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Abstract. Translocation is believed to be one of the important methods to protect small and isolated populations of giant pandas
(Ailuropoda melanoleuca) from local extinction. Dynamic monitoring of the giant pandas’ health statuses after release allows timely
rescue measures or termination of the release procedure when necessary, thereby reducing the risk of death. However, it is difficult to
diagnose the health of a giant panda after translocation by routine veterinary examinations. Based on data collected from GPS tracking
collars, we analyzed the behaviours of six giant pandas after release. We compared the behavioural differences between the giant panda
Xuexue (XU), which died due to disease, and four healthy giant pandas after release into the wild to identify a new method to assess the
health statuses of giant pandas after release. Our results showed that daily activity levels of the healthy giant pandas were higher than
XU after released into the wild; the healthy giant pandas were diurnal, but XU tended to be nocturnal. All healthy giant pandas and XU
were not active in the crepuscular phase. These results suggest that daily activity levels and circadian rhythms can be used to assess the
health status of giant pandas during the translocation project.
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Introduction rates during the early stages of translocation (Letty
Translocation is an effective method for maintaining et al. 2000). Therefore, dynamic monitoring of the
the long-term survival of species endangered by health status of individuals after the release allows
habitat fragmentation and population segregation timely rescue efforts or even the termination of the
(Tudge 1991). Although regarded as an important translocation procedure when necessary, which may
conservation method and extensively applied, many reduce the risk of death of the released individuals.

translocation efforts end in failure (Berger-Tal & Saltz  Behavioural patterns, such as activity levels and
2014), especially for captive-bred individuals (Fischer rhythms, effectively reflect the health status of
& Lindenmayer 2000, Kellison et al. 2000, Mathews  animals (Edmunds et al. 2018). Timely monitoring
et al. 2005), whose behavioural skills associated with  of the health status of individuals after release and
fitness in the wild are generally poor (Soulé 1987, taking corresponding rescue measures in the case of
Snyder et al. 1996, Rabin 2003). Due to stress during  abnormalities are important means to reduce the risk of
translocation and the inability of animals to adapt to  translocation failure (Mathews et al. 2006). However,
the new environment in a timely manner, released it is difficult to assess animals’ health statuses via
individuals often have relatively high mortality routine veterinary examinations after their release into
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the wild, especially for species living in dense forests,
such as giant pandas. Veterinarians often encounter
challenges when performing even the most basic
visual examinations on those animals. Moreover,
frequent veterinary examinations may be stressful
and increase the stress response of released animals,
aggravating the risk of failure of the translocation
program (Romero & Reed 2008, Leche et al. 2016).
Fortunately, the behavioural data of released
animals can be continuously recorded with Global-
positioning-system (GPS) tracking collars (Augustine
& Derner 2013). Therefore, the behaviour of released
animals can be expediently understood and be used
as indicators to assess the status of organisms, and
in turn evaluate and guide translocation programs
(Berger-Tal et al. 2011, Caro & Sherman 2013,
Greggor et al. 2016). A few studies have used this
type of behavioural data to identify the reproductive
statuses of animals in the wild (Friebe et al. 2013,
Zhang et al. 2017, He et al. 2018). Application of a
similar approach, monitoring the behavioural data of
the released individuals for health monitoring without
disturbing the released individuals, will lower the
risk of failure of the translocation program. However,
this behaviourally diagnostic method has not been
extensively applied in translocation projects.
Translocation is an indispensable method in the
conservation of giant pandas, especially for small
populations (Zhang & Wei 2006). The giant panda,
arguably the most popular flagship species in the
world, had its IUCN Red List status changed from
“Endangered” to “Vulnerable” (Swaisgood et al. 2016)
because of its continuous increase in population size
for the past 30 years. However, some local populations
of giant pandas are small and isolated in heavily
fragmented habitat patches, especially in the southern
area of their range (Qing et al. 2016). Those small,
isolated populations are vulnerable to extinction as a
result of genetic erosion and a variety of demographic
and environmental issues (Schonewald-Cox et al. 1983,
Soulé 1987, Loeschcke et al. 1994). Translocation can
increase the population size and genetic diversity of
small, isolated populations, and thus reduce the risk of
local extinction of giant pandas (Wei et al. 2015).
Behavioural reports of released giant pandas are very
limited (but see He et al. 2018, Yang et al. 2018),
mainly due to the small number of giant pandas
have been released. Only 12 giant pandas have been
released between 2006 and 2018. Nine giant pandas
were released into the Liziping National Nature
Reserve (LNNR), and the remaining three were
released into the Longxi-Hongkou National Nature
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Researve in Sichuan Province, China. Behavioural
diagnostic methods based on the activity data of GPS
tracking collars is not only important for improving
the translocation success rate of giant pandas, but
also for translocation programs of other species.
Therefore, this study analyzed the activity patterns of
six captive-bred giant pandas at the early stages of the
translocation process in the Xiaoxiangling Mountain
Range during 2012-2016 to compare the daily activity
rhythms and activity levels between surviving and
dead giant pandas after the release. This allowed us to
look for indicators to determine the health statuses of
giant pandas after being released.

Study Area
The study area is located in the LNNR (Fig. 1) in the
Xiaoxiangling Mountain Range, south-west of the
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Fig. 1. Location of the Liziping National Nature Reserve.

distribution range of giant panda. The reserve covers
an area of 47940 ha, 80 % of which is regarded as
habitat suitable for giant pandas (Sichuan Forestry
Department 2015). The reserve’s altitude varies
from 1330 to 4551 meters. The population of giant
pandas in the reserve is small (22 native giant pandas)
(Sichuan Forestry Department 2015) and heavily
isolated (Qing et al. 2016).

The releasing enclosure, where the soft release projects
were implemented, is located in the natural forest in
the LNNR reserve. It fences 20 ha of natural forest,
with altitudes ranging from 2050 to 2400 meters.
The dominant vegetation cover in the enclosure is



deciduous and evergreen trees (approximately 60 %),
followed by evergreen conifer trees (approximately
36 %). One stream and two species of bamboo occur
in the enclosure naturally, enabling giant pandas to
drink and forage without any supplemental feeding.

Material and Methods

Subjects and data collection

Six giant pandas, named Taotao (TT), Zhangxiang
(ZX), Xuexue (XU), Huajiao (HJ), Huayan (HY),
and Zhangmeng (ZM), were released into the LNNR
between 2012 and 2016. One male (TT) and five
females were all captive-born in the China Conservation
and Research Center for the Giant Pandas (CCRCGP).
Those giant pandas received more than two years of
pre-release training before they were released at about
2.5 years of age, which is the age wild giant pandas
leave their mothers’ home ranges and begin to live
independently (Schaller et al. 1985). During the
training, giant pandas meant to be released were cared
for by their mothers in a semi-natural enclosure with
abundant food and water since birth. No supplemental
food or water was provided. In other words, the
candidates were mainly trained by their mothers rather
than by a human. All giant pandas were transported in a
covered cage from CCRCGP to the release sites, which
took about 4-5 hours’ travel time.

Four giant pandas, one male (TT) and three females (HJ,
HY and ZM), were hard released right after they reached
the release site. The cage holding the giant pandas was
placed at the release site, and the entrance was simply
unblocked to let the giant pandas exit freely. TT and HY
were released in 2012 and 2015, respectively, while HY
and ZM were released at the same time in 2016. Two
female giant pandas (ZX and XU) were soft released in
2013 and 2014, respectively. These giant pandas were
transported directly into the releasing enclosure and
kept for 28-53 days. No supplemental food or water
was provided during those days; the pandas only had
access to the naturally occurring bamboo and stream
water. At the time of release, a door in the fence was
opened and the giant pandas went out freely when they
were released into the wild.

Before being transported to either the hard release
site or the release enclosure, all giant pandas were
chemically immobilized and fitted with GPS 7000MU
collar (Lotek Wireless Inc, Newmarket, Ontario,
Canada), which were lighter than 5 % of their body
weight. The activity of each giant panda was recorded
with a dual-axis activity (X axis: side-to-side and Y
axis: up-down) sensor integrated into the collar. Counts
of activity were recorded every five minutes for each
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axis from 0 (no activity) to 255 (highest activity).
Since this study focused on the activity levels and
rhythms of the giant pandas in the early stages of the
translocation process, data from the first 120 days
after the translocation were used for analysis. Giant
pandas TT, ZX, HJ, and ZM have been monitored
for more than 120 day, and were considered to have
normal health statuses after the translocation according
> l-year survival. However, giant panda XU died
34 days after release, so only 34 days of data were
collected for this animal. An autopsy revealed no
physical trauma on XU’s body, and its death was
possibly due to an infection caused by an opportunistic,
pathogenic bacteria. XU was considered as a non-
healthy individual in this study. In addition, since the
GPS tracking collar worn by giant panda HY fell off on
the 53" day after release, the health status of subsequent
dates was unknown, and therefore this animal was
excluded from the healthy controls in this study.

Data Analysis

We selected three indicators, daily activity level,
diurnal index, and crepuscular index, to reflect the
activity patterns of giant pandas after released into
the wild. We compared the differences between
the healthy giant pandas (TT, ZX, HJ and ZM) and
XU, and analyzed if these three indicators could be
used to distinguish between non-healthy XU and the
remaining, healthy giant pandas.

The sensor values of X- and Y-axes from the collars
were summed at 5-min intervals, and then used
to indicate the activity levels of the giant pandas,
following the methods described by previous studies
(Turner et al. 2002, Yamazaki et al. 2008). Daily
activity level was defined as the averaged 5-min
activity of every day, and is presented as mean + SD.
The activity was classified as daytime, nighttime,
or twilight activity. Daytime was defined as the time
from civil twilight at dawn to civil twilight at dusk, and
nighttime was defined as the time from civil twilight in
the evening to civil twilight in the morning of the next
day. Twilight was defined as the time between nautical
twilight and sunrise in the morning and between sunset
and nautical twilight in the evening. To indicate the
relative activity during daytime and twilight, the diurnal
and crepuscular indices were calculated using equations
1 and 2, respectively (Ensing et al. 2014). The values
of diurnal and crepuscular indices lie between —1 and
1. A positive value on the diurnal index indicates giant
pandas are more active during the day, while a positive
value on the crepuscular index indicates a preference
for activity in the crepuscular phase.



(Eq. 1)
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Where [, . is the diurnal index, I repuscular is the
crepuscular index, ACT ay is the mean activity in the
daytime, ACT wight is the mean activity in the nighttime,
ACT, o is the mean activity during twilight, and
ron-ilign 1S the mean activity during the remainder
of the day.
The averaged 5-min activities of every hour for every
10 days were calculated in order to assess the pattern of
daily activity rhythm for each individual. To investigate
whether the released giant pandas showed a crepuscular
or a diurnal active pattern, we tested whether the diurnal
index and crepuscular index significantly differed from
0 with a t-test at an interval of 10 days.
A receiver operating characteristic curve (ROC) was
used to examine if daily activity level, diurnal index,
and crepuscular index were suitable for distinguishing
XU from healthy giant pandas. A ROC illustrates the
diagnostic ability of a binary classifier system as its
discrimination threshold is varied. ROC analyses has
been used in medicine (Levy et al. 2006), radiology
(Obuchowski 2003), biometrics (Toh et al. 2008),
model performance assessment (Qing et al. 2016),
and other areas for many decades. The area under
the ROC curve (AUC) is a measure of how well a
parameter can distinguish between two diagnostic
groups (diseased/normal). An AUC > 0.9 indicates an
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Fig. 2. The daily activity level of the giant pandas (A: TT, B: ZX, C: XU, D:
HJ, E: HY, F: ZM). The open circles represent the daily activity level of the
giant pandas. The dashed horizontal line shows the lowest daily activity
level of living giant pandas after release, and the dashed vertical lines in
panels C and D show the date when the giant panda left the enclosure.
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Fig. 3. Diurnal (A-F) and crepuscular indices (G-L) for HJ, XY, TT, XU,
ZM, and ZX. The black lines represent the average index values. The grey
areas represent the 95 % confidence interval, which can be interpreted
as a one-sided t-test: when the 95 % confidence interval (grey area)
does not encompass the O line (dotted), the activity pattern significantly
deviates from an equal distribution (P < 0.05).
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Fig. 4. The receiver operating characteristic curve (ROC) for daily activity
level (A), diurnal index (B), and crepuscular index (C).

excellent diagnostic performance, an AUC ranging
0.8-0.9 indicates a good performance, an AUC ranging
0.7-0.8 indicates a fair performance, and an AUC <
0.7 indicates a poor performance. The thresholds
for an abnormal active pattern were determined by
the parameter with the highest Youden Index, or
equivalently, the highest Sensitivity + Specificity
(Krzanowski & Hand 2009).

Results

After the release, the daily activities of giant pandas
TT, ZX, HJ, and HY began at relatively low levels at
the earliest stage and gradually increased over time.
The daily activities of giant panda ZM greatly varied
in the first 20 days after the release, but subsequently
and gradually increased over time. In contrast, giant
panda XU was highly active immediately after
release, and this activity level was rapidly declined to
a minimal level (Fig. 2).

After translocation, the average daily activity levels
of TT, ZX, HJ, ZM, and HY were 21.23 = 4.41 (n
= 120), 26.08 + 6.61 (n = 120), 30.00 + 6.74 (n =
120), 25.23 £ 6.61 (n = 120), and 30.11 £ 10.00 (n =
53), respectively. XU died 34 days after translocation.
Even though XU was highly active in the first several
days, the overall average daily activity of XU was
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the lowest at 15.08 £ 7.58 (n = 34), due to her low
activities in the days that followed. The daily activity
level of XU was significantly lower than the other
individuals (t-test TT: df = 152, t =—6.009, P < 0.01;
ZX: df = 152, t = —8.282, P < 0.01; HJ: df = 152,
t=-11.076, P<0.01; HY: df =85, t=—-7.486, P <0.01,
ZM: df=152,t=-7.632, P<0.01).

Individuals TT, ZX, HJ, HY, and ZM showed similar
patterns in their daily rhythm of activity, which were
characterized by one or two peaks during the daytime
and one in the night (Fig. S1). One simple t-test on the
diurnal index revealed that TT, ZX, HJ, HY, and ZM
are generally more active in the daytime than in the
nighttime, while XU was just the opposite (Fig. 3).
The negative crepuscular indices indicated all the
giant pandas, including XU, were inclined to follow
non-twilight activity patterns (Fig. 3). XU was no
less active in the dawn twilight than in daytime or
nighttime, and her negative crepuscular indices were
due to the inactivity in dusk twilight (Fig. S1).

The threshold for abnormal active pattern was
determined by a ROC (Fig. 4). The point of maximum
sensitivity and specificity occurred when the daily
activity level was 14.951. Diagnostic performance
of averaged activity level as determined by the AUC
was 0.854, which indicated a good accuracy for
a diagnostic test. Thus, an averaged activity level
< 14.951 identified XU as different from other
released giant pandas. Thresholds and AUC scores for
diurnal index and crepuscular index were determined
in a similar manner from ROC analysis. The threshold
for diurnal index was 0.008, with an AUC of 0.897,
which indicated a good diagnostic performance.
However, the AUC for crepuscular index was 0.558,
which indicated a poor diagnostic performance.

Discussion

Animals’ behaviours respond to changes in health
status (Clubb & Mason 2003, Maple 2007). Behaviour
has always been recognized as a crucial indicator of
health in domestic animals (Fraser & Broom 1997) and
zoo animals (Hill & Broom 2009). However, studies
assessing the health status of wild animals through
their behaviours are very limited. This study proposes
a method for health assessment of giant pandas after
being release into the wild. According to the results,
the daily activity levels and diurnal indices of giant
pandas were able to distinguish individual XU, the
giant panda which died after release, from the other,
healthy giant pandas. Behavioural identification of the
released animals based on the activity data collected
from the GPS tracking collars helped us to understand
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the health of individual animals after translocation
and to adjust the translocation strategy in a timely
manner. This may have a great impact on improving
the success rate of translocations.

The dead individual, XU, had a significantly lower
activity level after release than the other individuals
and its circadian rhythm was also different from the
others. Unhealthy animals usually behaves abnormally
(Edmunds et al. 2018), but we still cannot rule out the
possibility that the abnormal behaviours make XU
more vulnerable to sickness and not the other way
around. In general, the establishment of an anomaly
index requires a large number of normal and abnormal
data points. However, in this study, XU is the only dead
giant panda with activity data after the translocation.
Therefore, application of XU’s data as the standards
for the establishment of abnormal cases (daily activity
level: < 14.951, diurnal index: < 0.008) still provided
a valuable reference for future translocation programs.
It is important to note that the causes of death in
individuals after translocation may be diverse (Moreno
et al. 1996, Larkin et al. 2003), and therefore the
abnormal behaviours before death may also be diverse.
Inactivity is common for animals with poor health
(Montgomery 1953, Edmunds et al. 2018). However,
agitation is also common among diseased animals (Hill
& Broom 2009). In addition, the abnormal behavioural
patterns of animal dying of hunger (Islam et al. 2008,
Herzog et al. 2009) may be different from the abnormal
behavioural patterns of animal which die of disease.
Hence, accumulation of more data is needed to refine
this series of diagnostic criteria.

The activity levels of the healthy, released giant pandas
in this study were slightly lower than that of wild
giant pandas in the first month. The average activity
level of the wild giant panda was approximately 24
(Zhang et al. 2015), while the initial average activity
level of the healthy giant pandas was 20 in this study.
Given the different type of GPS collar used between
Zhang et al. (2015) and the current study, we should
be cautious about the comparison between the two
studies. The initial low activity observed in the
released giant pandas implied activity suppression
by potential stress; subsequently, the activity of the
released giant pandas increased, suggesting there may
be an initial exploration behaviour in the individual
animals. Exploration, coupled with high activity, is
common in animals in a novel environment (Renner
1990, Pinter-Wollman 2009). Exploration can provide
animals with critical information about food, refuge,
and predators (Renner 1990, Inglis 2000, Russell et
al. 2010). The increase in activity after the initial days



indicated a gradual recovery from the potential stress
and acclimation to the novel environment.

The activity rhythm is critical for the health of
animals, a disorder of which can result in metabolism
or immunity dysfunction (Bechtold et al. 2010). In
this study, the released individuals that survived
after release all showed a continuous diurnal activity
pattern. Similar diurnal activity patterns were
observed in wild giant pandas in the studies carried
out in the Qionglai Mountain Range (Hu 2001,
Zhang et al. 2015, Zhang et al. 2017) and the Qinling
Mountain Range (Pan et al. 2014). In this study, the
activity levels of the released giant pandas in the
crepuscular phase were lower than the activity levels
in the remaining phase. Hu et al. (1985) suggested
that the wild giant pandas in Wolong were inclined
to be active in the crepuscular phase, especially at
dusk, while Zhang et al. (2015) found that most of the
wild giant pandas had relatively low activity levels
at dusk. In addition, Zhang et al. (2015) defined the
crepuscular phase as two hours around sunrise and
two hours around sunset, while Hu et al. (1985) did
not clearly define the crepuscular phase in their study.
Nevertheless, according to the description in the
results, we infer the definition of crepuscular phase
of Hu’s et al. (1985) study is similar to that of Zhang
et al. (2015). The definition of crepuscular phase of
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Supplementary online material

Fig. S1. Activity profiles of the released giant pandas at an interval of ten days (A-L). Dark green areas represent activity, and light green areas represent
standard deviation. Dotted lines indicate start of nautical twilight (blue), start of civil twilight (green), sunrise (red), sunset (red), end of civil twilight (green)
and end of nautical twilight (blue) from left to right (https://www.ivb.cz/wp-content/uploads/FZ-vol.-68-2-2019-He-et-al.-Fig._S1-1.jpg).
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