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Abstract. Studies on habitat requirements are essential for efficient management actions. However, detailed 
information is still scarce for Niviventer confucianus and Apodemus draco in the Hengduan Mountains on their 
habitat requirements. Data on habitats utilized by sympatric N. confucianus and A. draco were collected using 
transect line sampling from April to December 2008 in Fengtongzhai Nature Reserve, China. The results 
indicated that both mammals exhibited an obvious habitat preference across seasons. In spring, N. confucianus 
preferred habitats at lower elevations, with thicker leaf litter, lower bamboo cover, shorter total length of 
fallen logs and higher tree diversity, and A. draco preferred habitats at lower elevations and with higher 
percentage of nut trees. In summer-autumn, N. confucianus frequently occurred at sites with lower elevations 
and thicker leaf litter, while A. draco preferred habitats with thicker leaf litter and higher percentage of nut 
trees. In winter, N. confucianus preferred sites with lower elevations and dead tree density, and higher canopy 
and percentage of nut trees. In contrast, A. draco preferred habitats with thicker leaf litter and higher shrub 
density. Variables closely relating to food availability and predation risks contributed more to discriminating 
habitat plots from control ones, implying that the two factors played an important role in shaping their 
process of habitat selection. In addition, both mammals exhibited a distinct habitat use pattern from each 
other, and some variables, such as elevation, contributed more to their habitat separation across seasons, 
which can potentially reduce interspecific competition and further facilitate their coexistence in sympatry. 
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Introduction 
 
A habitat can be defined as a spatially bounded 
area with a subset of physical and biotic condi-
tions (Morris 2003). It determines the availability 
of resources, nest sites and mates, and abundance 
of conspecific and interspecific competitors, the 
risks of predation, parasitism and diseases (Morris 
1987; Haering & Fox 1996). MacArthur & Pianka 
(1966) argued that individuals will choose habitats 
where their reproductive success is optimised. 
Therefore, it can be expected the process of habitat 
selection by animals can be influenced by a num-
ber of factors, such as habitat structure, food 
availability, conspecific and interspecific competi-
tion, predation risks and phylogenetic constraints 
(Southwod 1977, Hutto 1985, Muller et al. 1997, 
Luck 2002, Zhang et al. 2006, 2009, Sacchi et al. 
2011, Balog et al. 2012).  

Covering about 50, 000 km2, the Hengduan 
Mountains in southwestern China, is one of the 
biodiversity hotspots for conservation priorities in 
the world (Myers et al. 2000, Bruford et al. 2004). It 

was estimated that there were about 12000 plant 
species and more than 1100 vertebrate species re-
maining in the region (Myers et al. 2000). Of 
which, small mammals are of great importance for 
ecosystems’ integrality and normal function, help-
ing to carry fruits or seeds, which further affect the 
renewal and growth of forests, and being a food 
source for some carnivores or raptors (Song et al. 
1998). However, compared with great efforts 
made for preserving some large mammals in the 
Hengduan Mountains, such as for the giant panda 
(Ailuropoda melanoleuca), the famous bamboo 
feeder in the order Carnivora (Wei et al. 2000, 
2012, Zhang et al. 2006, 2009, 2011, Zhu et al. 2011, 
Zhao et al. 2013), little attention has been paid to 
small mammals both in research activities and 
conservation efforts so far.  
Niviventer confucianus and Apodemus draco are 
common small body-sized mammals in the Heng-
duan Mountains (Hu 2007). They are both more 
active at night and dawn, mainly feeding on seeds, 
insects, fruits, flowers and other tender parts on 
plants (Mu et al. 2012). In addition, they can store 
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and carry seeds and fruits, affecting forest growth 
and regeneration (Xiao & Zhang 2004). However, 
except for some efforts made to understand the re-
lationship between their distribution and some 
environmental factors, such as deforestation, af-
forestation, elevation and slope as well (e.g. Girau-
doux et al. 1998, Raoul et al. 2008, Vaniscotte et al. 
2009), quantitative studies are still scarce to un-
cover their habitat use pattern. In wildlife man-
agement, information on habitat requirements has 
become a necessary tool to guide management ac-
tivities and improve their efficiency (Pulliam & 
Danielson 1991, Caughley & Sinclair 1994, Noss & 
Csuti 1997). In this study, we conducted a field 
survey during April-December 2008 in Feng-
tongzhai Nature Reserve, China, to gather infor-
mation on both mammals’ habitat requirements. 
Our goals are (1) to detect ecological factors affect-
ing their habitat use across seasons, and (2) to un-
cover whether there are distinct habitat utilization 
patterns potentially contributing to their coexis-
tence in sympatry. 
 
 
Materials and Methods  
 
Sudy area 
The fieldwork was conducted in Fengtongzhai Nature 
Reserve (102º48'–103º00'E, 30º19'–30º47'N, Fig. 1), Baoxing 
County of Sichuan Province, China, with the approval 
from Sichuan Forestry Bureau. The reserve covers about 
390 km2 of rugged ridges and narrow valleys at eleva-

tions of 1,000–4,896 m. Mean annual temperature, humid-
ity and rainfall are 5.9–7.2 ºC, 79–83 % and 730–1,300 mm 
respectively. Three seasons are identified, and spring lasts 
from April to June, summer-autumn from July to Octo-
ber, and winter consists of the rest months (Zhang et al. 
2004, 2006).  

As elevation increases, vegetation in the reserve tran-
sitions from mixed evergreen and deciduous broad-
leaved forests to shrubs or grasslands (Zhang et al. 2004). 
Due to extensive human activities at lower elevations, our 
field work was only conducted in three categories of 
vegetations: mixed evergreen and deciduous broad-
leaved forests (EDF) below 2,300 m, mixed deciduous and 
coniferous forests (DCF) between 2,300-3,300 m, and al-
pine shrubs or grasslands (ASG) above 3,300 m. Two 
bamboo species, Yushania brevipaniculata and Bashania fa-
beri, are dominant in our study area; the former mainly 
occurs at elevations of 1,800–2,600 m, and the latter at 
2,600–3,300 m. 

 
Trapping, transect lines and plots 
During field survey, we set up 42 transect lines (18 in 
spring, 18 in summer-autumn and 6 in winter) in differ-
ent valleys in the reserve. On each side of hillsides in a 
valley, only one transect line was established. The length 
of transect lines varied (Range: 2.2-7.5 km), but usually 
covered all three forest categories. Along these lines, 
break-back traps were installed in the afternoon at an in-
terval of about 5 m, and were checked in the morning on 
the next day. Fried corn seeds were used for bait in the 
field.  

Once an animal was captured, we identified its spe-
cies name based on its body and skull characteristics, fol-
lowing references including Corbet (1978), Feng et al. 
(1986) and Hu (2007). Only N. confucianus and A. draco 

 
 

   

Figure 1. Study area and capture
sites of Niviventer confucianus and
Apodemus draco in Fengtongzhai
Nature Reserve, China. 
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Table 1.  Description and definitions of variables in the study. 
 

Variables Description and definitions 
Elevation (m) Elevation at sites where control or habitat plots were established  
Vegetation type Vegetation at sites where control or habitat plots were established. Three 

categories were involved: mixed evergreen and deciduous broad-leaved forest 
(EDF), mixed deciduous and coniferous forest (DCF), and alpine shrub or 
grassland (ASG)  

Leaf litter depth (cm) Average depth of leaf litter in 1.0 m2 square plot at the centre of control or habitat 
plots 

Canopy (%) Canopy of overstory in control or habitat plots 
Large tree density (culms/100 m2) Number of large trees (>10 cm in DBH) in each control or habitat plot 
Small tree density (culms/100 m2) Number of small trees (≤10 cm and >3 cm in DBH) in each control or habitat plot  
Tree DBH (cm) Average diameter of trees at the breast height (>3 cm in DBH)   
Tree density (culms/100 m2) Number of trees (>3 cm in DBH) in each control or habitat plot   
Shrub density (culms/100 m2)  Number of shrubs (≤3 cm in DBH) in each control or habitat plot  
Bamboo density (culms/ m2) Number of bamboo culms in 1.0 m2 square plot at the centre of control or habitat 

plots  
Bamboo cover (%)  Percentage of bamboo cover in each control or habitat plot  
Herb cover (%)  Percentage of herb cover in 1.0 m2 square plot at the centre of control or habitat 

plots 
Herb height (cm)  Average height of herb layer in 1.0 m2 square plot at the centre of control or 

habitat plots  
Total length of fallen logs (m) Total length of fallen logs (>10 cm in diameter) in each control or habitat plot  
Dead tree density (culms/100 m2) Number of dead trees (>10 cm in diameter) in each control or habitat plot   
Percentage of nut trees (%) Percentage of nut trees in each control or habitat plot  
Tree diversity Shannon diversity index, calculated as H=-∑ Pi㏑Pi for tree species (>3 cm DBH)  
 
 
 

were involved in the study. Variables describing habitats 
were measured in 10×10 m2 and 1×1 m2 square plots, both 
centralized at the sites where animals were captured. To 
ensure independence of data, control plots (10×10 m2) 
were sampled at an interval of 150 m in elevation along 
transect lines from the starting point.  

Seventeen variables were measured in both habitat 
and control plots (Table 1). 101, 84 and 40 control plots 
were surveyed in spring, summer-autumn and winter re-
spectively. Numbers of habitat plots sampled for N. con-
fucianus in spring, summer-autumn and winter were 42, 
89 and 67, and that for A. draco was 98, 88 and 50 respec-
tively. 

 
Statistical analysis 
A logarithmic (Logx+1) transformation was carried out 
on all variables (Marsh & Harris 2000), and then exam-
ined for normality through Kolmogorov-Smirnov test. 
One-way ANOVA was used to compare difference be-
tween habitat and control plots for variables in normality, 
or Mann-Whitney U test was used if the normality was 
violated. Because multicollinearity would either inflate or 
reduce the contribution of predictor variables, for those 
with a correlation coefficient above 0.5, only the variable 
with clear biological meaning was entered for subsequent 
logistic regression analysis (Sébastien et al. 2003). In the 
end, stepwise discriminant function analysis was adopted 
to assess the relative importance of each variable contrib-
uting to habitat separation between the two mammals.  

All analyses were conducted in the software SPSS 
13.0. The significance level was set at 0.05.  
 
 

Results 
 
During field study period, 4, 140, 3, 990 and 1, 320 
traps were installed along the transect lines in 
spring, summer-autumn and winter, respectively 
(Table 2). Relatively, capture rates of the two 
mammals were higher in winter than in the other 
two seasons.  
 
Seasonal habitat use by N. confucianus and A. draco  
Spring. Five variables contributed significantly to 
discriminating habitat plots from control ones for 
N. confucianus in spring (Table 3), with a correct 
prediction rate of 90.1% for the pooled plots. Dur-
ing this season, N. confucianus preferred habitats at 
lower elevations, with thicker leaf litter, lower 
bamboo cover, shorter total length of fallen logs 
and higher tree diversity (Table 4). In contrast, 
only elevation and percentage of nut trees signifi-
cantly affected habitat selection by A. draco during 
this season (with a correct prediction rate of 71.3% 
for the pooled plots) (Table 5). The animal pre-
ferred habitats at lower elevations and with higher 
percentage of nut trees (Table 6). 

Summer-autumn. Elevation and leaf litter depth 
contributed significantly to discriminating habitat 
plots from control ones for N. confucianus in sum-
mer-autumn (with a correct prediction rate of 
73.2%) (Table 3). The animal was found to prefer  
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Table 2.  Efforts made to capture N. confucianus and A. draco across seasons. 
 

Captured animals 
Seasons Transect  

lines 
Trapping  

period 
Number  
of traps N. confucianus A. draco 

Spring 18 Apr. 1-Jun.14 4140 42 98 
Summer-autumn 18 Jul.4-Oct.19 3990 89 88 
Winter 6 Nov.2-Nov.20 1320 67 50 

 
 

Table 3.  Factors affecting habitat selection by N. confucianus across seasons  
(through stepwise logistic regression). 

 

Seasons Variables Coefficient SE Wald P 
Elevation -15.76 7.69 4.20 0.04 
Leaf litter depth 7.01 2.34 9.00 0.00 
Bamboo cover -11.35 3.78 9.02 0.00 
Total length of fallen logs -2.78 0.91 9.40 0.00 

Spring 

Tree diversity 19.69 7.43 7.02 0.01 
Constant 40.53 8.06 25.27 0.00 
Elevation -12.73 2.47 26.57 0.00 

Summer-autumn 

Leaf litter depth 2.90 1.12 6.73 0.01 
Constant 47.24 17.44 7.34 0.01 
Elevation -16.49 5.40 9.34 0.00 
Canopy 13.94 6.01 5.38 0.02 
Dead tree density -2.89 1.15 6.35 0.01 

Winter 

Percentage of nut trees 10.07 5.12 3.87 0.05 
 
 

Table 4.  Mann-Whitney U tests or one-way ANOVA for variables significantly affecting  
habitat selection by N. confucianus across seasons. 

 

Seasons Variables Control plots Habitat plots U test or ANOVA P 
Elevation  2358(401) 1829(140) 78.36 0.00 
Leaf litter depth  1.9(1.0) 2.4(1.0) 1424.50 0.00 
Bamboo cover  68.24(45.84) 14.29(29.60) 649.50 0.00 
Total length of fallen logs 6.3(7.0) 1.8(3.9) 1165.50 0.00 

Spring 

Tree diversity  0.93(0.26) 1.11(0.21) 1245.00 0.00 
Elevation  2316(609) 1825(283) 1760.00 0.00 Summer-autumn 
Leaf litter depth  2.0(1.1) 2.7(1.3) 2794.50 0.00 
Elevation  2260(499) 1843(230) 600.00 0.00 
Leaf litter depth  2.7(1.1) 3.7(1.0) 614.00 0.00 
Canopy  51.13(19.98) 65.07(19.97) 742.50 0.00 
Dead tree density  1.33(1.27) 0.73(1.14) 954.00 0.00 

Winter 

Percentage of nut trees 12.39(19.10) 23.01(11.87) 657.00 0.00 
 
 

Table 5.  Factors affecting habitat selection by A. draco across seasons  
(through stepwise logistic regression). 

 

Seasons Variables Coefficient SE Wald P 
Constant 23.12 8.61 7.22 0.01 
Elevation -7.06 2.56 7.59 0.01 

Spring 

Percentage of nut trees  8.43 2.45 11.87 0.00 
Constant -1.39 0.54 6.60 0.01 
Leaf litter depth 3.45 1.06 10.51 0.00 

Summer-autumn 

Percentage of nut trees  -7.45 3.26 5.21 0.02 
Constant -8.24 3.09 7.13 0.01 
Leaf litter depth 20.82 4.93 17.87 0.00 

Winter 

Shrub density  1.48 1.48 7.55 0.01 
 
 
habitats at lower elevations and with thicker leaf 
litter (Table 4). Both leaf litter depth and percent-
age of nut trees significantly affected habitats se-

lected by A. draco in this season, which more often 
occurred in habitats with thicker leaf litter and 
higher percentage of nut trees (with a correct pre- 
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Table 6.  Mann-Whitney U tests or one-way ANOVA for variables significantly affecting  
habitat selection by A. draco across seasons. 

 

Seasons Variables Control plots Habitat plots U test or ANOVA P 
Elevation  2358(401) 2099(286) 25.85 0.00 Spring 
Percentage of nut trees 7.44(15.35) 23.35(24.17) 2981.50 0.00 
Leaf litter depth 2.0(1.1) 2.5(0.8) 3510.00 0.01 Summer-autumn 
Percentage of nut trees 7.00(13.73) 10.82(15.13) 3034.00 0.02 
Leaf litter depth 2.7(1.1) 3.9(0.7) 302.00 0.00 Winter 
Shrub density 23.80(19.52) 13.20(5.54) 693.00 0.01 

 
 
diction rate of 74.8%) (Table 5, Table 6). 

Winter. Elevation, canopy, dead tree density 
and percentage of nut trees significantly affected 
habitat selection by N. confucianus in winter (Table 
3), and they preferred to occur at sites with lower 
elevations and dead tree density, and higher can-
opy and percentage of nut trees (with a correct 
prediction rate of 86.6%) (Table 4). Only leaf litter 
depth and shrub density contributed more to dis-
criminating habitat plots from control ones for A. 
draco in winter (with a correct prediction rate of 
74.6%), which preferred habitats with thicker leaf 
litter and higher shrub density (Table 5, Table 6). 

 
Seasonal habitat separation between  
N. confucianus and A. draco 
Spring. Six variables were retained in the final dis-
criminant function equation (Table 7), with 86.8% 
of correct classification rate for the pooled plots. 
Elevation, leaf litter depth and bamboo cover had 
greater absolute values of discriminant coefficients 
(Table 7), indicating that habitat separation be-
tween the two mammals mainly resulted from 
them in spring. Compared with N. confucianus, 
habitats selected by A. draco were characteristic of 
higher elevations and bamboo cover, but with 
lower leaf litter depth (Table 8). 

Summer-autumn. Only elevation and bamboo 
cover contributed significantly to discriminating 

Table 7.  Factors discriminating habitat plots between N. 
confucianus and A.draco across seasons. 

 

Seasons Variables Discriminant 
coefficients 

Spring Elevation 0.53 
 Leaf litter depth -1.01 
 Tree DBH 0.39 
 Bamboo cover 0.76 
 Percentage of nut trees 0.37 
 Tree diversity  -0.27 
Summer-autumn Elevation 0.83 
 Bamboo cover 0.33 
Winter Elevation 0.49 
 Vegetation type 0.60 
 Canopy -0.33 

 
 

habitats selected by the two mammals (Table 7), 
with an overall correct classification rate of 78.0%. 
Compared with A. draco, habitats selected by N. 
confucianus more often occurred at lower eleva-
tions, and with lower bamboo cover (Table 8).  

Winter. Elevation, vegetation type and canopy 
were entered into the final discriminant function 
equation (Table 7), and the correct prediction rate 
for the pooled plots was 84.6%. A. draco were more 
distributed at higher elevations than N. confu-
cianus. In addition, N. confucianus only occurred in 
mixed evergreen and deciduous broad-leaved for-
ests, but A. draco still kept a higher density in 
mixed deciduous and coniferous forests with  

 
 

Table 8.  Mann-Whitney U tests or one-way ANOVA for variables significantly discriminating  
habitats selected by N. confucianus and A. draco across seasons. 

 

Seasons Variables N. confucianus A. draco U tests or ANOVA P 
Elevation  1829(140) 2099(286) 34.91 0.00 
Leaf litter depth 2.4(1.0) 1.8(1.2) 1391.00 0.00 
Tree DBH 9.2(5.1) 14.6(8.7) 898.50 0.01 
Bamboo cover 14.29(29.60) 50.30(39.94) 1013.50 0.00 
Percentage of nut trees 12.5(7.5) 14.7(8.6) 1767.50 0.19 

Spring 

Tree diversity 11.65(19.40) 23.35(24.17) 1469.50 0.01 
Elevation 1825(283) 2234(305) 1269.50 0.00 Summer-autumn 
Bamboo cover 21.48(33.61) 55.14(38.21) 2179.50 0.00 
Elevation 1843(230) 2392(354) 312.50 0.00 
Vegetation type 1.00(0.00) 1.64(0.48) 603.00 0.00 

Winter 

Canopy 50.60(20.19) 65.07(19.97) 932.00 0.00 
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higher canopy (Table 8). 
 
 
Discussion 
 
Both predation risks and availability of resources 
in space and time can affect habitat selection and 
spatial distribution for small mammals (Stapp 
1997, Dalmagro & Vieira 2005, Haering & Fox 
2005, Naderi et al. 2013). In this study, N. confu-
cianus exhibited a distinct habitat preference 
across seasons, and factors affecting its habitat se-
lection varied, too (Table 3). Even so, some vari-
ables related to escaping from predators, such as 
leaf litter depth, canopy and bamboo cover as 
well, contributed more to discriminating habitat 
plots from control ones (Table 4), implying that 
predation risks are perhaps essential to affect habi-
tats selected by the animal. During our field sur-
vey, feces or tracks left by many carnivores were 
found frequently, including Cuon alpinus, Mustela 
nivalis, Mustela sibirica, Catopuma temminckii and 
Felis bengalensis. Some raptors, such as Milvus 
lineatus and Buteo buteo were observed many 
times, too.  

Besides predation risks, food availability 
seems to significantly affect habitat use by N. con-
fucianus. For example, seeds constituted the major 
part on their diet in winter (Mu et al. 2012), driv-
ing them to utilize habitats with higher tree diver-
sity (Table 3, Table 4). The preference for sites with 
lower elevations and higher tree diversity by the 
animal in spring was perhaps related to easy ac-
cess to food source, too.  

Similar habitat selection patterns can be found 
for A. draco. Now that seeds, insects and fruits 
constituted the major of their diet across seasons 
(see Mu et al. 2012), it is not surprising that they 
preferred habitats with higher percentage of nut 
trees (Table 5, Table 6). In addition, higher leaf lit-
ter in their habitats can not only help catch insects 
inside to ingest, but escape from predation by car-
nivores.   

Related species that coexist spatially generally 
show differences in feeding strategies, occupy dif-
ferent habitats or present distinct temporal pat-
terns of activity (Schoener 1974). Resource parti-
tioning studies have found that habitat selection to 
be a fundamental mechanism facilitating species 
coexistence (Schoener 1974, 1986, Rosenzweig 
1989, Haering & Fox 1997, Balog et al. 2012). 
Among 17 variables surveyed, six, two and three 
variables contributed more to discriminating habi-

tat plots in spring (elevation, leaf litter depth, tree 
DBH, bamboo cover, percentage of nut trees and 
tree diversity), summer-autumn (elevation and 
bamboo cover) and winter (elevation, vegetation 
type and canopy) (Table 7, Table 8), indicating that 
both animals exhibited distinct habitat selection 
patterns from each other. 

Variables contributing to habitat separation 
between the two mammals differed across seasons 
(Table 7). However, elevation seems most impor-
tant for it is retained in all discriminant function 
equations (Table 7). Generally, N. confucianus oc-
curred at sites lower in elevations than A. draco 
(Table 8), resulting in spatial segregation to reduce 
interspecific competition, further contributing to 
their sympatric coexistence. On this aspect, our re-
sults were roughly consistent with some previous 
reports (i.e. Pimm & Rosenzweig 1985, 
Rosenzweig 1989, Haering & Fox 1997, Wei et al. 
2000, Zhang et al. 2004, 2006). 
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