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Abstract 

Background:  Restoring a viable population by reintroduction is the ultimate goal of a large number of ex situ con-
servation projects for endangered animals. However, many reintroductions fail to establish a population in the wild, 
partly because released animals cannot acclimate to the native environment of the release site, resulting in very low 
survival rates. Acclimation training is a technique to resolve this problem, although it does not have positive results 
in all species. We tested whether acclimation training and soft-release could improve the reintroduction success for 
captive-bred Cabot’s Tragopan (Tragopan caboti), an endangered pheasant in southern China.

Methods:  Reintroduction of captive-bred Cabot’s Tragopan was carried out in the Taoyuandong National Nature 
Reserve, China from 2010 to 2011. We built a soft-release enclosure for acclimation training in the typical montane 
habitat of this pheasant. Nine birds were acclimated to the environment of this release site in this cage for more than 
50 days before release (“trained birds”), while 11 birds remained only in the cage for 3 days prior to release (“untrained 
birds”). Released birds were tagged with a collar radio-transmitter.

Results:  Post-release monitoring revealed that the survival rate of trained birds was higher than that of untrained 
birds after 50 days (trained: 85.7%; untrained: 20.0%). Cox regression analysis showed that there was a significant 
difference in the mortality rates between the trained and untrained birds. In addition, a survey of the habitat of the 
experimental and the control groups showed significant differences in habitat selection between the groups.

Conclusion:  Our study suggests that pre-release acclimatization training is an important factor that can lead to 
improved survival and habitat selection of captive-bred reintroduced tragopans.
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Background
One of the most pressing challenges for animal reintro-
duction programs is to determine how best to help cap-
tive-bred individuals make the transition from captivity 
into the release site (Mitchell et al. 2011). Enhancing their 
ability to settle and persist in a release site increases the 
chances of their survival and ultimately the success of the 

reintroduction (Hardman and Moro 2006). Two types 
of release strategies are regularly used for animal rein-
troductions: soft and hard releases (Clarke et  al. 2002). 
A soft release strategy involves a series of techniques, 
which promote the adaptation of captive-bred animals to 
the wild. These techniques include a period of confine-
ment of captive-bred individuals at the proposed release 
site (Mitchell et al. 2011), usually within a predator-proof 
“soft-release enclosure”, supplemented with food and 
water (Hardman and Moro 2006). The animals are con-
fined over a predetermined period of time until they 
become acclimated to the environment of the release 

Open Access

Avian Research

*Correspondence:  zhangyy@bnu.edu.cn 
1 Ministry of Education Key Laboratory for Biodiversity and Ecological 
Engineering, College of Life Sciences, Beijing Normal University, 
Beijing 100875, China
Full list of author information is available at the end of the article

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by E-space: Manchester Metropolitan University's Research Repository

https://core.ac.uk/display/161891591?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40657-016-0053-2&domain=pdf


Page 2 of 9Liu et al. Avian Res  (2016) 7:19 

site (Scott and Carpenter 1987). A hard release strategy 
involves the immediate release of the animal into the 
release site without any period of adjustment to their new 
environment (Campbell and Croft 2001).

Soft-release strategies are widely advocated and the 
preferred release strategy for Galliformes reintroduc-
tions that use captive-bred stock (WPA and IUCN/SSC 
RSG 2009). This is in part due to the range of differences 
captive birds need to overcome between the release site 
habitat and conditions in captivity (Lockwood et  al. 
2005), as well as to the many stresses they face in their 
new environment, e.g., learning how to feed or avoid 
predators, find suitable roost sites, or identify appro-
priate habitat (Sarrazin et  al. 1994). Questions remain 
whether the existing evidence is sufficient to warrant 
the general conclusion that soft-release strategies out-
perform hard releases (e.g. Wanless et  al. 2002; Teix-
eira et  al. 2007). All the same, there is little doubt that 
soft-release strategies have worked well for many animal 
reintroductions (e.g. Gatti 1981; Bright and Morris 1994) 
but not so for others (e.g. Castro et al. 1994; Lovegrove 
1996; Ellis et al. 2000).

Improvements in soft-release strategies is still some-
what hampered by a lack of experimental approaches 
to animal reintroductions (Soderquist 1994; Sutherland 
et  al. 2010; Jones and Merton 2012), particularly for 
methods with threatened bird species that use captive-
bred individuals, for which there are very few assess-
ments of release strategies (Franzreb 2004). This is 
somewhat understandable given the costs involved in 
many animal reintroductions and the threatened status 
of the target species. Historically, avian reintroductions 
have favored the use of captive-bred over wild-caught 
birds (Fischer and Lindenmayer 2000) with some soft-
release strategies resulting in greater reintroduction 
success rates than hard releases (e.g. Meyers and Miller 
1992; Tordoff and Redig 2001; Poulin et al. 2006).

Here we report on an experimental reintroduction of 
Cabot’s Tragopan (Tragopan caboti) using captive bred 
birds. Cabot’s Tragopan is an endemic Galliforme species 
of southern China, restricted to dense montane forests at 
elevations between 700 and 1300 m. The species is con-
sidered Vulnerable due to the ongoing loss and degrada-
tion of its montane forest habitat (BirdLife International 
2012). In total, its wild population in southern China 
may number fewer than 5000 individuals and its distri-
bution has become highly fragmented (Zheng and Wang 
1998). Studies on the captive breeding of Cabot’s Tra-
gopan started almost 30  years ago, examining artificial 
insemination techniques (Zhang et al. 2002, 2003; Zhang 
2006) and techniques for hatching and breeding (Wen 
and Zheng 1998). The first captive-bred population was 
established at Beijing Normal University about 20  years 

ago, followed by several more at institutions such as the 
Wuyanling National Reserve and Hunan Wildlife Rescue 
and Breeding Centre. Reintroductions into areas where 
the species has become locally extinct but where threats 
to the species have diminished are now a critical compo-
nent of a much wider national conservation strategy to 
improve its conservation status (Ding and Zheng 1996).

The aim of our experimental reintroduction was to 
use faecal analysis and post-release monitoring (radio-
telemetry) data to compare the survival of captive-bred 
individuals reintroduced at the same release site, using 
different periods of confinement within the soft-release 
enclosure. First, we wanted to determine whether longer 
periods of acclimation training within a soft-release 
enclosure improved the post-release survival of reintro-
duced birds. Second, we compared patterns of habitat use 
between individuals reintroduced under the two differ-
ent soft-release strategies in order to determine whether 
habitat preferences broadly matched those of known wild 
populations.

Methods
Study area
Reintroductions of Cabot’s Tragopan were carried out 
at the Taoyuandong Natural National Reserve, in the 
Luoxiao mountains, Hunan Province, southern China 
(Fig. 1). This 237.86 km2 reserve (elevation 550–1884 m) 
is located within the central Luoxiao mountains, with a 
mean annual precipitation of 2292  mm and daily tem-
peratures ranging from 2.9 to 20.7 °C (Tan and Wu 2009). 
Relative humidity is >78% and the region experiences 
frost-free periods of over 200 days each year (Hou 1993). 
The dominant habitat type below 1600 m is an evergreen 
mixed deciduous-conifer forest, while areas at higher ele-
vations (>1600 m) are dominated by scrubs (Tan and Wu 
2009). The reserve currently hosts a forestry police sta-
tion responsible for protecting and policing the reserve 
and its wildlife. Prior to 1982 the lower elevation areas 
(<1000  m) of the reserve belonged predominantly to a 
lumber farm for fir tree production and bamboo to sup-
port the local economy. Significant losses and degrada-
tion of native habitat and uncontrolled hunting of wild 
animals in the area are widely believed to have caused 
the decline of Cabot’s Tragopan population and that of 
other species. A provincial reserve was established in 
1982 when lumber harvesting ceased, allowing some of 
the forest vegetation to regenerate naturally, but hunting 
continued until 2002 when the reserve became a national 
nature reserve with a management bureau. A forestry 
police station was created with the purpose of protect-
ing the biodiversity of the region. Cabot’s Tragopan was 
observed in the region until 1990 (Hou 1993) and has not 
been recorded since.
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Previous studies have revealed the patterns of habitat 
associations exhibited by wild Cabot’s Tragopan popu-
lations throughout its restricted range in China. During 
winter months, the species shows a preference for ever-
green mixed deciduous-conifer forests, dominated by 
Lithocarpus sp., Cyclobalanopsis sp., Schima superba and 
Daphniphylum macropodium species, as well as areas 
with dense understorey vegetation, bare ground cover, 
close to freshwater sources (Young et  al. 1991). Else-
where in its native range, the species is known to prefer 
tall, dense mixed forests close to the edges of forest-scrub 
ecotones at higher elevations for breeding (Ding and 
Zheng 1997; Deng et al. 2005) and tend to occupy larger, 
less isolated mixed forest stands rather than smaller 
fragments, particularly those with a high proportion 
of D. macropodium trees. Based on earlier recommen-
dations by Tan and Wu (2009), its elevation range and 
quality of habitats, cessation of logging and hunting, its 
protected area status and the presence of protected area 
staff policing the reserve, the Taoyuandong National 
Nature Reserve was identified by the project stakehold-
ers as the most suitable release site for the experimental 
reintroduction.

Source of birds for reintroduction
Previous phylogeographic studies show that Cabot’s Tra-
gopan has two management units (MUs) separated by 
the Ganjiang River (Dong et  al. 2010). The IUCN/SSC 
(2013) pointed out that a mixture and hybridization of 
these two historically isolated populations may result in 
lower fitness of offspring and/or loss of species integrity. 
So we sourced captive-bred individual birds from the MU 

found west of the Ganjiang River from the Hunan Wild-
life Rescue and Breeding Center (HWRBC), which has 
been breeding Cabot’s Tragopan since 1997 and devel-
oped as the largest pure line western Cabot’s Tragopan 
population in the world. Currently the captive-breeding 
population suitable for reintroduction has reached a total 
70 birds in recent years, with a sex ratio of 1:1, estab-
lished from offspring of individuals of the western MU. 
Twenty-one individuals of Cabot’s Tragopan (10 males 
and 11 females) were selected for this research, all aged 
between 4 and 7 years (the reproductive age of both male 
and females in captivity is 2–13 years; Zhang and Zheng 
2007). With permission of the State Forestry Administra-
tion and quarantine by the veterinarian of the HWRBC, 
these healthy birds were placed in special animal trans-
portation cases and transported to the release site within 
12 h of being placed in the cases.

Soft‑release enclosure and acclimation training
We built a soft-release enclosure in the mixed broadleaf-
conifer forest at an elevation of 1370  m for acclimation 
training. We used wire netting to construct the enclosure 
over an area that contained native trees and vegetation 
that forms an integral part of the diet of wild Cabot’s Tra-
gopan and then covered the enclosure with nylon netting 
(Fig. 2a–d). A small brook also flowed through the enclo-
sure, which provided water for the release cohorts within 
the enclosure. Nylon and wire netting were then sewn 
together with nylon thread. The complete enclosure had 
an area of 1300 m2, 6 m in height.

We separated the individual birds for reintroduction 
into two experimental groups: one group selected for a 

Fig. 1  Location of the Taoyuandong National Nature Reserve in the Luoxiao mountains, Hunan Province, southern China
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longer experimental acclimation training period. The 
first group consisted of ten “trained” or “acclimated” 
birds (five males and five females). The birds of the sec-
ond group were “untrained” and remained in the enclo-
sure for a much shorter period; this group consisted of 
eleven birds (five males and six females). One male bird 
belonging to the longer acclimated trained group died 
before release. The remaining individuals were kept in 
the soft-release enclosure for more than 50  days (five 
birds were kept for 53 days and four for 56 days). Follow-
ing the dietary recommendations for captive tragopans 
published by the HWRBC, we provided 100  g corn per 
tragopan every day at the beginning of acclimation train-
ing. We placed corn in different areas of the enclosure 
and gradually reduced the feeding frequency to 100 g per 
tragopan every 3  days from day 11 to day 20 and every 
6 days from day 21 to day 30. After 30 days, we provided 
only 100  g per tragopan every 10  days. Five birds, kept 
in the enclosure for 53  days, were released on 3 Octo-
ber 2011. Another four birds, kept in the enclosure for 
56 days, were released on 23rd October 2011. The shorter 
acclimation untrained group spent only 3  days within 
the soft-release enclosure prior to release as two release 
cohorts. Four pheasants (two males and two females) of 

the untrained group were released on 9 September 2010 
and another three males and four females were released 
on 23 October 2011.

To examine the effect of reduced supplemental feed-
ing within the enclosure and track acclimation through 
changes in their diet, we collected fecal samples from 
individual tragopans and samples of every plant spe-
cies in the soft-release cage 15 days before releasing the 
birds. Slides of fecal powder and epidermis of plant sam-
ples were made following the method devised by Johnson 
et al. (1983). Fragments of plant epidermis in fecal slides 
were distinguished and counted following the method 
described by Li et al. (1997).

Post‑release monitoring
Released birds were tagged with a collar radio-transmit-
ter (RI-2D, Holohil Systems Ltd., Canada). The average 
body mass of a male Cabot’s Tragopan is about 1.3  kg 
and for females approximately 0.9 kg. The radio transmit-
ter weighted 15 g, below the recommended threshold of 
3% of their mass (Kenward 2001). We used a TRX-2000 
receiver (Wildlife Co, USA), a 3-element Yagi antenna, 
a compass and a GPS (60CSx, Garmin, USA) to moni-
tor radio-transmitter signals. Locations of reintroduced 

Fig. 2  The soft-release enclosures used for the reintroduction of Cabot’s Tragopan at the Taoyuandong National Nature Reserve, Hunan Province, 
southern China (a, b inside of enclosure; c, d outside of enclosure). All pictures photoed by Boye Liu
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tragopan were recorded by ground triangulation. We 
obtained two bearings (intervals were no longer than 
15 min, with an enclosed angle of approximately 90° and 
distance from the signal >200  m) in order to calculate 
their location. Each bird was located every 2  days dur-
ing the 12-h period from 06:00–18:00 (Kauhala and Tii-
likainen 2002; Bernardo et al. 2011a). If a bird seemed to 
remain stationary for 6 days, we conducted field checks 
to determine whether the bird was dead or alive.

Habitat surveys
To compare the habitat preferences of the trained and 
untrained groups, we measured several structural habi-
tat characteristics within known locations of individual 
reintroduced tragopans which were found dead or alive 
and had remained at these localities for more than 6 days. 
We collected the following habitat data from five 100 m2 
vegetation survey plots: thickness and cover of leaf lit-
ter, density, height and cover of herbs, shrubs, trees and 
moso bamboo (Phyllostachys edulis), tree diameters at 
breast height (DBH) and average distances to trees. The 
first (central) plot was located at the exact position of the 
bird (alive or dead) with the remaining four plots posi-
tioned 20 m away from the central plot following the four 
cardinal compass directions. We calculated the mean of 
the five circular plots as data for the home range. Gra-
dient, distance to road and distance to water were meas-
ured from the position of the bird. Four habitat data 
points of the trained and nine habitat data points of the 
untrained groups were used in habitat selection analyses.

Data analysis
We used the non-parametric Mann–Whitney U test to 
compare differences in the structural habitat characteris-
tics of the sites selected by both the trained and untrained 
reintroduced groups. Results were considered signifi-
cant if p  <  0.05 (two-tailed test). We used Cox regres-
sion analyses, from the package Survival (Therneau and 
Lumley 2009) in R software (R Core Development Team 
2014) to compare the mortality between sex (male vs. 
female), release year (2010 vs. 2011) and group (trained 
vs. untrained).

Results
Pre‑release soft‑enclosure changes in the tragopan diet
Fecal analysis revealed noticeable changes in the diet of 
individual tragopans during their time in the soft-release 
enclosure. Following acclimation, faecal analysis revealed 
that the percentage of epidermis from corn and plants in 
the faeces collected from individuals within the enclosure 
was similar to the composition of the diet of corn and 
wild plants. The amount of epidermis from wild plants 
in the faeces of tragopans was 89.1%, suggesting that the 

captive-bred tragopans changed their diet to feed on wild 
plants growing within the soft-release enclosure.

Post‑release survival
On 9 September 2010, we released four pheasants (two 
males and two females) from the untrained group. After 
11 days, two males and one female died, while the fourth 
bird was lost for unknown reasons. Examination of the 
recovered remains of the untrained birds revealed that 
two birds were victims of predation and one died for 
unknown reasons. On 3 October 2011, five of the cap-
tive-bred tragopans, which had spent 53 days becoming 
acclimated in the soft-release enclosure, were released. 
On 23 October 2011, we released another 11 birds, seven 
from the untrained group and four of which had spent a 
total of 56 days becoming acclimated in the soft-release 
enclosure. Until the cessation of post-release monitor-
ing on 23 December 2011, six of the trained individual 
birds were still alive (two males and two females which 
had been released on 3 October and one male and one 
female which had been released on 23 October) with one 
other bird confirmed dead. The radio signal from the two 
remaining birds was lost. Of the untrained birds, two 
were still alive, while five were confirmed dead. Exami-
nation of the recovered remains of dead untrained birds 
revealed that four of these birds were victims of preda-
tion and one died for unknown reasons. The cause of 
mortality for the trained birds remained unknown for we 
were unable to locate or recover any remains, other than 
the radio-tag of one bird from a stream.

Survival rate of trained individuals after 50-days post 
release was 85.7% (Fig.  3) significantly different from 
the 20% survival of the untrained birds (Cox regres-
sion β = −2.389, SE =  1.119, z = −2.136, p =  0.033), 
while there were no significant differences between the 
sexes (Cox regression β = 0.446, SE = 0.732, z = 0.610, 
p = 0.542) and release years (Cox regression β = −0.351, 
SE = 0.782, z = −0.449, p = 0.654). On 10 July 2012, we 
conducted additional post-release monitoring to re-find 
the birds released in the previous year. Three radio sig-
nals were recorded, all belonging to the trained accli-
mated group. Of these, two birds (one male and one 
female) were still alive, having survived for a total of 
281 days post-release, while the remaining bird was con-
firmed dead.

Post‑release habitat selection by captive‑bred tragopans
We found significant differences in the post-release 
patterns of habitat selection between the trained and 
untrained groups of captive-bred tragopans (Table  1). 
Trained males and females showed a distinctive pref-
erence for broadleaf forest habitats with larger trees, 
less bamboo and herb vegetation cover and at greater 
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distances from roads or water (Table  1). The untrained 
birds preferred bamboo-dominated forests, with large 
bamboo plants and a considerable cover of herbs 
(Table 1).

Discussion
Effect of acclimation on post‑release survival
In this study, we have demonstrated experimentally the 
beneficial effects of soft-release enclosure acclimation 
training on the post-release survival of reintroduced 

captive-bred Cabot’s Tragopans. For the first 50-days 
post-release, the difference in survival rate between the 
untrained and trained acclimated birds was >60%. Direct 
comparisons of survival rates with previous avian rein-
troductions are somewhat problematic, given that they 
differ in release protocols and length of acclimation. Nev-
ertheless, the probability of survival (85.7%) of Cabot’s 
Tragopan is somewhat higher than for earlier avian rein-
troductions of other species using soft-release strategies. 
The survival of captive-bred Attwater’s Prairie Chicken 
(Tympanuchus cupido) during the first 2 weeks after their 
release following an acclimation periods of 14  days was 
47.4%, but only 19.4% after a 3 day release; their survival 
was not significantly different beyond 14  days of post-
release (Lockwood et  al. 2005). Bernardo et  al. (2011a) 
reported a post-release survival rate of 75% for reintro-
duced captive-bred Red-billed Curassows (Crax blumen-
bachii), that was significantly affected by the length of 
time individual birds spent in the soft-release enclosure. 
Studies of soft-release strategies for some mammal rein-
troductions have also reported that captive-bred indi-
vidual animals held for longer periods of acclimation 
have a much higher survival rate than individuals held 
for shorter times or those released using a hard-release 
strategy (e.g. Hardman and Moro, 2006; Ryckman et  al. 
2010; Rouco et al. 2010). Collectively, these data provide 
further support for adopting soft-release strategies for 
future reintroductions of Cabot’s Tragopan and possibly 
for other threatened Galliforme species.

Replicating a wild diet within the soft-release enclosure 
is essential for facilitating the acclimation of captive-bred 

Fig. 3  Survival rate of acclimatized and non-acclimatized captive-
bred Cabot’s Tragopans reintroduced into the Taoyuandong National 
Nature Reserve, Hunan Province. The plus symbols denote censored 
observations

Table 1  General habitat characteristics from  locations of  radio-tracked reintroduced captive-bred Cabot’s Tragopans 
at the Taoyuandong National Nature Reserve, Luoxiao mountains, Hunan Province, southern China

Habitat variables are defined as follows: DW = distance to the nearest water; DR = distance to the nearest road; CL = percentage cover of leaf litter; TL = thickness 
of leaf litter; DB = density of moso bamboo; CB = percentage cover of moso bamboo; DH = density of herb; HH = height of herbs; CH = percentage cover of herbs; 
DS = density of shrubs; HS = height of shrubs; CS = percentage cover of shrubs; GR = gradient; DT = density of trees; HT = height of trees; DBH = diameter at breast 
height; CT = percentage cover of trees; FW = density of fallen/dead wood

* Significant two-tailed test p < 0.05

DW (m) DR (m) CL TL (cm) DB (N/100 m2) CB

Trained group (n = 4) Mean ± SD 117.5 ± 61.3 132.5 ± 51.2 0.74 ± 0.13 5.8 ± 2.4 1.1 ± 2.2 0.0025 ± 0.005

Untrained group (n = 9) Mean ± SD 25.0 ± 48.5 35.6 ± 64.0 0.78 ± 0.11 5.2 ± 1.8 8.6 ± 7.1 0.14 ± 0.13

Trained versus untrained acclimatized p value 0.007* 0.025* 0.736 0.820 0.069 0.045*

DH (N/m2) HH (cm) CH DS (N/100 m2) HS (cm) CS

Trained group (n = 4) Mean ± SD 11.1 ± 4.8 18.2 ± 4.3 0.16 ± 0.11 26.8 ± 13.2 2.0 ± 0.4 0.28 ± 0.15

Untrained group (n = 9) Mean ± SD 28.2 ± 18.0 30.4 ± 22.3 0.43 ± 0.21 24.4 ± 16.7 1.7 ± 0.8 0.21 ± 0.21

Trained versus untrained acclimatized p value 0.081 0.710 0.050* 0.800 0.257 0.414

GR DT (N/100 m2) HT (m) DBH (cm) CT FW (N/100 m2)

Trained group (n = 4) Mean ± SD 31.3 ± 11.1 7.1 ± 3.8 10.4 ± 3.2 31.1 ± 4.4 0.30 ± 0.06 4.5 ± 3.2

Untrained group (n = 9) Mean ± SD 35.0 ± 20.3 8.2 ± 3.1 8.5 ± 2.4 25.1 ± 5.7 0.27 ± 0.13 3.1 ± 3.1

Trained versus untrained acclimatized p value 0.585 0.604 0.414 0.045* 0.604 0.432
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individuals to the wild (Parker et al. 2012). We found that 
a longer period of acclimation within the soft-release 
enclosure that had been designed to contain native 
understory vegetation profoundly changed the diet of 
captive-bred tragopans. Faecal analyses revealed that our 
trained (acclimated) birds began to eat wild food plants 
within several days after entering the soft-release enclo-
sure. In fact, in just 1  month, we found that individual 
birds were able to eat almost all known food plant spe-
cies typical of the diet of Cabot’s Tragopan in the wild 
(see Zheng et al. 1986; Cheng et al. 2008) that were found 
within the enclosure. Other reintroduction studies using 
captive-bred individuals have found that similar soft-
release enclosures, that capture part of the native under-
story vegetation of the release site, can prove beneficial 
for post-release survival (e.g. Bernardo et  al. 2011a, b) 
but these studies also utilized post-release supplemental 
food and water provision. Few experimental studies have 
used faecal analyses as a complimentary tool to gauge the 
progress of acclimation training for captive-bred birds in 
reintroductions. We suggest that monitoring soft-release 
acclimation training using faecal analyses can help rein-
troduction practitioners develop further refinements to 
the design of soft-release enclosures and will contrib-
ute to the successful welfare of captive-bred animals 
that require lengthy periods of soft-release acclimation 
training.

Environmental conditions play a major role in the sur-
vival of animals. All of our tragopan cohort releases in 
2010 and 2011 were conducted on days of suitable (simi-
lar) weather conditions, i.e., no rain, windy conditions 
or snow. However, we did not measure specific environ-
mental factors such as temperature, humidity, rainfall, 
or snow levels for the duration of our post-release moni-
toring period. Thus, our comparison of the survival of 
birds released over a 2-year period may not be without 
bias, especially since only untrained non-acclimated indi-
viduals were released in 2010. It is quite possible that the 
climate and other resources at the release site may have 
been more adverse throughout 2010 compared to 2011, 
when the first cohort of birds was released. This would 
have affected the survival of those birds, in which a high 
proportion of their cohort died. In the subsequent year, 
the remainder of the birds were released over a 1-month 
period which again may have impacted their survival. 
Gaps such as these in the experimental release of tra-
gopans were simply due to the number and timing of 
suitable captive birds becoming available for our experi-
mental reintroduction. Such experimental reintroduc-
tions of threatened species using captive-bred individuals 
is an expensive conservation research program and it 
was not possible to have a standardized number of birds 
from each group ready for release in each year. So, we 

encourage future experimental approaches of soft-release 
strategies to consider standardizing the number of indi-
vidual birds from different trained and untrained groups 
released at similar time of year and also to record envi-
ronmental variables related to the climate of the release 
site during post-release monitoring, in order to examine 
more precisely the factors affecting survival of reintro-
duced birds using different soft-release strategies.

Effect of acclimatization on post‑release habitat selection
A lack of knowledge of species habitat requirements has 
been a major factor leading to the failure of reintroduc-
tions of both captive-bred and wild-caught individuals 
(Wolf et  al. 1996; Stamps and Swaisgood 2007). Fortu-
nately, in this instance, we had access to a series of stud-
ies on the habitat preferences of wild Cabot’s Tragopan 
populations (e.g. Qian and Zheng 1993). Consequently, 
we were not constrained to use post hoc assessments of 
habitat quality and were able to compare patterns of hab-
itat selection between the trained and untrained groups 
with what is known of other wild tragopan populations. 
Reintroduced captive-bred tragopans from the untrained 
cohort selected lower elevations for their habitat, domi-
nated by bamboo, whereas the trained tragopans selected 
habitats more typical of wild populations. Improvements 
of habitat selection behavior of captive-bred animals by 
acclimation training have also been documented by other 
captive-release studies (e.g. Bright and Morris 1994; 
Islam et al. 2013; Blythe et al. 2015).

Earlier reintroduction programs have revealed spe-
cies preferences for habitat containing features similar to 
their natal habitat (Pinter-Wollman et  al. 2009; Bradley 
et al. 2012). This phenomenon, called natal habitat pref-
erence induction (NHPI), has been recorded for a range 
of animal taxa (Davis and Stamps 2004). Positive early 
experiences of captivity environment caused animals 
to choose habitats containing cues comparable to natal 
habitat (Stamps and Swaisgood 2007). In our research, 
the preference of the untrained pheasants for unsuitable 
bamboo habitat may reflect negative impressions of their 
natal captive environment, whereas trained birds, which 
established affinity for the environment of their release 
site, preferred the “typical” known habitat for wild pop-
ulations of the species. Given that captive-bred animals 
have no experience of the habitat of their release site, it is 
essential for reintroduction practitioners to minimize any 
contrast in habitat quality between the soft-release enclo-
sure environment and that of their immediate release site 
to improve the likelihood of post-release settlement of 
captive-reared birds (Biggins et al. 1999; Roe et al. 2010).

Our study shows that pre-release acclimation train-
ing is an important factor to improve survival and habi-
tat selection of captive-bred reintroduced tragopans. 
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Although construction and management of the soft-
release enclosure is expensive and labor intensive, the 
benefits of training captive-bred birds to the environ-
ment of their release site contribute to the overall suc-
cess of the reintroduction and sufficient reasons to offset 
these costs.

Authors’ contributions
YZ and GZ conceived and designed the research, BL and LL participated in 
the field work, BL, CX and HL carried out the analyses, BL drafted the earlier 
version of the manuscript and HL, YZ and GZ revised it. All authors read and 
approved the final manuscript.

Author details
1 Ministry of Education Key Laboratory for Biodiversity and Ecological Engi-
neering, College of Life Sciences, Beijing Normal University, Beijing 100875, 
China. 2 Hunan Wildlife Rescue and Breeding Center, Changsha, China. 
3 School of Science and Environment, Manchester Metropolitan University, 
Manchester M1 5GD, UK. 

Acknowledgements
This study was supported by the State Forestry Administration of China and 
the National Key Technology R&D Program of China (No. 2016YFC0503200). 
We thank Mingjiang Kang, Xuanlong Lin and Daiping Wang for their support 
and assistance during the field work.

Competing interests
The authors declare that they have no competing interests.

Received: 21 June 2016   Accepted: 12 October 2016

References
Bernardo CSS, Lloyd H, Bayly N, Galetti M. Modelling post-release sur-

vival of reintroduced Red-billed Curassows Crax blumenbachii. Ibis. 
2011a;153:562–72.

Bernardo CSS, Lloyd H, Olmos F, Cancian LF, Galetti M. Using post-release 
monitoring data to optimize avian reintroduction programs: a 2-year 
case study from the Brazilian Atlantic Rainforest. Anim Conserv. 
2011b;14:676–86.

Biggins DE, Vargas A, Godbey JL, Anderson SH. Influence of prerelease experi-
ence on reintroduced black-footed ferrets (Mustela nigripes). Biol Conserv. 
1999;89:121–9.

BirdLife International. Tragopan caboti. In: The IUCN Red List of Threatened 
Species 2012. IUCN. 2012. http://dx.doi.org/10.2305/IUCN.UK.2012-1.RLTS.
T22679172A37923610.en. Accessed 19 Jun 2016.

Blythe RM, Smyser TJ, Johnson SA, Swihart RK. Post-release survival of captive-
reared Allegheny woodrats. Anim Conserv. 2015;18:186–95.

Bradley DW, Molles LE, Valderrama SV, King S, Waas JR. Factors affecting 
post-release dispersal, mortality, and territory settlement of endangered 
kokako translocated from two distinct song neighborhoods. Biol Conserv. 
2012;147:79–86.

Bright PW, Morris PA. Animal translocation for conservation: performance of 
dormice in relation to release methods, origin and season. J Appl Ecol. 
1994;31:699–708.

Campbell L, Croft D. Comparison of hard and soft release of hand reared 
eastern grey kangaroos. In: Veterinary conservation biology, wildlife 
health and management in Australasia, proceedings of international joint 
conference. Sydney: Taronga Zoo; 2001.

Castro I, Alley J, Empson R, Minot E. Translocation of hihi or stitchbird Notio-
mystis cincta to Kapiti Island, New Zealand: transfer techniques and com-
parison of release strategies. In: Serena M, editor. Reintroduction biology 
of Australian and New Zealand fauna. Chipping Norton: Surrey Beatty & 
Sons; 1994. p. 113–21.

Cheng SL, Wu SY, Zheng YQ. Feed behavior of Cabot’s Tragopan (Tragopan 
caboti) in Wuyishan, Jiangxi province. Sichuan J Zool. 2008;27:432–5.

Clarke RH, Boulton RL, Clarke MF. Translocation of the socially complex 
Black-eared Miner Manorina melanotis: a trial using hard and soft release 
techniques. Pac Conserv Biol. 2002;8:223–34.

Davis JM, Stamps JA. The effect of natal experience on habitat preferences. 
Trends Ecol Evol. 2004;19:411–6.

Deng WH, Zheng GM, Zhang ZW, Garson PJ, McGowan PJ. Providing artificial 
nest platforms for Cabot’s tragopan Tragopan caboti (Aves: Galliformes): a 
useful conservation tool? Oryx. 2005;39:158–63.

Ding CQ, Zheng GM. A primary study on the reintroduction of Cabot’s Trago-
pan. Acta Zool Sin. 1996;S1:42.

Ding CQ, Zheng GM. The nest site selection of the Yellow-bellied Tragopan 
(Tragopan caboti). Acta Zool Sin. 1997;43:27–33.

Dong L, Zhang J, Sun Y, Liu Y, Zhang YY, Zheng GM. Phylogeographic pat-
terns and conservation units of a vulnerable species, Cabot’s trago-
pan (Tragopan caboti), endemic to southeast China. Conserv Genet. 
2010;11:2231–42.

Ellis DH, Gee GF, Hereford SG, Olsen GH, Chisolm TD, Nicolich JM, Sullivan 
KA, Thomas NJ, Nagendran M, Hatfield JS. Post-release survival of 
hand-reared and parent-reared Mississippi Sandhill Cranes. Condor. 
2000;102:104–12.

Fischer J, Lindenmayer DB. An assessment of the published results of animal 
relocations. Biol Conserv. 2000;96:1–11.

Franzreb KE. The effect of using a “soft” release on translocation success of red-
cockaded woodpeckers. In: Costa R, Daniels SJ, editors. Red-cockaded 
woodpecker: road to recovery. Washington: Hancock House Publishers; 
2004. p. 301–6.

Gatti RC. A comparison of two hand-reared mallard release methods. Wildl Soc 
Bull. 1981;9:37–43.

Hardman B, Moro D. Optimising reintroduction success by delayed dispersal: 
is the release protocol important for hare-wallabies? Biol Conserv. 
2006;128:403–11.

Hou BQ. The comprehensive investigation reports of natural resource in 
Taoyuandong, Ling Country, Hunan Province. Changsha: Press of National 
University of Defense Technology; 1993 (in Chinese).

Islam MZ, Singh A, Basheer MP, Judas J, Boug A. Differences in space use and 
habitat selection between captive-bred and wild-born houbara bustards 
in Saudi Arabia: results from a long-term reintroduction program. J Zool. 
2013;289:251–61.

IUCN/SSC. Guidelines for reintroductions and other conservation transloca-
tions. Version 1.0. Gland: IUCN Species Survival Commission; 2013.

Johnson MK, Wofford H, Pearson HA. Microhistological techniques for food 
habits analyses. Res. Pap. SO-199. New Orleans: US Department of Agri-
culture, Forest Service, Southern Forest Experiment Station; 1983.

Jones CG, Merton DV. A tale of two islands: the rescue and recovery of 
endemic birds in New Zealand and Mauritius. In: Ewen JG, Armstrong DP, 
Parker KA, Seddon PJ, editors. Reintroduction biology: integrating science 
and management. Chichester: Wiley-Blackwell; 2012. p. 33–72.

Kauhala K, Tiilikainen T. Radio location error and the estimates of home-range 
size, movements, and habitat use: a simple field test. Ann Zool Fenn. 
2002;39:317–24.

Kenward RE. A manual for wildlife radio tagging. San Diego: Academic Press; 
2001.

Li FS, Nie H, Ye CH. Microscopic analysis on herbivorous diets of wintering 
black-necked cranes at Caohai, China. Zool Res. 1997;18:51–7.

Lockwood MA, Griffin CR, Morrow ME, Randel CJ, Silvy NJ. Survival, move-
ments, and reproduction of released captive-reared Attwater’s prairie-
chicken. J Wildl Manag. 2005;69:1251–8.

Lovegrove TG. Island releases of saddlebacks Philesturnus carunculatus in New 
Zealand. Biol Conserv. 1996;77:151–7.

Meyers JM, Miller DL. Post-release activity of captive-and wild-reared bald 
eagles. J Wildl Manag. 1992;56:744–9.

Mitchell AM, Wellicome TI, Brodie D, Cheng KM. Captive-reared burrowing 
owls show higher site-affinity, survival, and reproductive performance 
when reintroduced using a soft-release. Biol Conserv. 2011;144:1382–91.

Parker KA, Dickens MJ, Clarke RH, Lovegrove TG. The theory and practice of 
catching, holding, moving and releasing animals. In: Ewen JG, Armstrong 
DP, Parker KA, Seddon PJ, editors. Reintroduction biology: integrating sci-
ence and management. Chichester: Wiley-Blackwell; 2012. p. 105–37.

Pinter-Wollman N, Isbell LA, Hart LA. Assessing translocation outcome: com-
paring behavioral and physiological aspects of translocated and resident 
African elephants (Loxodonta africana). Biol Conserv. 2009;142:1116–24.

http://dx.doi.org/10.2305/IUCN.UK.2012-1.RLTS.T22679172A37923610.en
http://dx.doi.org/10.2305/IUCN.UK.2012-1.RLTS.T22679172A37923610.en


Page 9 of 9Liu et al. Avian Res  (2016) 7:19 

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Poulin RG, Todd LD, Wellicome TI, Brigham RM. Assessing the feasibility 
of release techniques for captive-bred burrowing owls. J Raptor Res. 
2006;40:142–50.

Qian FW, Zheng GM. The study of habitat used by Cabot’s tragopan. J Beijing 
Normal Univ (Nat Sci). 1993;29:256–64.

R Core Development Team. R: a Language and environment for statistical 
computing. Vienna: R Foundation for Statistical Computing; 2014. https://
www.R-project.org.

Roe JH, Frank MR, Gibson SE, Attum O, Kingsbury BA. No place like home: an 
experimental comparison of reintroduction strategies using snakes. J 
Appl Ecol. 2010;47:1253–61.

Rouco C, Ferreras P, Castro F, Villafuerte R. A longer confinement period favors 
European wild rabbit (Oryctolagus cuniculus) survival during soft releases 
in low-cover habitats. Eur J Wildl Res. 2010;56:215–9.

Ryckman MJ, Rosatte RC, McIntosh T, Hamr J, Jenkins D. Postrelease dispersal 
of reintroduced elk (Cervus elaphus) in Ontario, Canada. Restor Ecol. 
2010;18:173–80.

Sarrazin F, Bagnolini C, Pinna JL, Danchin E, Clobert J. High survival estimates 
of griffon vultures (Gyps fulvus fulvus) in a reintroduced population. Auk. 
1994;111:853–62.

Scott JM, Carpenter JW. Release of captive-reared or translocated endangered 
birds: what do we need to know? Auk. 1987;104:544–5.

Soderquist T. The importance of hypothesis testing in reintroduction biol-
ogy: examples from the reintroduction of the carnivorous marsupial 
Phascogale tapoatafa. In: Serena M, editor. Reintroduction biology of 
Australian and New Zealand fauna. Chipping Norton: Surrey Beatty & 
Sons; 1994. p. 156–64.

Stamps JA, Swaisgood RR. Someplace like home: experience, habitat selection 
and conservation biology. Appl Anim Behav Sci. 2007;102:392–409.

Sutherland WJ, Armstrong D, Butchart SHM, Earnhardt JM, Ewen J, Jamieson 
I, Jones CG, Lee R, Newbery P, Nichols JD, Parker KA, Sarrazin F, Seddon 
PJ, Shah N, Tatayah V. Standards for documenting and monitoring bird 
reintroduction projects. Conserv Lett. 2010;3:229–35.

Tan YM, Wu ZW. Ecological status of taoyuandong national nature reserve. Sci 
Silva Sin. 2009;45:52–8.

Teixeira CP, De Azevedo CS, Mendl M, Cipreste CF, Young RJ. Revisiting translo-
cation and reintroduction programmes: the importance of considering 
stress. Anim Behav. 2007;73:1–13.

Therneau TM, Lumley T. survival: survival analysis, including penalised 
likelihood. R package version 2.35-8. In: The comprehensive R archive 
network. 2009. http://CRAN.R-project.org/package=survival. Accessed 
20 Nov 2015.

Tordoff HB, Redig PT. Role of genetic background in the success of reintro-
duced Peregrine Falcons. Conserv Biol. 2001;15:528–32.

Wanless RM, Cunningham J, Hockey PAR, Wanless J, White RW, Wiseman R. 
The success of a soft-release reintroduction of the flightless Aldabra rail 
(Dryolimnas cuvieri aldabranus) on Aldabra Atoll, Seychelles. Biol Conserv. 
2002;107:203–10.

Wen ZQ, Zheng GM. Artificial raising and breeding of Cabot’s tragopan (Trago-
pan caboti). Chin J Zool. 1998;33:22–7.

Wolf CM, Griffith B, Reed C, Temple SA. Avian and mammalian translo-
cations: update and reanalysis of 1987 survey data. Conserv Biol. 
1996;10:1142–54.

WPA, IUCN/SSC RSG. Guidelines for the re-introduction of galliformes for con-
servation purposes. Gland, Newcastle-upon-Tyne: IUCN, World Pheasant 
Association; 2009.

Young L, Zheng GM, Zhang ZW. Winter movements and habitat use by Cabot’s 
Tragopans Tragopan caboti in southeastern China. Ibis. 1991;133:121–6.

Zhang YY, Zheng GM. A population viability analysis (PVA) for Cabot’s Trago-
pan (Tragopan caboti) in Wuyanling, south-east China. Bird Conserv Int. 
2007;17:151–61.

Zhang YY, Zheng GM, Chang CY, Chen XD, Hao R, Wang Y. A study on the artifi-
cial insemination of Cabot’s tragopan (Tragopan caboti). J Beijing Normal 
Univ (Nat Sci). 2002;38:117–22.

Zhang YY, Zheng GM, Li Y, Yang M. Preserve the semen of Cabot’s tragopan at 
low temperature. J Beijing Norm Univ (Nat Sci). 2003;39:819–22.

Zhang YY. Semen characterization and sperm storage in Cabot’s Tragopan. 
Poult Sci. 2006;85:892–8.

Zheng GM, Zhao XR, Song J, Liu ZX, Zhou HQ. Feeding ecology of Cabot’s 
Tragopan. Acta Ecol Sin. 1986;6:283–8.

Zheng GM, Wang QS. China Red Data Book of endangered animals: Aves. 
Beijing: Science Press; 1998.

https://www.R-project.org
https://www.R-project.org
http://CRAN.R-project.org/package%3dsurvival

	Comparing post-release survival and habitat use by captive-bred Cabot’s Tragopan (Tragopan caboti) in an experimental test of soft-release reintroduction strategies
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Study area
	Source of birds for reintroduction
	Soft-release enclosure and acclimation training
	Post-release monitoring
	Habitat surveys
	Data analysis

	Results
	Pre-release soft-enclosure changes in the tragopan diet
	Post-release survival
	Post-release habitat selection by captive-bred tragopans

	Discussion
	Effect of acclimation on post-release survival
	Effect of acclimatization on post-release habitat selection

	Authors’ contributions
	References




