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Various disturbances and ecological successional processes shape the structure
of forests and affect biodiversity. We examined the forests over a 7400 km? area
in the Upper Min River watershed in Sichuan under different levels of human
disturbance. This mountainous watershed represents a transitional landscape
between the Qinghai-Tibet plateau and the Sichuan basin, with elevations rang-
ing from 900 m to 5700 m. The watershed is degraded due to deforestation and
soil degradation caused by natural and anthropogenic disturbances. According
to different levels of human impact, the sample sites were divided into four
classes: 1) near-natural forests, 2) selectively logged forests, 3) natural regenera-
tion forests (after clear-cut), and 4) plantations. At different elevations, following
quantitative characteristics were analysed: stand volume, basal area, weighted
diameter, weighted height, and 7 biodiversity indices of tree species. The results
showed that the structure of forest stands was characterized by a large number
of seedlings and saplings. The near-natural forest had a significantly higher stand
volume and basal area than the other managed stands. The four levels of human
impact resulted in different abundance, evenness and richness of tree species
along the altitudinal gradient. Explanatory variables, such as volume and weight-
ed diameter, significantly contributed to the models for discrimination of stands
under different human impacts. The result implies that near-natural forests, with
their large stand volumes and biodiversity, can be used as references when de-
veloping strategies for forest restoration.
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Introduction

A comparison of stand structure between near-
natural and managed forests can provide a refer-
ence for sustainable forest management and resto-
ration of degraded forests. Vertical and horizontal
forest structure characteristics that reveal the
changes caused by disturbances have been stud-
ied in different ecosystems, ranging from tropical
forests to boreal forests (Engelmark & Hytteborn
1999; Uuttera et al. 2000; Franklin et al. 2002;

Kuuluvainen 2002; Lilja & Kuuluvainen 2005).
According to different levels of human disturbanc-
es, forests are usually divided into different classes,
such as near-natural forests, selectively logged for-
ests, and managed forests (Lilja & Kuuluvainen
2005). Disturbances and structural development
of natural forest ecosystems have been studied to
meet the challenge of managing the forest stand
structure for maintaining the biological diversity
while sustaining the forest productivity (Franklin et
al. 2002). Structure elements used to describe spa-
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tial patterns are the vertical canopy distribution,
the horizontal structure distribution (forest texture,
forest mosaic and patch patterns), and gaps and
anti-gaps. Individual stand structure can be de-
scribed by such variables as species, density, com-
position, volumes of living trees and dead wood,
diameter, height, and tree species diversity (Frank-
lin et al. 2002).

The Upper Min River (UMR) watershed is lo-
cated in the upper Yangtze River basin with Sub-
tropical, Temperate, Subalpine, Boreal, and Arctic
zones. Anthropogenic impacts on forest stand
have not been studied before in this watershed.
Despite their limited accessibility, forests in this
watershed have been utilized for a very long time.
The utilization of natural forests began here al-
ready about 4000 years ago when the Qiang tribes
moved into the basin from the northwest of China.
However, most natural forests remained undis-
turbed by human activities until about 600 years
ago when they still covered 50% of the land area
(Wu 2000; Li et al. 2006). Since then, the forest
cover has decreased gradually as a result of con-
version to agricultural land, clear-cut harvesting
and selectively logging (EPIGPA 1990; Winkler
1996; Wu et al. 2003; Wang et al. 2004b). Reha-
bilitation activities used included aerial seeding,
limiting of access to mountain areas, and planting
of seedlings. The forest structure is largely influ-
enced by anthropogenic disturbances of clear-cut-
ting, selective logging, afforestation, and other ac-
tivities, during the last five decades.

Although there are increasing numbers of stud-
ies dealing with the structure of forests and biodi-
versity under different influences (Bradshaw &
Hannon 1992; Attiwill 1994; Kuuluvainen et al.
1996; White & Walker 1997; Boncina 2000; Wirth
et al. 2002), the emphasis has generally been put
on natural processes, such as endogenous and
natural exogenous disturbances in carefully select-
ed forests. Studies are thus needed to deepen the
knowledge of “naturalness”. Huston (1994) re-
garded the patterns of species richness as being
determined by the interaction of disturbance with
environmental gradients and competitive exclu-
sion. The spatial extent, intensity, frequency of hu-
man induced disturbance and its effect on species
are highly variable (Wohlgemuth et al. 2002).
Generally, species richness declines with increas-
ing elevation (Stevens 1992). This study was based
on a large number of sample sites in the UMR wa-
tershed that had a wide environmental gradient.
The forest classes of human impact were recorded
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in the field, according to given criteria (Boncina
2000; Franklin et al. 2002; Lilja & Kuuluvainen
2005) and to the effect of local land-use history
and forest management. The sample sites were
also classified into four altitudinal ranges accord-
ing to the recorded elevation and vegetation zones
(Editorial Board of Sichuan Vegetation 1980).

The aim of research was to study whether the
near-natural forest could be used as a reference
when decided the strategies and objectives of for-
est restoration. The specific aim was to compare
the volume, basal area, weighted diameter, weight-
ed height, and biodiversity indices and evenness
of the forests under different levels of human dis-
turbances along an altitudinal gradient in the UMR
watershed. In addition, an attempt was made to
quantify the human impact on forest stand, and to
test possible numerical indicators selected for de-
tecting the human impact.

Material and methods

Study area

The selected study area, with an area of 7432 km?,
is located in the UMR watershed, in the Upper
Yangtze River basin, between 31°-34° N, 103°-
104° E. The climate is characterized by the south-
east and southwest monsoons. This mountainous
watershed represents a transitional landscape be-
tween the Qinghai-Tibet plateau and the Sichuan
basin, with elevations ranging from 900 m to 5700
m. The most common species in our study area at
different elevations were: Pinus armandii and Ro-
binia pseudoacacia (an introduced species)
(1300-2200 m), Quercus dentata and Picea as-
perata (2200-2600 m), Picea asperata and Betula
pendula (2600-3200 m), Picea asperata, Betula
pendula and Abies fabri (3200-3600 m), Picea li-
kiangensis var. rubescens, Abies fabri and Picea
asperata (3600-5700 m) (Zhou et al. 2008). Ac-
cording to different levels of human impact, four
classes of forests can be observed in the UMR wa-
tershed: 1) near-natural forests (forests that are
characterized by lowest intervention and natural
forest regeneration, without signs of management,
cf. Fig. 1A); 2) selectively logged forests (with low
number of large trees, and with usually visible
stumps, Fig. 1B); 3) natural regeneration forests af-
ter clear-cut (forests that have been clear cut, leav-
ing no large trees, Fig. 1C); and 4) plantations
(planted trees in rows or arrays, Fig. 1D).
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Fig. 1. Examples of four different levels of human impact: near natural forest (A), selectively logged forest (B), natural regen-
eration forest (after clear-cut) (C), and plantation (D). (Photo Ping Zhou, 2004).

The area has been inhabited for thousands of
years by numerous ethnic groups, such as the Han,
Tibetans, and Qiang. The total population of the
area in 2000 was 385,300, giving a population
density of 16 people per square kilometre. The
main source of livelihood is agriculture (National
Bureau of Statistics of China 2002). During the pe-
riod of nomad immigration (A.D. 220-649), the
upper limit of the subalpine forest moved down-
ward and was replaced by the expanding sub-
alpine meadows (Fan & Zhao 2003). With an in-
creasing number of farmers, much forest has grad-
ually been converted to farmland. Modern com-
mercial logging started at the beginning of the 20th
century; the first logging company in the UMR ba-
sin was founded in 1921 (Winkler 1996). The for-
est cover fell rapidly from 30% in the 1950s to

around 15% in the 1970s. From the 1950s until
1998, the deforestation was severe due to com-
mercial clear-cut harvesting (EPIGPA 1990) and
the “Big Leap Forward” campaign in which mas-
sive areas of natural forests were logged for steel
making (Wang et al. 2004b). However, the forest
cover increased a little, to 18.8%, in the 1980s
and to 21% by 2004, due to the national-scale re-
forestation and afforestation efforts in China that in
many areas restored the forests from the 1970s up
to the early 2000s (Wang et al. 2004b; Kauppi et
al. 2006). In addition, other national programs
have contributed to improving the state of the for-
ests in the UMR watershed. These programs in-
cluded the conservation of forests in the upper and
middle reaches of the Yangtze River in 1989, a
natural forest logging ban in 1998, and the “Grain
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for Green” program since 2000 which has con-
verted farmlands either to forest or to grassland.
Today, practically no natural forest untouched by
human activity exists.

Field work

A field inventory was done by stratified sampling
with the aid of GPS to fix the field sample plots in
2004. The inventory plots were randomly located
in the middle and upper reaches of the UMR wa-
tershed (Fig. 2). A clustered systematic eight-plot
sampling method made it possible to measure at
least eight plots in one cluster per day within cer-
tain walking distance (Tokola & Shrestha 1999).
Each plot consisted of a maximum of five concen-
tric rectangular subplots that were adjusted in size
for each community. Zhou et al. (2008) have sepa-
rately described the stratified subplots. The sub-
plot sizes were:
— 2 m x 2 m for seedlings with height (H) <
1.3 m
— 5 m x5 m for saplings with H > 1.3 m, DBH
<10cm
— 10 m x 10 m for trees with 10 cm < DBH <
20 cm
— 20 m x 20 m for trees with 20 cm < DBH <
40 cm
— 30 m x 30 m for trees with DBH > 40 cm.
Within each plot, recordings were made on GPS
coordinates, forest classes of human impact, tree
species, diameters at breast height, sample tree
heights, tree quality (healthy, damaged, dead), el-
evation and slope. Sample tree heights were meas-
ured with a clinometer. The missing tree heights
were estimated using a height curve. The height
curve was computed using a two-parameter re-
gression model for each species by plot separately.
Tree volumes were computed for each tree species
using volume functions (Zhang 2003; Wang et al.
2004a).

Table 1. Information on sampled plots.
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Altogether, 271 of the total of 625 randomly
placed plots had tree cover. Of the 271 sample
plots, 59 located in the range of 1300-2200 m, 87
in 2200-2600 m, 61 in 2600-3200 m, and 64 in
3200-3600 m (Table 1). The vegetation spectrum
extended from subtropical evergreen broadleaved
forests to boreal forests. The sampled plots have
slopes between 0 to 75 degrees. Table 1 also shows
plots information on slope, canopy closure and
maximum tree height at four different altitudinal
gradients.

Data analysis

The forest stand was characterized by computing
the volume including living stem volume and
standing dead wood, basal area, weighted diame-
ter and height (weighted by stratum area), and the
tree species diversity indices (Tmi LTV Forest
2004). Volume, basal area, weighted diameter and
height were calculated for each plot. The species
diversity indices was described using the Shan-
non, Simpson, Mclntosh and Berger-Parker’s indi-
ces, and Evenness, Alpha, and Q-stat criteria (Peet
1974; Kempton & Taylor 1976; Magurran 1988).
The Shannon index takes into account the even-
ness of the abundance of species, while Simpson’s
index is less sensitive to the species richness but
more sensitive to the most abundant species. The
Mclntosh’s index is a dominance measure, as is
the Berger-Parker’s index. Evenness measures the
similarity of the abundances of different species.
Q-stat is an index based on the slope of a cumula-
tive species curve in the mid-range of abundance.
Stand characteristics and biodiversity indices were
compared under different levels of human impact
along four altitudinal gradients using analysis of
variance (ANOVA), and Tamhane’s T2 was used
for testing differences in means (Norusis 2005).
To test the possible numerical indicators to dis-
tinguish the forest classes affected by human dis-

Altitude (m) No. of plots Mean slope (degree) Mean canopy closure (%)  Maximum tree height (m)
1300-2200 59 25 31 34
2200-2600 87 33 41 26
2600-3200 61 31 32 32
3200-3600 64 26 39 42
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Fig. 2. Location of the research area in the Upper Yangtze River Basin, China and the sample plots.

turbances, Linear Discriminant Analysis (LDA) was
performed to calculate the coefficient of the linear
combination of variables in different human im-
pact classes. For LDA classification, the pooled

within-class covariance matrix and predictor vari-
ables from samples were used to build classifica-
tion equations or discriminant functions for each
class (Duda & Hart 1973; Tabachnick & Fidell



22 Ping Zhou, Olavi Luukkanen, Timo Tokola and Minna Hares

1989). The classification functions were created to
classify cases into groups. A case is predicted as
being a member of the group in which the value of
its linear classification function is largest:

Y = f (Volume, basal area, weighted diameter,
weighted height, Shannon index, Mclntosh,
Simpson, Berger-Parker, Evenness, Alpha, Q-
stat).

The analysis was performed using SPSS 13 for
windows statistical software. All of these eleven
variables were selected as independents. Prior
probabilities were computed from group sizes.
Wilks’s Lambda, which is a parameter for stepwise
discriminant analysis, was used to choose varia-
bles for entry into the classification function. Only
the variable that significantly minimized the over-
all Wilks’s Lambda was entered to the model at
each step. In addition, the statistical and classifica-
tion results were generated for both selected and
unselected cases with a random Bernoulli selec-
tion. With cross-validation, each case in the analy-
sis was classified by the functions derived from all
other cases.

Results

Frequencies of stand variables

The frequency distributions of stand volume, basal
area, weighted diameter and weighted height
showed a monotonic decrease pattern with an in-
creasing value of the variable (Fig. 3). The stand-
ardized skewness and standardized kurtosis, with
values far outside the range of -2 to +2, indicated
that the stand variables significantly differed from
normal distribution. Plots with a stand volume of
less than 100 m* ha' dominated, counting for
84.1% of the total plots. This indicated that the
most of the present forests had low biomass pro-
ductivity. The plots with a basal area less than 20
m? ha' accounted for 87.1%, which indicated that
gaps existed in the stands and the density of large
trees in them was low. In addition, 61.3% of the
plots had a weighted diameter less than 20 cm,
and 67.5% of the plots had a weighted height less
than 10 m. It implied that the present structure was
characterized by a relatively large number of seed-
lings and saplings.
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Stand variables as affected by human impact
along altitudinal gradient

The mean of stand variables for each of the four
levels of human impact were significantly different
(p < 0.01). When near-natural forests was com-
pared to plantations, natural regeneration forests,
and selectively logged forests, more variation and
significantly higher value showed in the volume
and basal area of the former than those of the latter
(Fig. 4). The near-natural forests had a mean stand
volume of 203.5 m* ha', and an average volume
of standing dead trees (snags) of 37.8 m® ha™'. Se-
lectively logged forests reached a stand volume of
50.3 m* ha' (snags 1.5 m* ha"), regeneration for-
ests after clear-cut 30.9 m* ha' (snags 0.4 m* ha™),
and plantations 49.2 m* ha' (snags 2.4 m* ha").
The mean stand volume in near-natural forests was
significantly larger than that in the other types of
forests (p < 0.05). No significant differences in this
volume could be found between selectively logged
forests, plantations and natural regeneration for-
ests after clear-cutting. The average basal area was
significantly larger in near-natural forest than in
the other forest classes (p < 0.05). No significant
difference was found between near-natural forest
and selectively logged forest in weighted diameter
or weighted height.

Stand variables also varied significantly along
four altitudinal gradients. The mean volume in RF
showed an increasing trend with altitudinal gradi-
ent, for example 2.66 m* ha' (1300-2200 m),
22.08 m* ha' (2200-2600 m), 36.59 m* ha’
(2600-3200 m), and 41.51 m* ha' (3200-3600 m)
respectively at each altitudinal range. The volume
in SF showed a similar trend. In contrast to it, the
mean volume in PF decreased with the gradient,
for instance 64.57 m® ha' at lower elevation, and
24.14 m* ha' and 6.06 m* ha™ at higher elevation.
Near natural forests with highest volume and basal
area only remained in the remote areas of higher
elevations (> 2600 m). The basal area, weighted
diameter and weighted height also exhibited the
similar pattern with volume along altitudinal gra-
dient.

Species diversity indices and evenness

Species diversity, which considers two aspects,
richness and evenness, is commonly used as a
measure for forest structure. Shannon’s index,
Simpson’s index, Alpha, Q-stat, Berger-Parker’s in-
dex, Mclntosh’s index and Evenness showed sig-
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Fig. 3. Frequency distributions for volume, basal area, weighted diameter and weighted height. Columns in each graph
show the number of data values in each interval. The normal curve is also displayed in each chart.

nificant differences among the four human impact
classes of forests especially when studied at differ-
ent elevations (Table 2). This result also suggests
that the four levels of human impact resulted in
different abundance, degree of evenness and rich-
ness of tree species. Below 2200 m, SF showed a
significantly lower evenness and richness of tree
species than RF indicated by the Shannon index,
evenness, and Alpha. Between 2200 m and 2600
m, a similar result showed by the Shannon index,
evenness, and Q-stat. NF showed a higher species
dominance than the other managed forests indi-
cated by the Mcintosh index at elevations higher
than 2600 m. At the highest elevation (3200-3600
m), only Mclntosh’s index was significantly higher
for the near-natural forests than that for the other

classes (p < 0.001), while the other indices showed
little variation. This indicated that different degrees
of human impact did not have much effect on the
species biodiversity, except for the number of big
trees at elevations higher than 3200 m. The latter
result was influenced by the fact that Mclntosh'’s
index was sensitive to sample size and the plot
size in stratified sampling.

Biodiversity showed different patterns along the
altitudinal gradient. With the increasing elevation,
the tree species dominance tended to increase
both in the near-natural forests and in the naturally
regenerated forests. In contrast, with increasing el-
evation, the species richness tended to decrease in
the near-natural forests (Table 2). This is probably
due to the combined effect of human impact and
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Table 2. Biodiversity indices for trees in four classes of forest as determined by human impact. (Mean = SE).

Elevation Indices NF SF PF RF Sig.t

(n=24) (n=111) (n=56) (n=80)

1300-2200 m Shannon - 0.12 £ 0.06 0.36 = 0.06 0.74 +£0.13 0.001
Mclntosh - 5.34 +0.84 82+13 39+£09 0.212
Simpson - 0.93 + 0.04 0.78 + 0.04 0.57 £ 0.07 0.004
Evenness - 0.15 +0.08 0.43 +0.07 0.64 = 0.10 0.011
Berger-Parker - 0.96 + 0.02 0.83 +0.03 0.65 = 0.07 0.004
Alpha - 0.80 +0.17 0.90 +0.10 2.72 +0.88 0.001
Q-stat - 0.46 +0.29 1.01 +0.21 1.69 + 0.31 0.129

2200-2600 m Shannon - 0.37 £ 0.05 0.52 +0.10 0.73 £0.15 0.021
Mclntosh - 3.88 £ 0.50 4.7 £0.8 4.6 +04 0.865
Simpson - 0.75 +0.03 0.67 = 0.06 0.58 = 0.08 0.118
Evenness - 0.39 £ 0.05 0.62 = 0.11 0.67 £0.10 0.046
Berger-Parker — 0.80 = 0.03 0.73 £0.06 0.64 = 0.08 0.132
Alpha - 1.67 £0.24 1.58 £ 0.25 1.85 + 0.44 0.980
Q-stat - 0.83 +0.14 0.97 +£0.24 2.01 +£0.63 0.017

2600-3200 m Shannon 0.22 +0.14 0.70+0.10 - 0.34 = 0.07 0.001
Mclntosh 229+3.8 53+09 3.20+0.73 5.8+0.9 0.001
Simpson 0.86 + 0.09 0.59 + 0.06 - 0.79 = 0.04 0.002
Evenness 0.25+0.18 0.65 +0.08 - 0.36 = 0.07 0.002
Berger-Parker 0.9 £0.07 0.67 +0.05 - 0.84 + 0.04 0.002
Alpha 0.46 +£0.29 1.89 +0.26 0.63 +£0.10 1.07 £0.15 0.001
Q-stat 1.04 £ 0.91 1.40+0.23 - 1.32+0.34 0.340

3200-3600 m Shannon 0.39+0.14 0.26 = 0.07 - 0.18 £ 0.07 0.293
Mclntosh 13.5+2.0 5.8+0.8 - 51+1.0 0.001
Simpson 0.78 £0.76 0.85 + 0.04 - 0.89 = 0.04 0.438
Evenness 0.36 £ 0.11 0.27 +0.07 - 0.18 £ 0.07 0.390
Berger-Parker 0.85 + 0.05 0.89 +0.32 - 0.91 +0.37 0.712
Alpha 0.77 +0.24 1.01 +£0.22 - 0.96 +0.24 0.823
Q-stat 1.72 £0.59 0.95 +0.36 - 0.38 +0.16 0.059

Tt test.

environmental gradients. The severity of human
disturbance showed to be higher at lower eleva-
tions, because no near-natural forests were ob-
served in areas below 2600 m, while plantations
were mainly found at elevations below 2600 m.

Estimation of human impact using linear
discriminant analysis

The constructed discriminant function contained
estimates of the coefficients and a constant for
each forest impact class (Table 3). A case was pre-
dicted as being a member of the class in which the

value of its function was the highest. When a step-
wise inclusion of independent variables was ap-
plied, all diversity indices were found insignificant.
As far as the four levels of human impact were
considered, the volume and weighted diameter
variables significantly minimized Wilks’s Lambda
(p < 0.001) and thus constructed the function.
However, only 47.8% of the selected original
grouped cases, 46.5% of the unselected original
grouped cases, and 47.4% of the selected cross-
validated grouped cases were correctly classified.
After reclassifying the selectively logged forests
and natural regeneration stands as one class, and
thus taking only three classes into consideration,
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the volume alone could be significantly entered to
construct the function (p < 0.01). It now showed
that 71.1% of the selected original grouped cases,
76.7% of the unselected original grouped cases,
and 71.1% the selected cross-validated grouped
cases were correctly classified. Finally, when we
only took two classes — the near-natural forests and
the other forests as one combined class — into con-
sideration, the volume could be significantly en-
tered to construct the discriminant function (p <
0.001). A classification test now showed that
90.4% of the selected original grouped cases,
95.3% of the unselected original grouped cases,
and 90.4% of the selected cross-validated grouped
cases were correctly classified.

Discussion

The pattern of stand variables

Most of the forests were subjected to heavy human
impact. Near natural forests with least human dis-
turbances were only remaining on the remote ar-
eas above 2600 m. Stand variables such as vol-
ume, basal area, weighted diameter and weighted
height increased with altitudinal gradient in selec-
tively logged forests and naturally regenerated for-
ests after clear-cut, while those variables in planta-
tions decreased along altitudinal gradient. This
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was probably due to the heavier human distur-
bances at lower elevation.

The frequency distribution of stand volume con-
firmed that most of the forests had a low volume.
The average stand volume in selectively logged
forests was only 50.3 m* ha', which was much
smaller than the 232 m* ha” found in selectively
logged forest in Kuhmo, Finland, used as compari-
son (Lilja & Kuuluvainen 2005). This was ex-
plained by the fact that forests in the UMR water-
shed were heavily logged and silviculture meas-
ures such as seedlings planting or forest tending
were lacking (EPIGPA 1990). In comparison, the
average stem volume in living trees of the near-
natural forests in the study area was 203.5 m*® ha”,
which was at the same level as that in the middle
boreal vegetation zone of NW Europe. For exam-
ple, Uotila et al. (2001) found 198-223 m?* ha™' of
stem volume in living trees in semi-natural stands
in eastern Fennoscandia. Lilja and Kuuluvainen
(2005) also found a volume of 210 m* ha' in living
trees in near-natural boreal forests in Kuhmo, Fin-
land.

Meanwhile, near-natural forests in the study
area showed a significantly higher volume of snags
than the other types of managed forests. The dead
wood succession and a continuum of volumes and
decay stages are probably among the most essen-
tial characteristics of near-natural forests (Lilja et
al. 2006). A lack of dead wood in managed forests

Table 3. Linear discriminate functions for classification of stands with different human impact.

Human impact  Classification functions

Proportion of correct

classes classification (%)

Sd Ub V(.
1. NF Y, =0.019 x Volume + 0.68 x Weighted Diameter — 5.326 47.8 46.5 47.4
2.SF Y, =-0.002 x Volume + 0.117 x Weighted Diameter — 2.338
3. PF Y, =0.001 x Volume + 0.071 x Weighted Diameter — 2.000
4.RF Y, =-0.001 x Volume + 0.071 x Weighted Diameter — 1.875
a. NF Y, =0.024 x Volume — 4.824 71.1 76.7 71.1
b. SF+RF Y, = 0.006 x Volume - 0.591
c. PF Y_=0.006 x Volume — 1.562
B. NF Yﬂ =0.024 x Volume - 4.873 90.4 95.3 90.4
8. SF+RF+PF Y; = 0.006 x Volume — 0.271

2Selected original cases correctly classified.
b Unselected original cases correctly classified.
<Selected cross-validated cases correctly classified.
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is often a major problem for maintaining biodiver-
sity (Siitonen 2001). Our results suggested that the
near-natural forest in the UMR watershed has
greater volumes of both living trees and dead
wood than the other classes of managed forests.
The near-natural forest could thus be used as a
benchmark for forest restoration and management,
especially in a case like UMR watershed where
forests undisturbed by man are absent. Specific
restoration and management action could create
similar near-natural structures by planting suitable
successional tree species and killing some living
trees to create snags. Reforested plantation stands
in the present case had a higher volume than the
natural regeneration stands after clear-cutting,
which demonstrated that plantations can acceler-
ate stand biomass accumulation. Furthermore,
planting diverse species can accelerate the resto-
ration of biodiversity and increase ecosystem sta-
bility (Ren et al. 2007).

The pattern in weighted diameter distribution
showed that around half of the forests in the UMR
watershed had an abundant occurrence of small
trees. This was due to measures of reforestation
and conservation that had been carried out recent-
ly (Ye et al. 2003; Wang et al. 2004b). Constantly
with the growth of trees and stand development
the forest structure changes from one dominated
by young trees to another dominated by mature
trees. As a result, the stocking volume will have a
tendency to increase. This pattern has already
been documented in natural or near-natural pine-
dominated stands in NW Europe (Rouvinen & Ku-
uluvainen 2005) and in primary tropical forests
(UNESCO/UNEP/FAO 1978). In the UMR water-
shed, natural regeneration and tree planting could
be solutions to achieve an efficient restoration. To
achieve a better and sustainable situation, meth-
ods combining social, economic and ecological
aspects must also be considered and utilised.

The pattern of biodiversity indices

At certain soil and climatic conditions, species di-
versity are usually affected by the biological events
such as gap dynamics, natural hazards such as
landslides, fire, and human induced disturbances
such as clear cutting or selective cutting (Wohlge-
muth et al. 2002). As far as anthropogenic distur-
bance at different elevation range was analyzed,
four levels of human impact resulted in different
patterns of species diversity along an altitudinal
gradient. Many of the features generally related to
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disturbance can be addressed as dominance, even-
ness and richness change. In the present study, the
dominance of tree species in the near-natural for-
ests, calculated as Mclntosh’s index, was signifi-
cantly higher than that in the other classes of for-
ests. Wohlgemuth et al. (2002) also concluded that
“the dominance of a few species may be high with
low disturbance rates”. We found that the forests
naturally regenerated after clear cutting showed a
higher species richness below 2600 m. The reason
for such a situation is probably a recruitment of
seedlings in large gaps after clear-cut. In addition
to the human impact, the altitudinal factor also
showed a strong effect on tree species richness
and dominance. The tree species richness exhib-
ited a declining trend with an increasing altitude
in the near-natural forests. This is in agreement
with results obtained from many studies (reviewed
by Stevens 1992; Ren et al. 2006). In the present
study, the human impact had little effect on tree
species diversity indices at high elevations, as in-
dicated by the fact that most diversity indices
showed no significant difference above 3200 m
elevation. The result indicated that the forest tend-
ed to be more resilient at higher elevations. It also
implied that the severity of disturbances was high-
er at lower elevations.

Indicators of stand classification

Results of the discriminant analysis confirmed that
the human impact can be estimated by variables
describing forest structure. However, it is difficult
to distinguish all stand conditions under different
degrees of human impact by discriminant func-
tions alone, because the different classes of forests,
such as the selectively logged, naturally regener-
ated or planted forests, also have similarities in
structure and species diversity indices. Neverthe-
less, the stand volume can be used as an indicator
for classifying a stand as near-natural forest, plan-
tation, or other types of managed forest in this
study. In the UMR watershed, the stand volume
could alone be used to distinguish whether a stand
belongs to near-natural forests or managed forests.
Our study on classification of forests by stand
structure indicated that the near-natural forest was
clearly distinguishable by its volume in the UMR
watershed. It implied that earlier silvicultural sys-
tems have commonly lacked the aim of maintain-
ing the natural stand dynamics and structure of
forests (Wu 2000; Wu et al. 2003). For compari-
son, in Fennoscandia the use of natural undis-
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turbed forest as a benchmark for biodiversity resto-
ration and management has been widely accepted
(Kuuluvainen 2002).

Conclusions

This study explored the properties of near-natural
forests, selectively logged forests, forests naturally
regenerated after clear-cut, and plantations in the
UMR watershed in Sichuan, China. The 271 stud-
ied sites represented a comprehensive environ-
mental gradient. Their comparison offered a po-
tential to illustrate the effects of human impact on
forest stand and species diversity indices along al-
titudinal gradient. Near natural forests with little
human intervention had high volume consisting of
living trees and dead wood, and a high density of
large trees. Traditional forest management affected
negatively the stand production. Reforestation by
tree plantations can accelerate the build-up of the
stand volume. Of all the indicators used to de-
scribe the stand structure or biodiversity, volume
gave the best distinction between near-natural for-
ests and the other types of managed forests. How-
ever, the forest stand is not static. The present stand
is shaped by exogenous factors (natural and hu-
man disturbances), as well as by endogenous
processes in the forest stand. With the growth of
trees and stand development, the stocking volume
in the UMR watershed will have a tendency to in-
crease.

Current forest land in the study area is still
owned by state and collectives. After realizing the
previous forest harvesting usually resulting in de-
forestation and a negative effect on environment,
the forests are protected from any kind of manage-
ment. The recent afforestation activities are mainly
programme oriented through attracting various in-
put: capital from government, land from degraded
bare land or farmland on steep slopes, and labour
from the local village. If we attempt to improve
and restore the natural stand dynamics of forest
ecosystems degraded by human activities, con-
certed efforts should be taken to enhance the
speed and efficiency of regeneration and growth
in disturbed natural forests. Special care should be
given to the degraded forests at lower elevations.
Natural regeneration and tree planting should be
combined in an efficient way to achieve a better
restoration.
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