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Abstract Four pine forests (6–10, 11–15, 16–20, and 31–40 
year-old) located in the Cangshan Mountain and Erhai Lake 
National Reserve and 7 pine forests (1–5, 6–10, 11–15, 16–
20, 21–30, 31–40, and more than 50 year-old) located in the 
non-protective area near the national reserve were selected. 
Three replications of each forest was set and a total of 33 sites 
were investigated. At each site, we quantified 6 habitat vari-
ables (species richness, abundance, and percentage of grasses 
and shrubs coverage respectively at the bottom layer of 
forests) within randomly determined 5  mx5  m areas. One 
hundred cages were set in five lines at each site to trap small 
mammals, whose species and numbers were recorded. Domi-
nance of Dremomys pernyi and Callosciurus erythraeus in 
small mammal communities, time niche breadth, and time 
niche overlap between the two small mammals were calcu-
lated, respectively. Step-wise regression was used to analyze 
the relationship between small mammals and habitat factors. 
Our results indicated that D. pernyi occurred earlier than C. 
erythraeus in protective pine forests. D. pernyi was captured 
in 6–10 year-old forest initially, and C. erythraeus was 
captured in 16–20 year-old forest initially. D. pernyi and C. 
erythraeus were captured in the 31–40 and 21–30 year-old 
forests initially in the non-protective area, respectively. Popu-
lations of D. pernyi and C. erythraeus in the 31–40 year-old 
protective forests were 3 and 3.75 times of those in the same-
aged non-protective forests, respectively. Shrubs significantly 
influenced the populations of the two small mammals. The 
population of D. pernyi was positively correlated with the 
density of shrubs; the population of C. allosciurus erythraeus 
was positively correlated with the coverage of shrubs, and 
negatively correlated with the coverage of grasses. D. remomys 

pernyi and C. allosciurus erythraeus were important for pine 
forests to scatter pine seeds. Human activities in the non-
protective pine forests decreased the vegetation heterogeneity 
at the bottom layer of pine forests, postponed the occurrence 
of D. pernyi and C. erythraeus, and decreased the populations 
of the two small mammals.
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1 Introduction

Small mammals play an important role in the restoration of 
forest ecosystems (Carey and Harrington, 2001), because 
they constitute a considerable resource for many mammalian 
and avian predators (Krebs and Myers, 1974; Hörnfeldt et al., 
1990; Carey and Johnson, 1995), and consume plants, lichens, 
fungi, and invertebrates (Buckner, 1966; Ure and Master, 
1982; Gebczynska, 1983; Hansson, 1988; Carey et al., 1999), 
which makes them important in the energy flow of forest 
ecosystems. Squirrels are common small mammals and one 
of the important consumers and sowers of pine seeds in pine 
forests (Lu, 2003), so they play an important role in the 
restoration of pine forests.

A large area of forest has been afforested after the 
excessive deforestation in Yunan Province, and forest cover 
increased from 24% in 1982 to 50% in 2004 (Cao, 2003; He, 
2004). Dremomys pernyi (Milne-Edwards) and Callosciurus 
erythraeus (Pallas) are two dominant carpophagous small 
mammals in pine plantations of Yunnan Province, which are 
similar in body size and food habit (Huang et al., 1995). In 
this paper, the population dynamics of the two small mam-
mals in protective and non-protective pine plantations at dif-
ferent ages were comparatively studied in and around the 
Cangshan Mountain and Erhai Lake National Reserve.
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2 Study sites and methods

2.1 Study sites

Studies were carried out in the forests in the Cangshan Moun-
tain and Erhai Lake National Reserve and the non-protective 
forests near the national reserve in Dali City (99°58p–
100°27p  E, 25°25p–25°58p  N ). The height of the area is 1950–
2050  m above the sea level. The average annual temperature 
and precipitation were 15.1°C and 110  cm, respectively. 

Yunnan pine (Pinus yunnanensis) is the dominant tree 
species, followed by Armandi pine (Pinus armandi) in these 
forests. The vegetations are well protected and undisturbed 
by human beings in the national reserve. In non-protective 
forests, although the cutting of trees is also forbidden, grasses 
are clipped by neighboring villagers as forage for domestic 
animals and materials to make stable manure in autumn and 
winter every year.

2.2 Estimation of habitat variables 

At each trapping site, we quantified 6 habitat variables within 
randomly determined 5  mx5  m areas, with three replica-
tions. The 6 variables were species richness, abundance, and 
percent cover of grasses and shrubs, respectively in the bottom 
layer of forests. Shrubs included all the woody perennial 
plants in the bottom layer of forests. Most shrubs are lower 
than 1.5  m, and few shrubs more than 2  m were observed 
in these young forests. Grasses included the annual woody 
plants and herbaceous plants.

2.3 Monitoring of small mammals

Small mammals were sampled in 4 pine forests (6–10, 11–15, 
16–20, and 31–40 year-old) located in the national reserve 
and 7 pine forests (1–5, 6–10, 11–15, 16–20, 21–30, 31–40, 
and more than 50 year-old) located in the non-protective area 
near the national reserve in June and July of 2004. Cage-traps 
(10  cmx12  cmx18  cm) baited with apple and oil-fried pea-
nuts were used to catch mammals. At each site, we set 5 trap 
lines separated about 30  m, 20 trap-cages separated 5  m apart 
within each trap line for a total of 100 trap-cages per site. 
Trap-cages were examined and rebaited each morning for 
three consecutive days as one replication. Three replications 
of each forest was set. Trapped mammals were taken to the 
laboratory, and the species, gender, weight, and length of 
these mammals were recorded.

2.4 Data analysis
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where S is the number of total niche ranks, and Pin is the 
proportion of the ith species in the nth niche ranks.

Stepwise linear regression was used to calculate the rela-
tionship between the habitat variables and small mammals. 
Before regression, the value of habitat variables was stan-
dardized. Comparison of abundance and dominance of small 
mammals, and habitat variables was analyzed by one-way 
analysis of variance (ANOVA).

3 Results

3.1 Population dynamics of the two small mammals

D. pernyi was captured in the 6–10 year-old protective forest 
initially, and its population increased with forest age. Its pop-
ulation reached the biggest (F3,8 = 8.500, P = 0.007) in the 
16–20 year-old forest, and its dominance index was 0.3298, 
the most dominance index in the captured mammals, then its 
population significantly decreased with forest age (Fig.  1).

C. erythraeus was captured in the 16–20 year-old protec-
tive forest initially. Its population significantly increased in 
the 31–40 year-old forest, compared to the 16–20 year-old 
forest (F3,8 = 18.000, P<0.001), and its dominance was 
0.2832, the most dominance index instead of that of D. pernyi 
in the small mammal community (Fig.  1).

Time niche breadths of D. pernyi and C. erythraeus were 
0.6577 and 0.2832, respectively, and their niche overlap was 
0.2768 in the protective forests.

D. pernyi and C. erythraeus were initially captured in 
the 31–40 and 21–30 year-old non-protective forests, respec-
tively. Both dominance indexes were low, and never reached 
0.1 (Fig.  2). Populations of D. pernyi and C. erythraeus in the 
31–40 year-old protective forests were 3 times (F1,4 = 20.000, 
P = 0.011) and 3.75 times (F1,4 = 30.250, P = 0.005) of those 
in the non-protective forests at the same age, respectively.

Time niche breadths of D. pernyi and C. erythraeus were 
0.2571 and 0.3262 in the non-protective forests, respectively. 
Their niche overlap was 0.6969, which was higher than that 
in the protective forests.
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3.2 Comparison of vegetation variables at the bottom layer

Cover, species richness, and density of shrubs in the 
protective forests were significantly higher than those in 
the non-protective forests at the same age, except the cover 
and species richness of shrubs in the 6–10 year-old forests 
(Table  1).

Cover and density of grasses in the non-protective forests 
were significantly higher than those in the protective 
forests at the same age. Species richness of grasses in the 

non-protective forests was significantly lower than that in 
the protective forests at the same age, except the 6–10 
year-old forests (Table  1).

3.3 Relationship between small mammals and habitat 
variables

Results of linear regression indicated that shrubs at the 
bottom layer of pine forests significantly influenced 
populations of the two small mammals (Table  2). Populations 

Fig.  1 Population of Dremomys pernyi and Callosciurus erythraeus in protective
(a) and non-protective; (b) pine forests at different ages

Fig.  2 Dominance of Dremomys pernyi and Callosciurus erythraeus in small mammal communities in protective
(a) and non-protective; (b) pine forests at different ages.

Table  1 Comparison of shrubs and grasses between the protective and non-protective forests belonging to four age classes

Age Vegetation Cover rate /% F1,4 Species richness F1,4 Density/(plants per 25  m2) F1,4

  P N  P N  P N 

 Shrubs
6–10  6.00 5.00 1.50  4.33 3.00 4.00  4.29 3.77 22.01**
11–15  15.00 4.00 36.30** 8.33 4.33 28.80** 4.42 3.72 11.64*
16–20  27.00 2.33 248.91*** 10.00 2.33 132.25*** 6.20 3.36 246.79***
31–40  42.33 8.00 230.63*** 10.33 6.33 8.45* 6.36 4.25 1003.23***
 Grasses         
6–10  17.00 71.67 114.04** 3.33 7.67 12.07* 5.21 8.88 1632.15***
11–15  47.67 84.00 45.35** 13.00 5.67 48.40** 8.45 9.25 31.57**
16–20  68.33 80.67 42.78** 14.00 6.67 12.10* 8.69 9.15 12.85*
31–40  52.00 77.33 125.57*** 13.33 7.33 23.14** 8.40 8.94 23.08**

P: Protective forest; N: Non-protective forest; Ln(x): Abundance of grasses; * P<0.05; ** P<0.01; *** P<0.001.
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of D. pernyi were positively correlated with the density of 
shrubs. Populations of C. erythraeus were positively corre-
lated with the coverage of shrubs, and negatively correlated 
with the coverage of grasses.

4 Discussion

Distribution of small mammals depends on the habitat that 
provides them with basic living factors, such as food and 
shelter (Adler, 1985; Batzli and Lesieutre, 1995; Ferreira and 
Van Aarde, 1996; Morris, 1997; Ecke et al., 2002; Tews et al., 
2004). D. pernyi and C. erythraeus are mainly fed on seeds 
and pinecones, and sometimes they also eat insects and the 
eggs of birds (Huang et al., 1995). Our results showed that C. 
erythraeus occurred later than D. pernyi in pine forests, which 
might indicate that C. erythraeus rely more on pinecones than 
D. pernyi, because there are fewer pinecones in the young 
pine forests than the old. The two squirrels often search for 
food on the ground, so vegetations in the bottom layer of the 
forests is important to their initial populations. This study 
showed that populations of D. pernyi and C. erythraeus in the 
protective pine forests were significantly higher than in the 
non-protective forests. The protective forests had more cover 
and density of shrubs than the non-protective forests, which 
could provide more shelter and food for the small mammals.

Quality and structure of the microenvironment in the 
habitat were direct factors that influence habitat selection of 
small mammals, and human activities were one of the impor-
tant disturbances to the microenvironment (Simonetti, 1993). 
Many researches showed that human activities changed abun-
dance, structure, and composition of small mammal commu-
nities (Wu and Luo, 1993; Xiao et al., 2002). Our study 
showed that D. pernyi and C. erythraeus occurred in the 31–
40 and 21–30 year-old forests initially in the non-protective 
forests, respectively. Populations of the two small mammals 
were significantly lower than in the protective forests, and 
their dominance indexes never reach 0.1. These results indi-
cated that human activities not only decreased the populations 
of D. pernyi and C. erythraeus, but also postponed the 
occurrence of the two small mammals in pine forests.

Natural restoration of pine forests depends on the scat-
tering of seeds by mammals. Squirrels are some of the few 
small mammals that can scatter and store seeds in the pine 
forest, and are one of the important sowers of pine seeds (Lu, 

2003), so they play an important role in the natural renewal 
and spread of pine forests. Our study showed that human 
activities, such as destroying vegetation at the bottom layer of 
pine forests, do harm to the initial establishment and growth 
of squirrel populations, and would not be beneficial to the 
natural renewal and spread of pine forests.
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