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Abstract
Small mammals have been proposed playing an important role in the energy flow and regeneration of forest ecosystems. We compared species richness, diversity (H’) of small mammal communities and abundance of six dominant species of small mammals in disturbed and protected
forests (four age classes: 6 - 10, 11 - 15, 16 - 20 and 31 - 40 years old) in China. We also investigated the structural variables (such as species richness, cover rate and abundance of shrubs and
grasses) in the bottom layer, which considered to be important for small mammals and might be
altered by human disturbance. The relationships between small mammals and these structural
variables were examined to determine the potential effects of human disturbance on the small
mammals in the restored forests. Our results indicated that the structure and composition of the
vegetation in the bottom layer were simplified by human disturbance, while the abundance and
cover rate of grasses were significantly increased. Although no significant differences were observed in species richness of small mammals between the protected and disturbed forests at the
same age, the diversity index of small mammals in the protected forests was always significantly
higher than in the disturbed forests. Regression showed that the species richness and diversity of
small mammals increased with the species richness of shrubs, and was negatively correlated to
the cover rate of grasses in the bottom layer. Human disturbance increased the total abundance of
small mammals, and the increased cover rate of grasses in the bottom layer was beneficial to the
abundance of small mammals. Obvious succession of small mammal communities occurred as the
protected forest aged. In the protected forests, small ground-dwelling mammals (A. chevrieri, E.
miletus and M. pahari) were the dominant species in the younger forests. Other mammals (T. belangeri, D. pernyi and C. erythraeus) gradually became the dominant species as the protected forests aged. However, in the disturbed forests, the smaller ground-dwelling mammals (T. belangeri,
D. pernyi and C. erythraeus) were always the dominant species at all ages of the disturbed forests.
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Regression indicated that the cover rate of grasses in the bottom layer was beneficial to the three
smaller body size and ground-dwelling small mammal species, while the shrubs were beneficial to
the three bigger body size mammal species.
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1. Introduction
A large area of forest has been restored following excessive deforestation in the 1960s and 1970s in China. For
example, excessive cutting decreased forests cover from 47% to about 25% in Yunnan Province; through forest
restoration, the cover rate has reached about 50% now. These restored forests can be divided into two classes:
protected forests and disturbed forests. Protected forests are situated mostly in the natural reserve, and damage
to vegetation is forbidden in these areas. Cutting of trees is also forbidden in the disturbed forests, and the main
disturbance in these forests is cattle and goat grazing.
A worldwide standard is to base forest management on the values related to biodiversity and sustainability of
ecosystems (Folke et al., 1996; Costanza et al., 2000). Small mammals have been proposed as indicators of sustainability in forests (Carey & Harrington, 2001; Pearce & Venier, 2005), because they constitute a considerable
resource for many mammalian and avian predators (Krebs & Myers, 1974; Hörnfeldt et al., 1990; Carey &
Johnson, 1995), and consume plants, lichens, fungi and invertebrates (Buckner, 1966; Ericson, 1977; Ure &
Master, 1982; Gebczynska, 1983; Hansson, 1988; Carey et al., 1999; Wells et al., 2009), which makes them
important in the energy flow of forest ecosystems. Some small mammals also play a significant role in the
seedling establishment and regeneration of forests by spreading seeds of trees (Vander Wall, 1995 & 1997;
Briggs, 2009).
Many studies have examined the small mammals in forests (Saitoh & Nakatsu, 1997, Mengak et al., 1989;
Sullivan et al., 2000) and investigated their biodiversity (Dueser & Shugart, 1979; Kelt, 2000; Plumpter, 2000;
Sullivan & Sullivan, 2001; Niedziałlkowska et al., 2010) and relationships with forest habitats (Dueser & Shugart, 1978; Yahner, 1986; Bowman et al., 2000; Carey & Harrington, 2001; Ecke et al., 2002; Mengak & Guynn,
2003; McCay & Komoroski, 2004; Men et al., 2006; Manning & Edge, 2008). Some of these studies suggested
grasses in the bottom layer of forests were important in providing food and shelter for small mammals (Bowman
et al., 2000; Niedziałlkowska et al., 2010). However, little is known regarding the effects of human disturbance
to the bottom layer on small mammals in the forest.
In this paper two types of restored forests, namely protected forests and disturbed forests, at four age classes
(6 - 10, 11 - 15, 16 - 20 and 31 - 40 years old) were comparatively studied in Yunnan Province，where about 60%
of the mammal species of China occur, although its area is only 4.1% of the total national area (Liu et al., 2003).
We investigated the structural variables in the bottom layer that may be altered by human disturbance. Community characteristics and populations of small mammals were also compared between the two forest types, with
particular attention to the correlation between the structure variables of forests and small mammals.

2. Methods
2.1. Study Sites
Studies were carried out in February to April in 2004 on the southern slopes (99˚58'E - 100˚27'E, 25˚25'N 25˚58'N) of Mt. Yunling, in the west of Yunnan Province of China. The height above sea level is 1950 - 2050 m.
Average annual temperature and precipitation were 15.1 degrees centigrade and 110 cm, respectively.
Protected forests were located in the Cangshan Mountain and Erhai Lake National Reserve. The vegetations
were not disturbed by human beings and in nature protection area. Disturbed forests were near the national reserve. These forests were all plantations primarily composed of Yunnan pine (Pinus yunnanensis) (92% of all
trees), and Armandi pine (Pinus amandi) (8% of all trees). The density of trees was about 40 - 60 plants per 100
m2.
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We studied small mammals in the disturbed forests at four different age classes (6 - 10, 11 - 15, 16 - 20, 31 40 years), and made a comparison with the protected forests in the same age classes. We used 3 replications of
each age class in the protected and disturbed forests, resulting in 24 study sites in all.

2.2. Estimation of Habitat Variables
At each trapping site, we quantified 6 structural variables within randomly determined 5 m × 5 m areas, with
three replications. 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 of shrubs are lower than 1.5 m, and few shrubs higher than 2 m were observed in these young forests. Grasses included the annual woody plants and herbaceous plants. It is reported that coarse woody debris
(CWD) is also an important habitat factor for small mammals in forests (Loeb, 1999; McCay, 2000; Butts &
McComb, 2000; Carey & Harrington, 2001). However, coarse woody debris was rare in these young forests, so
it was not considered in this paper.

2.3. Monitoring of Small Mammals
Small mammals were sampled in June and July of 2004. Cage-traps (10 cm × 12 cm × 18 cm) baited with apple
and oil-fried peanut were used to catch the mammals. At each site, we set 5 trap lines separated about 30 m from
each other. Within each trap line, 20 trap-cages were each set 5 m apart for a total of 100 trap-cages per site.
Trap-cages were examined and rebaited each morning for 3 consecutive days.

2.4. Data Analysis
The species richness and abundance of grasses and shrubs were defined as the number of species and the number of plants observed in each 5 m × 5 m area. Species richness and abundance of small mammals were defined
as the number of species and number of small mammals captured at each site. Dominance of small mammals in
each community was defined by relative abundance.
The Shannon-Weaver diversity index, H’ (Shannon & Weaver, 1949),

H ’ = − ∑ Pi LnPi
where Pi is the proportion of the ith species in the total sample, was calculated to measure the diversity of small
mammals. Comparison of data for abundance, species richness, diversity and habitat variables was analyzed using one-way analysis of variance (ANOVA). Stepwise linear regression was used to calculate the relationship
between the habitat variables and small mammals. Before regression, the value of habitat variables were standardized.

3. Results
3.1. Habitat Characteristics of the Forests Bottom Layer
In the youngest forests (6 - 10 years), although the mean cover rate of shrubs in the protected sites was 1.20
times the one of the disturbed sites, there were no significant differences between them (F = 1.500, df = 1.4, P =
0.288) (Figure 1). In the older forests, the percent cover of shrubs in the protected sites was significantly higher
than the disturbed sites at the same age (F = 36.300, df = 1.4, P = 0.004, 11 - 15 years; F = 248.909, df = 1.4, P <
0.001, 16 - 20 years; F = 230.630, df = 1.4, P < 0.001, 31 - 40 years). There was no significant difference in the
shrub species richness in the youngest forest (6 - 10 years) between the protect sites and disturbed sites (F =
4.000, df = 1.4, P = 0.116). At the other three age classes, the species richness of shrubs in the protected sites
was significantly higher than in the disturbed sites at the same age (F = 28.800, df = 1.4, P = 0.006, 11 - 15 years;
F = 132.250, df = 1.4, P < 0.001, 16 - 20 years; F = 8.450, df = 1.4, P = 0.044, 31 - 40 years). The abundance of
shrubs was significantly higher in the protected sites than the disturbed sites at the same age (F = 22.011, df =
1.4, P = 0.009, 6 - 10 years; F = 11.635, df = 1.4, P = 0.027, 11 - 15 years; F = 246.791, df = 1.4, P < 0.001, 16 20 years; F = 1003.227, df = 1.4, P < 0.001, 31 - 40 years).
Contrary to the shrubs, percent cover and abundance of grasses in the disturbed forests were all significantly
higher than those in the protected forests at the same age (Figure 1). The grass cover in the protected sites was
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Figure 1. Value of structural variables in the disturbed and protected forests belonging to four different age classes. Mean
value + SEM is given. White bar is protected forest; black bar is disturbed forest. (A)-(C) are the cover rate, species richness
and abundance of shrubs respectively; (D)-(F) are the percent cover, species richness and abundance of grasses, respectively.
The abundance of grasses is transformed by Ln(x), where x is abundance of grasses (plants per 25 m2).

17% in the youngest forests (6 - 10 year), and was much lower than the disturbed sites of the same age, which
was 71.67% (F = 114.044, df = 1.4, P < 0.001). The percent cover of grasses in the protected forests increased
with age, and peaked at 16 - 20 years old. At 68.3%, however this value was still significantly lower than the
cover rate of grasses in the disturbed forests at all age classes. In the youngest forests (6 - 10 year), species richness of grasses in the disturbed sites was higher than the protected sites (F = 12.071, df = 1.4, P = 0.025), while
in the older forests (11 - 40 year), it was significantly lower than the protected site (F = 48.400, df = 1.4, P =
0.002, 11 - 15 years; F = 12.100, df = 1.4, P = 0.025, 16 - 20 years; F = 23.143, df = 1.4, P = 0.009, 31 - 40
years).

3.2. Small Mammal Community in Relation to Habitat Variables in Bottom Layer
Abundance of small mammals in the protected forests and disturbed forests all increased with forest age, and the
latter was two times more than the former at the same age (F = 483.558, df = 1.4, P < 0.001, 6 - 10 years; F =
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124.538, df = 1.4, P < 0.001, 11 - 15 years; F = 159.998, df = 1.4, P < 0.001, 16 - 20 years; F = 212.457, df =
1.4, P < 0.001, 31 - 40 years ) (Figure 2). Regression indicated that abundance of small mammals was affected
by grasses in the bottom layer of forests, and increased with the percent cover of grasses, while density of small
mammals decreased with the species richness of grasses (Table 1). There were no significant differences between species richness of small mammals in the protected and disturbed forests of the same age (Figure 2). The
species richness was positively correlated to the species richness of shrubs (Table 1). Diversity index of the
small mammals community in the protected forests was significantly higher than the disturbed forests of the
same age (F = 171.806, df = 1.4, P < 0.001, 6 - 10 years; F = 29.213, df = 1.4, P = 0.006, 11 - 15 years; F =
103158, df = 1.4, P = 0.001, 16 - 20 years; F = 26.523, df = 1.4, P = 0.007, 31 - 40 years) (Figure 2). Diversity
index of small mammals increased with the species richness of shrubs, and decreased with the percent cover of
grasses in the bottom layer of forests (Table 1).

3.3. Densities of Small Mammals in Relation to Habitat Variables in Bottom Layer

Abundance of small mamma

Six species of small mammals, whose abundance constituted more than 3% of the total abundance of small
mammals trapped in the forests, were analyzed to describe the abundance of mammals in relation to forest
attributes (Table 1). A total of 276 Eothenomys miletus (Thomas), 90 Apodemus chevrieri (Milne-Edwards),
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Figure 2. Abundance, species richness, and diversity index of
small mammal communities in the protected forests and disturbed forests at the four age classes. Value + SEM is given.
The white bar is protected forest; the black bar is disturbed
forest.
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Table 1. Regression models to describe relationships between small mammal communities and habitat variables.
Communities parameters
and species

Regression equation

R

F-value

df

P

Species richness

Y = 5.667 + 0.549X1

0.456

5.782

1, 22

0.025

Diversity index

Y = 1.368 + 0.168X1 – 0.195X5

0.900

44.574

2, 21

<0.001

Abundance of total small
mammals

Y = 23.048 – 3.602X4 + 9.230X5

0.862

30.333

2, 21

<0.001

E. miletus

Y = 11.500 – 6.293X3 + 7.418X5

0.826

22.549

22, 21

<0.001

A. chevrieri

Y = 3.750 – 1.251X3 + 1.131X5

0.693

9.178

2, 21

0.001

M. pahari

Y = 14.792 – 1.624X3 + 1.843X5

0.649

7.650

2, 21

0.003

T. belangeri

Y = 1.250 + 1.459X1

0.800

39.089

1, 22

0.001

D. pernyi

Y = 1.792 + 1.999X3

0.914

112.285

1, 22

<0.001

C. erythraeus

Y = 0.833 + 1.843X2 – 0.670X4

0.828

22.983

2, 21

<0.001

Note: X1, X2 and X3 were species richness, cover rate and abundance of shrubs, respectively; X4 and X5 were species richness and percent grass cover,
respectively.

Table 2. Dominance of small mammals in the protected forests and disturbed forests.
Age classes (years)
Type of forests
Protected forests

Disturbed forests

Species
6 - 10

11 - 15

16 - 20

31 - 40

E. miletus

17.39

8.12

0.00

0.00

A. chevrieri

28.97

19.91

8.91

9.18

M. pahari

16.80

25.04

8.91

10.73

T. belangeri

8.47

12.22

35.97

27.14

D.pernyi

3.70

18.12

32.98

10.73

C. erythraeus

0.00

0.00

2.08

27.55

E. miletus

61.90

61.60

63.08

49.84

A. chevrieri

10.40

14.96

14.75

15.85

M. pahari

21.95

16.04

15.77

17.24

T. belangeri

0.00

0.78

0.66

4.01

D. pernyi

0.00

0.00

0.00

1.42

C. erythraeus

0.00

0.00

0.00

3.07

115 Mus pahari (Thomas), 30 Tupaia belangeri (Wagner), 43 Dremomys pernyi (Milne-Edwards), 20 Callosciurus erythraeus (Pallas) were captured in the study sites.
Small mammal species differed among the four age classes (6 - 10, 11 - 15, 16 - 20, 31 - 40 years) in the protected forests (Table 2). The two most dominant species were A. chevrieri and E. miletus in the youngest forest
(6 - 10 years), M. pahari and A. chevrieri in the 11 - 15 years old forests, T. belangeri and D. pernyi in the 16 20 years old forests, C. erythraeus and T. belangeri in the oldest forests (31 - 40 years). The degree of dominance of the most dominant species was always under 30% for each of the four age classes in the protected forests. In the disturbed forests, three small mammals were always the most dominant species at each of the four
age classes. In particular, E. miletus was always the most dominant species scoring more than 45%, with M. pahari and A. chevrieri being the second and third dominant species, respectively.
Regression indicated that the three most dominant species were positively influenced by the percent cover of
grasses, and negatively affected by the abundance of shrubs, respectively (Table 1). The shrubs in the bottom
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layer were important to the species T. belangeri, D. pernyi and C. erythraeus. The abundance of T. belangeri
was positively correlated with the species richness of shrubs, and the abundance of D. pernyi was positively affected by the abundance of shrubs. The abundance of C. erythraeus was positively influenced by the cover rate
of shrubs, while negatively correlated with the species richness of grasses in the bottom layer (Table 1).

4. Discussion
Our results indicated that the structure and composition of the vegetation community in the bottom layer were
simplified by the human disturbance. Compared with the protected forests, human disturbance significantly decreased species richness, cover rate (except the youngest forests) and abundance of shrubs, while it improved the
cover rate and abundance of grasses, and simplified the species of grasses. In our observations, except for the
youngest forests (6 - 10 years), the species richness of grasses in the protected forests was always significantly
higher than the disturbed forests.
Animal species diversity driven by habitat heterogeneity is one of the cornerstones of ecology (e.g. Simpson,
1949). Tews et al. (2004) reviewed 85 publications on the relationship between habitat heterogeneity/diversity
and animal species diversity for the period 1960-2003, and found most of these studies showed a positive correlation between habitat heterogeneity/diversity and animal species diversity. In our research, although no significant differences were observed in species richness of small mammals between the protected and disturbed forests at the same age, the diversity index of small mammals of the protected forests was always significantly
higher than the disturbed forests. It was proposed that ground vegetation and structural heterogeneity should provide shelter and food for small mammals in forests (Adler, 1985; Batzli & Lesieutre, 1995; Morris, 1997), and
animal diversity was positively correlated to the plant species in the habitat (Haddad et al., 2001). Our results also
indicated that the species richness and diversity of small mammals increased with the species richness of shrubs.
We also found that the total abundance of small mammals increased following the age of forests in the disturbed and protected forests, and the former was significantly higher than the later. The increased cover of
grasses in the bottom layer was beneficial to the abundance of small mammals.
The succession of small mammals in the forests was widely researched, and most studies indicated that both
species composition and abundance of small mammals changed with forest age (Kirkland, 1990; Ferreira & Van
Aarde, 1996; Ecke, 2002). Ferreira et al. (1996) found that the dominant species of small mammals was different
in young rehabilitating forests of different ages and they indicated that this difference was attributed to species-specific habitat preferences, movement between areas and possible interactions among colonizing species.
We found that there were obvious changes in small mammal communities with forest age in the protected forests. In the protected forests, the smaller body size and ground-dwelling small mammals (A. chevrieri, E. miletus and M. pahari) were the dominant species in the younger forests, the bigger body size and nonground-dwelling small mammals (T. belangeri, D. pernyi and C. erythraeus) became the dominant species as forests aged.
However, the smaller ground-dwelling mammals (T. belangeri, D. pernyi and C. erythraeus) were always the
dominant species at all ages in the disturbed forests. Adler (1985) suggested that habitat selection is an important determinant of structure in small mammal communities. Tews et al. (2004) also suggested different species
groups were closely linked to keystone structures that determined animal species diversity by their presence.
Models of species microhabitat associations can contribute to explicate differences in species succession and
abundance. Regression indicated that the percent cover of grasses in the bottom layer was beneficial to the three
smaller ground-dwelling mammals, while the abundance of shrubs was negative to these small mammals. Contrary to the ground-dwelling small mammals, the shrubs were beneficial to the three bigger body size and nonground-dwelling small mammals. We presume that the abundance of grass in the bottom layer might provide
more food and shelter to smaller body and ground-dwelling small mammals, while shrubs could support shelters
for bigger body size and nonground-dwelling small mammals.
Eothenomys and Apodemus often seriously damage young forests in China (Dong et al., 2003). Human disturbance in the bottom layer resulted in increased densities of A. chevrieri and E. miletus in the young restored
forests, but also decreased their food resources in winter and early spring. This may result in increased damage
to pine trees by the two rodents.
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