 2017). Futuremore, animal behaviour events recorded by camera traps
are typically a cumulative composition of many individual animals, allowing for population level measures
that can be compared through space and time. However, despite the great promise of camera traps, it is
important to consider potential limitations. First, camera traps can be triggered by an abrupt change in
temperature across a fan-shaped area in front of the unit, thus placing cameras in likely animal-use areas is
crucial, as determined by experience in the field. Second, the sound and visible light produced by the camera
upon recording may dispurt the animal’s natural behaviour (Meek, Ballard & Falzon, 2016); Third, camera
failure and theft is common, and can result in the loss of large quantities of data; Fourth, a key limitation of our
methods is the need to assume that wider population are active at the peak of activity cycle.

Wildlife activity patterns are evolunarilty adaptive, and are a survival strategy in response to surrounding
environmental conditions (Hofmann, 1989). With seasonal changes, most wildlife experience a complete
annual activity cycle from estrus, mating, spawning, migration, and wintering. According to our analysis, the
annual activity pattern of takin is consistent with seasonal migration, with the capture rate during migration

seasons (spring and autumn) significantly higher than during non-migration seasons (summer and winter). This
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is likely due to an expanded range during migration seasons, while movement becomes more confined during
non-migration seasons. From June to August, golden takin were observed in large groups at high altitudes
engaging in rutting behaviour. Male takin may take more time to rest druing the rut (Guan et al., 2012), while
females must conserve energy for breastfeeding in winter from February to March (Wang et al., 2005, 2006),
therefore, the capture rate of species was lower during the non-migration seasons. We found no evidence of a
significant direct effect of ambient temperature on the annual activity pattern of the species. However, overall
trends show a lower capture rate in January (CR=2.52) and February (CR=1.57) when it is cold, although
higher rates were noted in December (CR=5.59), and lower capture rates in July (CR=2.84) and August
(CR=1.88) when it is warm.

Daily activity patterns are often driven by circadian rhythms and periodical changes in environmental
stimuli (Aschoff et al., 1966). Animals must optimize the amount of time for different activities, and distribute
those activities temporally during a 24-h cycle (Fernandez-Duque, 2003). Golden takin exhibited with the most
activity at dawn (6:00 to 08:00 am) and dusk (16:00 to 18:00 pm). This is similar to previous findings from
radio-collared studies on the species (Zeng & Song, 2001). Peak activity often occurred in dawn and dusk
when temperatures were relatively cool with low humidity, and takin spent this time foraging and moving
slowly. Peak rumination often occurred next to peak foraging from 10:00 to 14:00 and rumination was also
often accompanied with resting. Takin may lay under tall trees or stone cliffs to keep themselves cool. The
species generally reduced movement and activity during this time period (Zeng & Song, 2001; Chen et al.,
2007). While most golden takin rested from 00:00 to 02:00 at night, a small portion of individuals were active.
Previous studies indicate that there may be a sentry system that exists in some populations (Wu et al., 1990).
This indicates the importance of camera trapping studies as mechanisms to capture many individuals and being
more wholely presentative of the population, while a limitation of tag-based studies (Guan et al., 2012).

Seasonal migration is a common survival strategy that allows herbivores to optimize living conditions
throughout the year (Pettorelli et al., 2007). We found a complicated seasonl migration of golden takin that
progress from high-elevation meadows in summer to mid-elevation arrow bamboo and fir forest in winter, and
low-elevation valleys in spring and autumn, this migration pattern was similar to previous reported (Zeng et al.,

2008). We believe seasonal temperature change and change in plant phenology and its influence on food
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resources are the key driving forces in the evolution of migration of golden takin (Zeng et al., 2001b). For
golden takin, the climate became warmer at low elevation areas in spring, gradually descended to the low-
elevation in response to the first greening of vegetations within the valley to replenish their energy after the
cold winter. Takin next ascend to high-elevation because more nutritious foraging is available. This is in
conjunction with a cooler environment, fewer biting insects and safer mating (Wu et al., 1990; Zeng et al.,
2010). The climate then becomes colder, and the decrease and senescence of vegetation at high-elevation areas
forces the species to return to low-elevation in autumn in search of unwithered forage to accumulate energy for
the coming winter. However, the takin’s seasonal migration from autumn to winter was not consistent with
temperature changes. Takin moved up to mid-elevation bamboo and fir forest to use the bamboo as food
resource and the forest as thermal shelter from heavy snow and cold wind. In addition, selection for mid-
elevation areas with high solar radiation and could be a strategy of thermal adaptation during winter (Zeng et
al., 2008; Zeng et al., 2010; Guan et al., 2012). The underlying mechanisms and signals that initiate seasonal
migrations are not yet fully understood and require further study, especially in regards to migration patterns
during winter.

Camera trap rely on a passive infrared sensor to detect a differential in heat-and-motion between a subject
and ambient temperature. A limitation of sensors is the way they detect differences between the animal and the
ambient temperature (Rovero et al., 2013). Optimum conditions for camera trap triggering is 2.7 °C greater
than ambient temperature (Meek, Ballard & Falzon, 2012). Despite the minor errors, ambient temperature at
hand ranges from -1.14+4.84 °C in January tol17.05+4.31 °C in August, could be a preferred reference
temperature for species management guide.

Management implications

As a flagship species in China, golden takin is a focus of conservation effort. The government of China
has listed the golden takin in the key program of biodiversity conservation, and will establish a national park
specially for protecting species in the Qinling mountain range. Behvioural studies using camera traps are in
their infancy, data taken from of a still image or video of golden takin can provide a wealth of information that
is of conservation value. Based on our results, we propose the following conservation strategies for takin in the

Qinling mountains of China.
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1. Include lower-altitude habitats suitable for takin into national park plans.

Many studies have documented that golden takin only reside in suitable habitat >1350 m (limited by
traditional agriculture) in Qinling mountain. Most nature reserves were established decades ago without
considering lower parts of mountain regoins. With the implementation of conservation programs, many lower-
altitude farmland returned to forests, and these areas now constitute suitable habitat. Conssequently, the range
of proposed national parks should include these areas, particularly in regard to new knowledge of takin
migration in spring and autumn.

2. Reduce the negative impacts of human disturbance.

Poverty is still prevalent for those living around the nature reserve. Residents rely on local forests for
firewood and construction material. The daily life of local villagers is closely linked to reserve resources (e.g.
collecing bamboo, mushrooms in spring, and herbs in autumn). These disturbances negatively affect the
seasonal altitudinal movement of species. Consequently, we recommend that anticipatory actions might focus
on idenitfying areas at risk for high levels of human disturbance, and establish early-detection and rapid
response protocols to discourage humans from sensitive areas during migration periods. All issues relating to
both nature conservation and community development must be addressed to promote sustainability of both
wildlife and local livlihoods.

3. Reduce the forest canopy coverage.

The Qinling mountains is considered as a natural boundary separating temperate and subtropical zones
where the temperature and rainfall are suitable for plant growth, making vegetation in the these regions quick
to recover. Vegetation succession has changed the habitat of golden takin, since most of the vegetation was
evergreen and covered the neighboring plants, resulting in understories becoming impoverished by takin
feeding. As effective approaches for management of vegetation, fire-maintained and selectively logged forests
have been widely used in habitat management. Thus, we suggest that burning or selective logging methods
should be conducted in evergreen forests. Both of these approaches can increase species diversity and biomass.
4. Strengthen golden takin monitoring efforts.

In recent years, the Chinese government has implemented many conservation programs to protect and

improve habitat for wildlife, and many wild animal populations in the Qinling mountains have begun to
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recover. Human-wildlife conflict has intensified around Qinling mountains, and the potential for golden takin
to cause agricultural damage in lower elevation has curbed the enthusiasm of local villagers to support the
national park. Camera traps detected domestic dogs frequently the forest, which may result in predation
pressure on takin calves. In addition, diseases such as pinkeye and tumour growth were seen in video of golden
takin (Appendix I). Thus, long-term monitoring programs should be carried out to regularly assess the
advancement and mitigation of ongoing threats to the species.

Acknowledgments

We thank all staff of the Changqing nature reserve who participated in the field survey.

References

Agha M, Batter T, Bolas EC, Collins AC, da Rocha DG, Monteza-Moreno CM, Preckler-Quisquater S, Sollmann R. 2018.
A review of wildlife camera trapping trends across Africa. African Journal of Ecology 56(4):694-701.

Akcali CK, Adan Pérez Mendoza H, Salazar-Valenzuela D, Kikuchi DW, Guayasamin JM, Pfennig DW. 2019. Evaluating

the utility of camera traps in field studies of predation. PeerJ 7(4):e6487.

Anthony LL, Blumstein DT. 2000. Integrating behavior into wildlife conservation: the multiple ways that behavior can reduce
Ne. Biological Conservation 95(3):303-315.

Aschoff J. 1966. Circadian activity pattern with two peaks. Ecology, 47, 657-662.

Berger-Tal O, Polak T, Oron A, Lubin Y, Kotler BP, Saltz D. 2011. Integrating animal behavior and conservation biology: a

conceptual framework. Behaviour Ecology 22(2):236-239.

Blake JG, Mosquera D, Guerra J, Loiselle BA, Romo D, Swing K. 2011. Mineral licks as diversity hotspots in lowland forest
of eastern Ecuador. Diversity 3(2):217-234.

Blake JG, Mosquera D, Guerra J, Loiselle BA, Romo D. 2014. A hotspot for jaguars Panthera onca (Carnivora: Felidae)?
Camera-traps and jaguar activity at Tiputini Biodiversity Station, Ecuador. Revista de Biologia Tropical 62(2):689-698.

Blumstein DT, Fernandez-Juricic E. 2004. The emergence of conservation behavior. Conservation Biology 18(5):1175-1177.

Bowler MT, Tobler MW, Endress BA, Gilmore MP, Anderson MJ. 2017. Estimating mammalian species richness and

occupancy in tropical forest canopies with arboreal camera traps. Remote Sensing in Ecology and Conservation 3(3):146-157.

Bridges AS, Noss AJ. 2011. Behaviour and activity patterns. Pp. 57—69. in: O’Connell, A. F., J. D. Nichols, and K. U. Karanth.
eds., Camera traps in animal ecology: methods and analyses. Springer, New York.

Brooker RM, Feeney WE, White JR, Manassa RP, Johansen JL, Dixson DL. 2016. Using insights from animal behavior and
behavioural ecology to inform marine conservation initiatives. Animal Behaviour 120:211-221.

Burton AC, Neilson E, Moreira D, Ladle A, Steenweg R, Fisher JT, Bayne E, Boutin S. 2015. Review: wildlife camera
trapping: a review and recommendations for linking surveys to ecological processes. Methods in Ecology and Evolution
52(3):675-685.

Caravaggi A, Banks PB, Burton AC, Finlay CMYV, Haswell PM, Hayward MW, Rowcliffe MJ, Wood MD. 2017. A review
of camera trapping for conservation behavior research. Remote Sensing in Ecology and Conservation 3(3):109-122.

Cardinale BJ, Duffy JE, Gonzalez A, Hooper DU, Perrings C, Venail P, Narwani A, Mace GM, Tilman D, Wardle DA,

Peer] reviewing PDF | (2019:10:42431:0:1:NEW 25 Oct 2019)


DLK
Highlight


Peer]

344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383

Kinzig AP, Daily GC, Loreau M, Grace JB, Larigauderie A, Srivastave DS, Naeem S. 2012. Biodiversity loss and its
impact on humanity. Nature 486(7401):59-67.

Carter A, Potts JM, Roshier DA. 2018. Toward reliable population density estimates of partially marked populations using
spatially explicit mark-resight methods. Methods in Ecology and Evolution 9(4):105-113.

Chen W, Shen Q, Ma QY, Pan GL, Lei CZ. 2007. Diurnal activity rthythms and time budgets of captive Qinling golden takin
(Budorcas taxicolor bedfordi) in the Qinling Mountains, Shaanxi, China. Journal of Forestry research 18(2):149-152.

Crawford DA, Cherry MJ, Kelly BD, Garrison EP, Shindle DB, Conner LM, Chandler RB, Miller KV. 2019. Chronology
of reproductive investment determines predation risk aversion in a felid-ungulate system. Ecology and Evolution 9(6):3264-
3275.

Dunston, E. Abell J, Doyle RE, Duffy D, Poynter C, Kirk J, Hilley VB, Forsyth A, Jenkins E, Mcallister D, Freire R. 2017.
Does captivity influence territorial and hunting behavior? Assessment for an ex situ reintroduction program of African lions
Panthera leo. Mammal Review 47(4):254-260.

Fernandez-Duque E. 2003. Influences of Moonlight, Ambient Temperature and Food Availability on the Diurnal and Nocturnal
Activity of Owl Monkeys (dotus azarai). Behavioral Ecology & Sociobiology 54(5):431-440.

Forrester T, O’Brien T, Fegraus E, Jansen PA, Palmer J, Kays R, Ahumada J, Stern B, McShea W. 2016. An open
standard for camera trap data. Biodiversity Data Journal 4:¢10197.

Forestry bureau of Shaanxi Province. 2001. Report on the survey of Wildlife resource in Shaanxi. Forestry bureau of Shaanxi
Province, unpublished.

Frey S, Fisher JT, Burton AC, Volpe JP. 2017. Investigating animal activity patterns and temporal niche partitioning using
camera-trap data: challenges and opportunities. Remote Sensing in Ecology and Conservation 3(3):123-132.

Gastén A, Blazquez-Cabrera S, Garrote G, Mateo-Sanchez MC, Beier P, Simon MA, Saura S. 2016. Response to
agriculture by a woodland species depends on cover type and behavioural state: insights from resident and dispersing Iberian
lynx. Journal of Applied Ecology 53(3):814-824.

Ge BM, Guan TP, Powell D, Mcshea WJ, Song YL. 2011. Effects of an earthquake on wildlife behavior a case study of takin
(Budorcas taxicolor) in Tangjiahe National Nature Reserve, China. Ecology Research 26(1):217-223.

Guan TP, Ge BM, Powell DM, Mcshea WJ, Li S, Song YL. 2012. Does a temperature ungulate that breeds in summer exhibit
rut-induced hypophagia? Analysis of time budges of male takin in Sichuan China. Behavioural Processes 89(3):286-291.

Guan TP, Ge BM, Mcshea WJ, Li S, Song YL, Stewart CM. 2013. Seasonal migration by a large forest ungulate: a study on
takin (Budorcas taxicolor) in Sichuan Province, China. European Journal of Wildlife Research 59(1):81-91.

Guan TP, Ge BM, Chen LM, You ZQ, Tang ZH, Liu H, Song YL. 2015. Home range and fidelity of Sichuan takin. Acta
Ecologica Sinica 35(6):1862-1868.

Giotto N, Picot D, Maublance ML, Gerard JF. 2013. Effects of seasonal heat on the activity rhythm habitat use, and space use
of beira antelope in southern Djibouti. Journal of Arid Environments 89:5-12.

Greggor AL, Berger-Tal O, Blumstein DT, Angeloni L, Bessa-Gomes C, Blackwell BF, St Clair CC, Crooks K, de Silva S,
Fernandez-Juricic E, Goldenberg SZ, Mesnick SL, Owen M, Price CJ, Saltz D, Schell CJ, Suarez AV, Swaisgood RR,
Winchell CS, Sutherland WJ . 2016. Research priorities from animal behavior for maximizing conservation progress.
Trends in Ecology & Evolution 31(12):953-964.

Hamel S, Killengreen ST, Henden JA, Eide NE, Roed-Eriksen L, Ims RA, Yoccoz NG. 2013. Towards good practice

guidance in using camera-traps in ecology: influence of sampling design on validity of ecological inferences. Methods in

Ecology and Evolution 4(2):105-113.

Peer] reviewing PDF | (2019:10:42431:0:1:NEW 25 Oct 2019)


DLK
Sticky Note
References out of correct order


Peer]

384
385
386
387
388
389
390
391
392
393
394
395
396

397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424

Harmsen B J, Foster R J, Silver S, Ostro L, Doncaster CP. 2010. Differential use of trails by forest mammals and the
implications for camera-trap studies: a case study from Belize. Bitropica 42(1):126-133.
Hofmann RR. 1989. Evolutionary steps of ecophysiological adaption and diversification of ruminants: a comparative view of
their digestive system. Oecologia 78(4):443-457.
Hooper DU, Adiair EC, Cardinale BJ, Byrnes JE, Hungate BA, Matulich KL, Gonzalez A, Duffy JE, Gamfeldt L,
O’Connor MI. 2012. A global synthesis reveals biodiversity loss as a major driver of ecosystem change. Nature
486(7401):105-108.
Husoda T, Febrianto P, Megantara EN, Shanida SS, Pujianto MP. 2019. Diversity of mammals in forest patches of Cisokan,
Cianjur, West Java, Indonesia. Biodiversitas 20(5):1281-1288.

Jiang ZG, Ma KP. 2014. Principles of Conservation Biology. Science Press, Beijing.

Johnson CL, Hilser H, Andayani N, Hunowu I, Linkie M, Patandung A, Pursparini W, Rahasia R, Bowkett AE. 2019.
Camera Traps Clarify the Distribution Boundary between the Crested Black Macaque (Macaca nigra) and Gorontalo
Macaque (Macaca nigrescens) in North Sulawesi. International Journal of Primatology 40(2):162-166.

LaPoint S, Gallery P, Wikelski M, Kays R. 2013. Animal behavior, cost-based corridor models, and real corridors. Landscape
Ecology 28(8):1615-1630.

Li S, Mcshea WJ, Wang DJ, Shao LK, Shi XG. 2010. The used of infrared-triggered cameras for surveying phasianids in

Sichuan Province, China. /BIS 152(2):299-309.

Li Y, Viiia A, Yang W, Chen X, Zhang J, Ouyang ZY, Liang Z, Liu JG. 2013. Effects of conservation policies on forest

cover change in giant panda habitat regions, China. Land Use Policy 33(4):2-53.

Liu X, Wu P, Songer M, Cai Q, He X, Zhu Y, Shao X. 2013. Monitoring wildlife abundance and diversity with infra-red
camera traps in Guanyinshan Nature Reserve of Shaanxi Province, China. Ecological Indicators 33:121-128.

Meek PD, Ballard GA, Falzon G. 2016. The higher you go the less you will know: placing camera traps high to avoid theft will
affect detection. Remote Sensor Ecology Conservation 2(4):204-211.

Meek PD, Zewe F, Falzon G. 2012. Temporal activity patterns of the swamp rat (Rattus lutreolus) and other rodents in north-
eastern New South Wales, Australia. Australian Mammalogy 34(2):223-233.

Mengiilliioglu D, Ambarli H, Berger A, Hofer H. 2018. Foraging ecology of Eurasian lynx populations in southwest Asia:

conservation implications for a diet specialist. Ecology and Evolution 8(18):9451-9463.

Nathan R, Spiegel O, Fortmann-Roe S, Harel R, Wikelski M, Getz WM. 2012. Using tri-axial acceleration data to identify
behavioral modes of free-ranging animals: general concepts and tools illustrated for griffon vultures. Journal of
Experimental Biology 215(6):986-996.

Nowak K, le Roux a, Richards SA, Scheijen CPJ, Hill RA. 2014. Human observers impact habituated samango monkeys’
perceived landscape of fear. Behaviour Ecology 25(5):1199-1204.

O’Connell AF, Nichols JD, Karanth KU. 2010. Camera traps in animal ecology: methods and analyses. Springer Science &
Business Media, New York.

Oliveira RF, de Morais AR, Terrible LC. 2019. Medium- and large-sized mammals in forest remnants of the southern Cerrado:

diversity and ecology. Neotropical Biology and Conservation 14(1):29-42.

Pereira H M, Leadley P W, Proenca V,, R. Alkemade, J. Scharlemann PW, Fernandez-Manjarrés JF, Araujo MB,
Balvanera P, Biggs R, Cheung WWL, Chini L, Cooper HD, Gilman E, Guénette S, Hurtt GC, Huntington HP, Mace
GM, Oberdorff T, Revenga C, Rodrigues P, Scholes RJ, Sumaila UR, Walpole M. 2010. Scenarios for global
biodiversity in the 21st century. Science 330(6010):1496-1501.

Pettorelli N, Pelletier F, Hardenberg AV, Festa-Bianchet M, Cote SD. 2007. Early onset of vegetation growth vs. rapid green-

Peer] reviewing PDF | (2019:10:42431:0:1:NEW 25 Oct 2019)



Peer]

425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465

up: impacts on juvenile mountain ungulates. Ecology 88(2):381-390.
Piccione G, Giannetto C. 2011. State of the art on daily rhythms of physiology and behavior in horses. Biological Rhythm
Research 42(1):67-88.
Potter LC, Brady CJ, Murphy BP. 2018. Accuracy of identifications of mammal species from camera trap images: a northern
Australian case study. Austral Ecology 44(3):473-483.
Pyskova K, Kauzal O, Storch D, Horacek I, Pergl J, PySek P. 2018. Carnivore distribution across habitats in a central-
European landscape: a camera trap study. ZooKeys 770:227-246.
Ren Y, Yang XZ, Wang XJ. 2002. Wildlife resource in Changqing National Nature Reserve. Northwestern Unversity Press,
Xi’an.
Rovero F, Zimmermann F, Berzi D, Meek P. 2013. “Which camera trap type and how many do I need” A review of camera
features and study designs for a range of wildlife research applications. Hystrix 24(2):148-156.
Rowcliffe JM, Kays R, Kranstauber B, Carbone C, Jansen PA. 2014. Quantifying levels of animal activity using camera trap
data. Methods in Ecology and Evolution 5(11):1170-1179.
Sangay T, Rajaratnam R, Vernes K. 2016. Current distribution and conservation status of Bhutan Takin Budorcas whitei
Lydekker, 1907 (ARFTIODACTYLA: BOVIDAE). Journal of Threatened Taxa 8:9630-9637.
Schaller GB, Teng Q, Pan WS, Qin ZS, Wang XM, Hu JC, Shen HM. 1986. Feeding behavior of Sichuan takin (Budorcas
taxicolor). Mammalian 50(3):311-322.
Shier DM, Owings DH. 2006. Effects of predator training on behavior and post-release survival of captive prairie dogs
(Cynomys ludovicianus). Biological Conservation 132(1):126-135.
Song YL, Smith AT, MacKinnon J. 2008. Budorcas taxicolor. The IUCN Red List of
ThreatenedSpecies. . T3160A9643719. http://dx.doi.org/10.2305/IUCN.UK.2008. RLTS.T3160A9643719.en. Downloaded
on 23 July 2019.
Srivastave T, Kumar A. 2018. Seasonal habitat use in three species of wild ungulates in Sikkim Himalaya. Mammalian Biology
88(100):100-106.
Sutherland WJ. 1998. The importance of behavioral studies in conservation biology. Animal Behaviour 56(4):801-809.
Tarugara A, Clegg BW, Gandiwa E, Muposhi VK. 2019. Cost-benefit analysis of increasing sampling effort in a baited-
camera trap survey of an African leopard (Panthera pardus) population. Global Ecology and Conservation 18:¢00627.
Wang, XZ, Song YL, Zeng ZG, Gong HS, Zhao DH, Zhao NX. 2006. The relation of rutting behavior and social status of
male golden takin (Budorcas taxicolor bedfordi). Acta Theriologica Sinica 26(1):33-37.
Wang XZ, Song YL, Zeng ZG, Gong HS, Zhao NX. 2005. Characteristics of birth-site and early mother—infant relationship of
the golden takin Budorcas taxicolor bedfordi. Acta Zoologica Sinica 51(4):748-752.
Weckel M, Giuliano W G, Silver S. 1986. Jaguar (Panthera onca) feeding ecology: distribution of predator and prey through
time and space. Journal of Zoology 270(1):25-30.
Wu J. 1986. Study of system and distribution of Chinese Takin (Budorcas taxicolor Hodgson, 1850). Zoological Research
7(2):167-175.
Wu JY, Han YP, Qu H. 1990. The Chinese takin. China Forestry Publication House, Beijing.
Xue YD, Li DQ, Xiao WF, Liu F, Zhang YG, Wang XL, Jia H. 2015. Activity patterns of wild Bacterican camels (Camelus
bactrianus) in the northern piedmont of the Altun Mountains, China. Animal Biology 65:209-217.
Yuan ZH, Sun JC. 2007. Monitoring report of populaiton size of giant panda, golden monkey and takin in Changqing Nature
Reserve. Journal of Shaanxi Normal University (Natural Science Edition) 35(S1):100-103.
Zeng Z.G, Song YL. 2001. Daily activity rhythm and time budget of golden takin in spring and summer. Acta Theriologica

Peer] reviewing PDF | (2019:10:42431:0:1:NEW 25 Oct 2019)



PeerJ Manuscript to be reviewed

466
467
468
469
470
471
472
473
474
475
476
477
478
479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495
496

Sinica 21(1):7-13.

Zeng 7.G, Song YL, Zhong WQ, Gong HS, Zhang J, Dang GD. 2001a. Food habitats of golden takin. Chinese Journal of
Zoology 36(3):36-44.

Zeng Z.G, Zhong WQ, Song YL, Gong HS, Wang XJ, Wang KW. 2001b. Feeding behavior of golden takin. Chinese Journal
of Zoology 36(6): 29-32.

Zeng Z.G, Skidmore AK, Song YL, Wang TJ, Gong HS. 2008. Seasonal Altitudinal Movements of Golden Takin in the
Qinling Mountains of China. Journal of Wildlife Management 72(3): 611-617.

Zeng Z.G, Beck PSA, Wang TJ, Skidmore AK, Song YL, Gong HS, Prins HHT. 2010. Effects of plant phenology and solar
radiation on seasonal movement of golden takin in the Qinling Mountains, China. Journal of Wildlife Management 91(1):92-
100.

Zhang PC, Shao GF, Zhao G, Master DCL, Parker GR, Dunning JB, Li QL. 2007. China’s forest policy for the 215 century.
Science 288(5474):2135-2136.

Zhang S, Bao Y, Wang Y, Fang P, Ye B. 2012. Activity thythms of black muntjac (Muntiacus crinifron) revealed with infrared
camera. Acta Theriologica Sinica 32(4):368-372.

Peer] reviewing PDF | (2019:10:42431:0:1:NEW 25 Oct 2019)



PeerJ Manuscript to be reviewed

Figure 1

The geographical location of Changqing National Nature Reserve in the Qinling
mountains of China.

72280 E T30 E 1072380 E 107°40°0" E 1072480 E
L 1 1

N
AN A
- )
i |
] SO ey iy
|3 N
N LA N
C 1
71 <f PANY
= ~ T ]
S — SELS
Qinling Mountains <\ %\ <
o
6 Reserve boundary kf\) \
() 2kmx2km blocks }
Wma Survery blocks K | )

T T
107°30°0"E 107°350"E 107407 0"E 107°45'0"E

Peer] reviewing PDF | (2019:10:42431:0:1:NEW 25 Oct 2019)


DLK
Highlight

DLK
Sticky Note
complete caption
enlarge latitude and longitude


PeerJ Manuscript to be reviewed

Figure 2

The seasonal activity range and detected number of golden takin via camera traping in
Changqing National Nature Reserve
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Figure 3
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The annual activity patterns over a period of 12 months of golden takin and the
environmental temperature change s through time in Changqing National Nature

Reserve.
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Figure 4

The seasonal activity patterns over a 24h period of golden takin using camera traps in
Changqging National Nature Reserve.
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Figure 5
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The seasonal altitudinal migration of golden takin in Changqging National Nature Reserve
as monitored from camera traps s 09 Q@-=_
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