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Abstract. Poor knowledge of habitat use has previously limited the development of conservation strategies 
for buff-throated partridges (Tetraophasis szechenyii), a rare high-mountain Galliform species endemic to 
western China. During 2008–2009, we studied habitat use patterns of buff-throated partridges by 
investigating their relative abundances in five main habitat types: fir–larch forests, mixed spruce–larch–birch 
forests, oak thickets, pine forests, and rhododendron shrubs. Along nine established transects, we recorded 46 
and 56 feather samples in autumn and in winter, respectively; and at 84 point stations we recorded 53 call 
responses during spring months. By comparing the relative abundance in each kind of habitat with the 
relative areas of the habitats available, we found that buff-throated partridges avoided using pine forests, 
regardless of the season. However, buff-throated partridges’ preferences for specific habitats differed 
between seasons. They preferred fir–larch forests in autumn, but switched preference to oak thickets during 
the course of winter and spring months. We speculate that the habitat use pattern is mainly related to diet 
and feeding habits. Based on our results and some previous findings, we provide some suggestions for 
conservation of partridge habitat. 
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Introduction 
 
The buff-throated partridge (Tetraophasis szechenyii) 
is a sexually monochromatic, medium-sized Galli-
form species endemic to the high mountains of 
western China, and distributed in south-eastern 
Tibet, southern Qinghai, western Sichuan and 
north-western Yunnan (MacKinnon & Phillipps 
2000, Madge & McGowan 2002). Although this 
species is in the Least Concern category by the 
current IUCN Red List (IUCN 2015), it is consid-
ered to be endangered by the Red Book of China 
and is legally listed in Category I of the nationally 
protected animals (Wang & Xie 2004). Conserva-
tion efforts have emphasized the need to under-
stand partridge ecology, especially regarding habi-
tat use (Klaus et al. 2003, Lu 2006), information 
that is fundamental to determining its conserva-
tion status (Bibby et al. 1998). 

However, habitat use of this species is still 
poorly known. Xu et al. (2010, 2014) and Zhang et 
al. (2011) conducted quantitative studies of roost-
ing and nesting sites in a small area (3.4 km2). 
However, most existing reports are anecdotal in 
nature, documenting that it lives in mixed conifer-
ous forests, rhododendron shrubs, oak thickets, 

alpine meadows and rocky ravines at 3,350–4,600 
m (Ludlow 1944, Liu & Ci 1993, Wu et al. 1994, 
Potapov 2002, Wen et al. 2008, Yu et al. 2011).  

Estimating relative abundance is an important 
part of quantifying a species’ habitat use (Bibby et 
al. 1998, Sutherland & Green 2004). In this study, 
we examined the general habitat use pattern of 
buff-throated partridges from autumn to spring, 
by comparing the relative abundance of species in 
each available habitat with the expected abun-
dance (determined by proportional representation 
of each habitat type in the study area).  
 
 
Materials and Methods 
 
Study site 
We conducted the study in the Pamuling Mountains 
(30°06′N 101°11′E; Fig. 1), Yajiang County, Ganzi Tibetan 
Autonomous Prefecture, Sichuan, China, from late Au-
gust 2008 to June 2009. This site ranged in elevation ap-
proximately from 3,300 m to 4,300 m and covered an area 
of 50 km2. The study site includes a Tibetan monastery 
and a sacred area of the mountain range, protected by the 
monastery; the efforts of the monastery have resulted in 
significant wildlife habitat conservation. The sub-humid 
climate of the Qinghai-Xizang Plateau predominates, with 
autumn occurring from August to September, winter  
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Figure 1. Map showing location of the study site (Pamuling) in Yajiang County, Sichuan Province, China. 
 
 
from October to March, spring from April to June, and a 
short summer in July (Yang et al. 2011; see Table 1 for the 
seasonal mean temperature and precipitation through the 
study period; data were download from 
http://cdc.nmic.cn/home.do). Plants begin flowering in 
April, and flowering of dominant plants occurs predomi-
nantly from May to June. During the study period, the 
first ground-covering snow arrived in October, and per-
manent snow cover occurred from November to March. 
 
 

Table 1. Seasonal mean temperature and precipitation in 
the study site through the study period. 

 

Season Temperature (°C) Precipitation (mm) 
Autumn 5.7 231.2 
Winter -5 12.8 
Spring 3.6 102 
Summer 7.9 335.7 

 
 

The study site has five main types: (1) Fir–larch for-
ests (FF), dominated by Abies squamata, and Larix potaninii; 
(2) Mixed spruce–larch–birch forests (DBCF), dominated 
by Picea asperata, L. potaninii, and Betula platyphylla; (3) 
Oak thickets (OT), dominated exclusively by Quercus aq-
uifolioides; (4) Pine forests (PPF), dominated exclusively 
by Pinus densata; and (5) Rhododendron shrubs (RS), 
dominated by Rhododendron nitidulum, Rh. flavoflorum, 
Salix sp. and Dasiphora fruticosa. Additionally, there are a 
few tiny patches of alpine meadows, dominated by Ko-
bresia setchwanensis, Polygonum viviparum, Potentilla dis-
color and Hemiphragma heterophyllum, and they are gener-
ally enclosed by other five habitats. 

 
Field survey 
We implemented two different survey techniques to es-
timate relative abundances of buff-throated partridges, as 
follows:  

(1) Autumn and winter survey.- Between August and 
March, it was difficult to count buff-throated partridges 
directly (except for those living around the monastery 
and the small sacred mountain, see Xu et al. 2011), owing 

to the dense cover of vegetation and the elusive behav-
iour of this species. Alternatively, we recorded the num-
ber of feathers discarded along designated transects to 
obtain measures of relative abundances. The feathers re-
corded were large veined feathers that are easy to identify, 
including primaries, secondaries, tail feathers, and cov-
erts. We did not record signs such as feeding traces and 
feces, because of difficulties in distinguishing these signs 
of buff-throated partridges from those of sympatric Galli-
formes such as white-eared pheasants (Crossoptilon cros-
soptilon), blood pheasants (Ithaginis cruentus) and other 
birds.  

We sited transects to avoid edge effects, despite the 
steep terrain and dense vegetation types that complicated 
travel in some areas. We positioned a total of nine tran-
sects across the five main habitat types. The transects to-
talled 28.5 km in length (Table 2), varying between 2 and 
6 km. We surveyed the transects about every two months.  

 
 

Table 2. Length of transects surveyed through the five 
habitat types in autumn and winter and number of 
point stations established in each habitat type during 
the spring survey. 

 

Habitat type 
Length of 

transects travelled 
Number of 

point stations 
Fir–larch forests 8.4 16 
Mixed spruce–larch–

birch Forests 
4.7 13 

Oak thickets 8.5 27 
Pine forests 3.4 20 
Rhododendron shrubs 3.5 8 
 
 

Surveys mainly took place between 0900–1700 on 
days without rain or snow. While surveying, a team of 
three people walked at a pace of about 2 km/hr, search-
ing and recording feathers within about 0.5 m beside each 
side of the transect. We excluded feathers identified at 
roosting sites (i.e., large amount of droppings found di-
rectly below trees), due to the objective of examining the 
general habitat rather than the specific roosting habitat 
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used by buff-throated partridges.  
(2) Spring survey (April to June).- In spring, it tended 

to be relatively easy to detect buff-throated partridges via 
their calls. Therefore, we used the point-count technique 
in which observers recorded birds heard from stationary 
points positioned along a transect (Jones 1998). To stimu-
late call responses, playbacks were introduced into the 
survey. 

We established 84 point stations (Table 2) in ten tran-
sects totalling 22.5 km in length, which were based on the 
nine transects sited in the autumn and winter survey, but 
were modified to place point stations more effectively. 
Point stations were positioned approximately every 250 
m along a transect route following the suggested criterion 
(Bibby et al. 1998). We ensured all stations at least were 
125 m from habitat edges. We scheduled the survey each 
month, undertaking all fieldwork between 0730–1740 on 
days without rain or snow (when buff-throated par-
tridges were active and were relatively easy to be flushed 
by the playback). A team of two people, who had been 
trained in estimating distances, walked along transects at 
a pace of about 2 km/hr. At each station, one 40-second 
buff-throated partridge territorial chorus was played after 
a 2-minute waiting period (The recording was chosen 
from recordings from a JWD Recorder (DVR-892)). As 
soon as a group responded, the playback was stopped; 
otherwise, the playback was repeated once after a 2-
minute interval. The observers remained at each station 
for 10 minutes, recording responses within a 125 m radius 
surrounding the station (i.e., the distance from the station 
to the midpoint between the station and the previous or 
next station). If there were two or more non-continuous 
responses from similar places within the allotted time, 
these responses were considered to be from the same 
group to avoid double counts. 

 
Data analysis 
We considered the relative level of abundance in a spe-
cific habitat equally proportional to habitat use (Bibby et 
al. 1998, Sutherland & Green 2004). We used Chi-square 
and Fisher’s exact tests to determine habitat use patterns 
of buff-throated partridges by examining whether cues 
recorded in each kind of habitat differed from expected. 
For the feather-count survey, the expected numbers of 
feather samples was based on the available proportions of 
each habitat type along the transects (Table 2); and for the 
point-count survey, the expected values of call responses 
was determined in proportion to the relative numbers of 
stations included in different habitats (i.e., the availability 
of each habitat type at point stations; Table 2). All statisti-
cal tests were completed in Excel 2007 and SPSS 18.0, with 
p < 0.05 interpreted as being statistically significant. 
 
 
Results 
 
We conducted four feather-count surveys, once in 
autumn and the other during the winter months. 
We recorded 46 feather samples in autumn. The 
analysis showed that the number of feather sam-

ples detected in different habitats differed signifi-
cantly from expected (χ2 = 9.741, df = 4, p = 0.045), 
indicating that buff-throated partridges had pref-
erences for using some habitats over others. The 
analysis further revealed that buff-throated par-
tridges preferred fir–larch forests, and avoided 
pine forests (Fig. 2 A).  

During the winter months, we recorded 56 
feather samples. There was no monthly difference 
in the numbers of feather samples across habitats 
(Fisher’s exact test, p = 0.447). Data were pooled 
and analysis showed that buff-throated partridge 
habitat use differed from the expected (χ2 = 9.520, 
df = 4, p = 0.049): they preferred oak thickets, with 
an obvious avoidance of pine forests (Fig. 2 B).  
 

 
 

Figure 2. Difference between the numbers of buff-
throated partridge feather samples recorded in each 
habitat type and the expected in autumn (A) and winter 
(B), respectively. Abbreviation: FF, fir–larch forests; 
DBCF, mixed spruce–larch–birch forests; OT, oak thick-
ets; PPF, pine forests; RS, rhododendron shrubs. 

 
 

We conducted three repeats of the point-count 
surveys during the spring months, recording 53 
call responses. There was no significant monthly 
difference in the numbers of responses detected 
across habitats (Fisher’s exact test, p = 0.640). Fur-
ther, the pooled data revealed that buff-throated 
partridge habitat use differed from the expected 
(χ2 = 15.754, df = 4, p = 0.003; Fig. 3). In a similar 
pattern demonstrated in winter, the partridges 
preferred oak thickets with obvious avoidance of 
pine forests.  
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Figure 3. Difference between the number of buff-throated 
partridge call responses detected in each habitat type 
and the expected during the spring months. Abbrevia-
tion: FF, fir–larch forests; DBCF, mixed spruce–larch–
birch forests; OT, oak thickets; PPF, pine forests; RS, 
rhododendron shrubs. 

 
 
Discussion 
 
It is difficult to count cryptic and skulking Galli-
formes using standard methods of counting popu-
lations (Lu et al. 2003). In this study, we quantified 
habitat use of rare and cryptic buff-throated par-
tridges from autumn to spring, by implementing 
an indirect technique of feather counts and a play-
back point-count technique to obtain measures of 
relative abundances in different habitats. The 
feather-count technique has been previously im-
plemented to survey other elusive Galliformes (Lu 
& Zheng 2001, Nawaz et al. 2001, Lu et al. 2003, 
Schäublin & Bollmann 2010). Feathers might be 
displaced by wind, but we argue this was not a 
major problem in determining presence of buff-
throated partridges within a habitat type, because 
the large veined feathers we used to count are 
generally not easy displaced from one habitat 
patch to another inside dense woodlands. 

Despite being used widely to study habitat 
use of birds (Bibby et al. 1998), the point count 
technique has been seldom used to survey Galli-
formes (Chávez-león et al. 2004, Franco et al. 2006, 
Bhattacharya et al. 2009). In this study, we used 
playbacks to initiate point-count surveys and to 
help boost encounter rates. It is possible that birds 
are not detected in their initial locations, with 
playbacks provoking some movement (Franco et 
al. 2006). In our study, however, this possible bias 
was minimized because buff-throated partridges 
are a strongly territorial species (Xu et al. 2011, 
Yang et al. 2011) and playbacks rarely provoked 
movement prior to vocalization (personal observa-
tions at the small sacred grove during 2006 –2009). 

As noted by previous studies (Ludlow 1944, 
Liu & Ci 1993, Wu et al. 1994, Potapov 2002, Wen 
et al. 2008, Yu et al. 2011), buff-throated partridges 
avoid using pine forests, regardless of the season. 
However, their preference for specific habitats was 
different among the three seasons: they preferred 
fir–larch forests in autumn, while selecting oak 
thickets in winter and spring. Furthermore, the 
habitat preference pattern mentioned above is dif-
ferent from the roosting and nesting habitat used 
by this species, as they almost exclusively select 
fir–larch forests for roosting (Xu et al. 2010, 2014), 
and build their nests mainly in fir–larch forests, 
rhododendron shrubs, as well as some tree-
dominated oak thickets (Zhang et al. 2011). These 
indicate seasonal or temporal changes in habitat 
use for this species. 

We speculate that the present habitat use pat-
tern is mainly related to the buff-throated par-
tridge’s diet and feeding habits. Buff-throated par-
tridges are primarily herbivorous, feeding on 
fruits, seeds, and roots of grasses (Yu et al. 2011). 
They do some digging and scratching while forag-
ing but with poor results, because of their narrow, 
relatively delicate bills and relatively weak feet. 
Therefore, feeding in an area with sparse grasses, 
but heavy leaf-litter makes it difficult to obtain the 
food items they require. For example, fruits or 
seeds are less available if buried beneath deep 
piles of leaf-litter. Among the five habitats we in-
vestigated, pine forests had the lowest cover of 
grasses [5.4 (1 SE: 2.2)%, n = 20] and the highest 
cover of leaf-litter [77.8 (1 SE: 5.0)%, n = 20] (Xu 
2011), and we suggest this as a reason why buff-
throated partridges avoided using this habitat. At 
present, we do not have any insights into why 
buff-throated partridges preferred fir–larch forests 
in autumn, and then switched their preference to 
oak thickets during the course of winter and 
spring months. While both of these two habitats 
were intermediate in the cover of grasses and leaf-
litter, it is possible that predation and microcli-
mate also affect the buff-throated partridge habitat 
use. Further studies aimed at measuring micro-
habitat characteristics could help our understand-
ing. 

Considering seasonal and temporal changes in 
habitat use of buff-throated partridges, we suggest 
that managers should maintain a mosaic of habi-
tats (Morante-Filho et al. 2014), rather than focus-
ing solely on fir–larch forests, as Xu et al. (2010) 
previously suggested. Although commercial log-
ging has been banned in this species’ distribution 
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range since 1998, oak thickets, the most important 
habitat for buff-throated partridges during the 
winter and spring months, are still cut by the local 
communities since Q. aquifolioides is a good source 
of timber for cooking and heating. While it is not 
practical to restrict the local people’s access to oak 
thickets over the short term, we suggest that fire-
wood cutting should be regulated through desig-
nation of locations and times for harvests.  
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