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Abstract Woody debris (WD), including coarse woody
debris (CWD) and fine woody debris (FWD), is an
essential structural and functional component of many
ecosystems, particularly in montane forests. CWD is
considered to be the major part in forest WD and it is
primarily composed of logs, snags, stumps and large
branches, while FWD mainly consists of small twigs.
Attributes of dead woody material may change in
accordance with trends in stand dynamics. The primary
forest (primary montane moist evergreen broad-leaved
forest) in Ailao Mountain National Nature Reserve
(NNR) preserves the largest tract of natural vegetation
in China. The Alnus nepalensis (D. Don) association,
Populus bonatii (Levl.) association and secondary
Lithocarpus association represent the secondary and
chronological types following human disturbance by
fires and logging under different intensity. The mass and
composition of coarse woody debris (CWD, ‡10 cm in
diameter) and fine woody debris (FWD, 2.5–10 cm in
diameter) were inventoried in a primary forest and its
three secondary counterparts. Estimates of total mass of

woody debris across secondary types to primary forest
ranged from 2.4 to 74.9 Mg ha�1. The lowest value was
found in the A. nepalensis association and the highest
values were in the primary forest of which logs are the
considerable differences. The ratios of CWD to FWD
were low in the secondary types (about 1–4) but high in
the primary forest (above 15). Our results suggested that
for the recovery of woody debris in the secondary forest,
it might last longer than the age of the oldest succes-
sional stage studied.
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Introduction

Stand development, the process of competition, senes-
cence and mortality of trees in the forest canopy generate
substantial woody debris that tend to accumulate in
advancing stages of forest succession (Harmon et al.
1986). These residues, namely woody debris (WD),
including coarse woody debris (CWD) and fine woody
debris (FWD), can be an essential structural and func-
tional component of many ecosystems, particularly in
montane forests. CWD is considered to be the major part
in forest WD and it is primarily composed of logs, snags,
stumps and large branches (Harmon and Sexton 1996;
Woodall and Nagel 2006; Yan et al. 2006), while FWD is
mainly consisted of small twigs and is much less func-
tional compared to CWD. For instance, in temperate
forests of the Pacific west coast of North America, fallen
logs and snags reach biomass values exceeds 150 Mg
ha�1 (Harmon et al. 1986; Spies et al. 1988). The major
types of woody residues and their relative contributions
to total ecosystem mass vary greatly in the different
landscapes, depending on forest types, disturbance re-
gimes, topography, and stand age (Sturtevant et al. 1997;
Goodburn and Lorimer 1998; Carmona et al. 2002;
Webster and Jenkins 2005). Furthermore, CWD play
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critical roles in maintaining biodiversity and facilitating
biogeochemical processes as they provide habitats for
many organisms and store carbon and other nutritional
elements for a long time in the forest ecosystems (Means
et al. 1992; Griffiths et al. 1993; Crowford et al. 1997).

In the stand scale, it is some believed that CWD
biomass is consistency in the temperate forests in a
chronosequence of ‘U’-shaped that the amounts of
CWD may be high in early successional stage, low in
mature forests and considerably greater in old-growth
forests (Spies et al. 1988; Sturtevant et al. 1997). This is
because the first successional stands inherited the large
amount of woody residues of the pre-disturbance stands.
However, in some secondary successional stands, as
most of the large-sized woody residues from the pre-
disturbance were extracted for building materials or fuel
wood, the accumulation of the WD was only resulted
from the regenerating stands, lacking of large woody
pieces (Carmona et al. 2002; Christensen et al. 2005).
The WD biomass and its patterns will change accord-
ingly with the development and succession of stands,
which in turn will not only reflect the state and direc-
tions of the stands succession but also the kind of forest
use (Eaton and Lawrence 2006).

Primary montane evergreen broad-leaved forest,
dominated by Lithocarpus xylocarpus (Kurz.) Markgr,
Lithocarpus hancei (Benth.) Rehder and Castanopsis
rufescens (Hook. f. et Th.) Huang et Y. T. Chang, is still
well preserved in Ailao Mountain National Nature Re-
serve (NNR), which is stated of the largest tract of
natural vegetation in China (Qiu et al. 1998; Liu et al.
2000). Due to its species composition and the environ-
mental characters such as abundant rainfall, high
humidity and high altitude, this forest belongs to the
typical mountains types of the subtropical region, cen-
tral and south Yunnan, and it is better to be called a
‘‘temperate rain forest’’ (Jin 1983). The secondary Alnus
nepalensis association, Populus bonatii association are
two different stages of succession in a selectively logged
but not entirely destroyed forest and the secondary
Lithocarpus association represent the advanced natural
succession after clear cutting following human distur-
bance by fires and logging (Wang 1983; Qiu et al. 1998).
The well-preserved primary forest and the secondary
types made this region an ideal site to examine the
accumulation of woody debris from the regenerating
stands to primary forest (Liu et al. 2002). Despite their
ecological relevance in terms of biomass and ecosystem
functions, particularly in high-altitude montane forests,
there is a lack of quantitative information on the
abundance and biomass of WD from the secondary
forests to the primary forest in Ailao Mountains.

The goal of this research is to estimate the attributes
of woody detritus among four forest types in the sub-
tropical Ailao Mountains, located in southwest China.
The objectives of this study are (1) to determine which
woody debris type affect stocks of woody debris from
different secondary stands to the primary stand, (2) to
determine what percent of total mass of woody debris is

in the form of CWD and how it changes during stand
development, (3) analysis and discussion the indication
of WD components for forest succession. This study will
provide useful information on the management and
conservational practices of primary forests and shed
lights on restoration of secondary forests.

Methods and materials

Study site and vegetation descriptions

The study was carried out in the Ailaoshan Station for
Subtropical Forest Ecosystem Studies (ASSFE) at Xuji-
aba region (24�32¢N, 101�01¢E), a core area of the Ailao
Mountain NNR (Fig. 1). The altitude range is about
2,000–2,650 m. Meteorological observations at the
ASSFE during 1982–1992 years show the annual mean
precipitation is 1,931 mm, and its seasonal distribution is
not even, with 85% falling in the rainy season from May
to October. Mean annual evaporation is 1,485.5 mm and
the annual mean relative humidity is 86%. Annual mean
air temperature is 11.3�C and the coldest month tem-
perature is 5.4�C in January and the hottest month tem-
perature is 16.4�C in July. The frost-free period is about
200 days. The mean active accumulative temperature
above 10�C is about 3,420�C, making this area similar to
the warm temperate zone. Natural disturbances most
commonly affecting forests in the Ailao Mountains are
strong winds and the occasional cold spells that may be
accompanied by snowfall. The soil under the evergreen
broad-leaved forest is typically yellow–brown earth
developed over schist, gneiss, and diorite. Soil texture is
loam, with acidic pH (4.2–4.9) (Qiu et al. 1998).

Xujiaba consists of six forest communities (You
1983). The Lithocarpus association is mapped as being a
homogeneous old growth forest, but close observations
reveal many secondary patches within this forest type
(Young et al. 1992). The three secondary types and the
primary forest sampled for woody debris study were as
follows:

A. nepalensis association

The A. nepalensis association was resulted from the
repeating cutting, fires, and grazing in the middle of last
century. The canopy of A. nepalensis association is
dominated by a single pioneer tree species—A. nepal-
ensis, so it can be described as the first stage of the
secondary succession to the evergreen broad-leaved
forest in this area (Wang 1983; Qiu et al. 1998).

P. bonatii association

The P. bonatii association also resulted from the
repeating cutting, fires, and grazing in the middle of last
century. The dominant tree species in the P. bonatii
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association is a pioneer a P. bonatii, and the associated
tree species are L. xylocarpus, L. hancei. They are the
main symbols and indication of restoring and succes-
sional trend to the evergreen broad-leaved forest, of
which the dominance of P. bonatii will be replaced by
some evergreen broad-leaved trees species. It is believed
that this secondary forest would develop into evergreen
broad-leaved forest in 30–40 years in the future (Sheng
and Xie 1991; Qiu et al. 1998).

Secondary Lithocarpus association

Many regenerated trees in the secondary Lithocarpus
association indicated that it was probably cut for timber
and/or grazing but not for cultivation. When the reser-
voir was initially constructed about 100 years ago, some
surrounding forested area was cut and this area is now
regenerating into a secondary evergreen broad-leaved
forest with the most same dominant species with pri-
mary forest (Young et al. 1992). According to the stand
age and growth rate of major species in Lithocarpus
association, it can represent the advanced natural suc-
cession after cutting (Young et al. 1992; Qiu et al. 1998).

Primary forest

The primary moist evergreen broad-leaved forest in
Xujiaba area has two tree layers and subordinate shrub

layers, as well as abundant epiphytes. The upper canopy
of the forest is 18–25 m high and contains a number of
tree species including L. xylocarpus, L. hancei, C. ru-
fescens, Stewartia pteropetiolata Cheng (You 1983; Liu
et al. 2002). Based on the facts such as the presence of
large, old trees, and the lack of widespread human dis-
turbance prior to the establishment of the Ailao
Mountain NNR, this stand shows the status of being
over-mature or old-growth forest, so it is also called old-
growth forest.

Measurement of mass and composition of woody debris

Based on the pre-study qualitative assessments of
vegetation types and woody debris properties, three
plots of 100 · 100 m in primary forest, and four plots
of 50 · 50 m in each of the secondary forests, were set
up for CWD survey. In each plot, 10 · 10 m subplots
were established for FWD investigation (48 subplots in
total in the primary forest and 16 for each secondary
type).

In each plot, all pieces of woody residues with a large-
end diameter ‡10 cm were considered as CWD in the
sampling (Harmon and Sexton 1996; Webster and Jen-
kins 2005). (1) The length, small- and large-end diameter
of all pieces of logs, stumps, and large branches were
measured and recorded. Species and decay classes were
identified in the field. To estimate the volume of woody

Fig. 1 Location of the study
area
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residues, a cylindrical shape was assumed for each piece.
Mass was obtained by multiplying the volume of each
piece times the wood density for the respective species
and decay classes. (2) Tree species, basal diameter,
diameter at breast height (DBH) and decay stages were
recorded for all the standing dead trees (snags) with a
basal diameter ‡10 cm on each plot. Mass of the dom-
inant species was estimated using allometric equation,
W = a (D2H) where W is the mass of a species; a and b
are constants; D is the trunk diameter at breast height
(cm) and h corresponds to tree height (m) (Liu et al.
2002). To verify the exact mass of snags, each decaying
piece was multiplied by the decay class’s density ratio.
(3) FWD was defined all woody debris fragments with a
diameter of 2.5–10 cm and a length greater than 10 cm.
Stocks of FWD were measured in 48 10 · 10 m qua-
drates for primary forest and 16 10 · 10 m ones for each
secondary forest. All FWD pieces within these quadrates
were collected and weighed and 1–4 fragments of FWD
at each site were randomly sampled to determine the
weight conversion rate from the field state to dried
condition. Samples of FWD were dried at 80�C to
constant weight.

The modified decay classification system and class
definitions used in our study sites are given, which was
proposed by Maser et al. (1979) and modified by Pyle
and Brown (1999), Carmona et al. (2002) based on field
observations and a qualitative description of aspect,
consistency of each woody residue. A new modified
indirect measurement developed by Rouvinen et al.
(2002) was also used in the field. The main contents are
as follows: (1) the dead wood dies within 1–2 years, and
the cambium is still fresh when investigation; (2) the
cambium begins to compose, and the knife blade pene-
trates a few millimeters into it; (3) the knife blade pen-
etrates 1–1.5 cm into it; (4) the knife blade penetrates 2–
3 cm into it; and (5) the knife blade penetrates all the
way. If a log, mainly of larger ones, contained more than
one stage of decay; it was measured as separate segments
by decay stage.

Furthermore, we collected small fragments (n = 9–
10) of dominant species of CWD in each decay classes
for determination of wood density by dividing the oven-
dried weight by volume. The fragments were stored in
sealed plastic bags and taken to the lab, where we
determined their fresh and dry mass, and volume (using
water replacement technique within a water jar) and we
assumed the same wood density values for the same
species at the same decay class among logs, snags,
stumps and branches (Table 1).

Statistical analyses

The mass figures in the three secondary stands are
actually standardized with the uniformed unit Mg ha�1.
Analysis of variance (ANOVA) was used to determine
the broad effects of stand types on mass of CWD com-
ponents and FWD as well as to determine the Density of

CWD by decay classes of the dominant species. Signif-
icance was set at P < 0.05.

Results

Total mass of woody debris

Estimates of total mass of woody debris across three
types of secondary forest to primary forest ranged from
2.4 to 74.9 Mg ha�1 (Table 2). The lowest value of total
mass was found in the A. nepalensis association and the
highest one was in the primary forest. There are signif-
icant differences between primary and secondary forests
in the mass of logs (P < 0.001), stumps (P < 0.001)
and large braches (P = 0.023), while there is no signif-
icant variations in the mass of woody debris between
A. nepalensis association and P. bonatii association.

Among four stands, logs mass showed more pro-
nounced deviation than other woody debris compo-
nents. Interestingly, the high mass of snags and FWD
found in the secondary Lithocarpus association was
roughly similar to the largest value estimated for pri-
mary forest. In addition, the logs were the dominant
component in the CWD mass in the four stands. The
primary forest contains a considerable mass of logs,
accounting for 87.9% of the CWD stocks. In contrast,
snags, stumps and branches contributed less mass. The
ratio of CWD to FWD was increased from the sec-
ondary successional types (1–4) to the primary forest
(above 15) (Table 2).

Table 1 Density of CWD by decay classes of the dominant species
used to calculate mass in Ailao Mountains

Species Decay
classes

Density (g cm�3)

Mean Range Sample
size

Lithocarpus
hancei

1 0.52(0.01)a 0.46–0.55 6
2 0.40 (0.02)b 0.33–0.44 5
3 0.38 (0.03)b 0.28–0.49 7
4 0.29 (0.01)c 0.26–0.30 4
5 0.18 (0.01)d 0.15–0.21 4

Lithocarpus
xylocarpus

1 0.64 (0.01)a 0.61–0.69 7
2 0.57 (0.03)b 0.45–0.64 7
3 0.43 (0.01)c 0.35–0.50 10
4 0.34 (0.02)d 0.30–0.42 7
5 0.13 (0.02)e 0.10–0.16 4

Castanopsis
rufescens

1 0.52(0.01)a 0.49–0.54 9
2 0.47(0.01)b 0.43–0.52 12
3 0.42(0.02)c 0.37–0.47 5
4 0.33(0.02)d 0.25–0.37 6
5 0.19(0.02)e 0.13–0.25 9

Others 1 0.51(0.04)a 0.38–0.99 16
2 0.40(0.02)b 0.22–0.55 19
3 0.38(0.02)b 0.23–0.48 19
4 0.30(0.02)b 0.28–0.31 2
5 0.08(0.02)c 0.07–0.10 2

Average 0.41 0.07–0.99 160

Values in the parentheses imply the S.E.
In each tree species, values with the same letters in a column are not
significantly different (P < 0.05) using LSD test

808



Diameter classes distribution of CWD

There were obvious differences in the diameter classes’
distribution of logs and stumps between the secondary
types and the primary forest (P < 0.002) (Fig. 2). The
proportion of larger-diameter dead trees was higher in
the primary forest than in the secondary forests. Larger
tree logs and stumps (‡40 cm basal diameter) were the
leading component in the primary forest and logs and
stumps (>100 cm) pieces represented above 50% of
total mass. While most of CWD accumulations in sec-
ondary forests were composed of pieces with diameter
below 40 cm. There was no significant difference in
snags and branches diameter (basal diameter) from the
secondary forests to primary forest (P = 0.09–0.94).

Species composition of CWD

The species composition of CWD found in four stands
varied from 1 to 18 trees species from the secondary types
to the primary forest. The CWD pieces comes form single
pioneer tree species (A. nepalensis) in the A. nepalensis
association (Fig. 3). Within the secondary P. bonatii
association, the CWD components resulted from four
species (P. bonatii, L. hancei, L. xylocarpus and Pinus
Armandi Franch), of which P. bonatii contributed 85.5%
to the total CWD mass, and species L. xylocarpus and
L. hancei were typically associated with forest succession
according the direction of aspen community succession
(Sheng and Xie 1991; Qiu et al. 1998). The CWD com-
ponents in the L. association are comprised of 15 tree
species. Schefflera shweliensis W. W. Smith and Juglans
Regia L. were common tree species in the composition of
CWD in the secondary Lithocarpus association and
species such as C. rufescens, L. xylocarpus and L. hancei
in total accounted for about 20% of the CWDmass. The
number of tree species for CWD composition was the
highest in primary forest, up to 18 species, and C. ru-
fescens, L. xylocarpus and L. hancei accounted for 84%

of the total mass of CWD, of which C. rufescens had the
greatest value of CWD mass, reaching 53.3 Mg ha�1,
and the next comes 3.2 Mg ha�1 for L. hancei and
2.6 Mg ha�1 for L. xylocarpus. The rest were Schima
noronhae Reinw. ex Blume., Camellia forrestii (Diels.)
Coh, Illicium macranthum A. C. Smith., Symplocos
ramosissima Wall. ex G. Don., S. shweliememsis, Mang-
lietia insignis (Wall.) Bl, Ilex coralline Franch., Machilus
yunnanensis Lecomte., Machilus bombycina King. ex
Hook. f., Acer heptalobum Diels., Acanthopanax evo-
diaefolius Franch., Sorbus rhamnoides Rehd., Eriobotrya
bengalensis (Roxb.) Hook. andMeliosma kirkiiHemsl. &
E. H. Wilson.

Table 2 Mass and composition of woody debris in the secondary and primary forests in Ailao Mountains

WD Secondary forests Primary forest

Ass. Alnus nepalensis Ass. Populus bonatii Ass. Lithocarpus

Mass
(Mg ha�1)

Percentage
(%)

Mass
(Mg ha�1)

Percentage
(%)

Mass
(Mg ha�1)

Percentage
(%)

Mass
(Mg ha�1)

Percentage
(%)

CWD
Logs 0.7 (0.2)b 63.3 5.4(0.4)b 83.0 1.7 (0.3)b 34.1 61.7(14.3)a 87.8
Snags 0.3(0.2)b 23.6 0.7(0.2)b 10.5 2.4 (0.5)a 47.7 3.2(0.3)a 4.5
Stumps 0.2(0.0)b 13.2 – – 0.3(0.1)b 5.3 4.0(0.3)a 5.7
Branches – – 0.4 (0.1)b 6. 5 0.7(0.1)b 13.0 1.5(0.3)a 2.1
Total 1.1(0.3) 100 6.44(0.4) 100 5.1(0.9) 100 70.3(13.9) 100
FWD 1.3(0.2)b 1.6(0.1)b 4. 8(0.5)a 4.5(0.3)a
Total WD 2.4 (0.2)b 8.0(0.4)b 9.9(0.89)b 74.9(13.8)a
CWD:FWD 0.9:1 4.1:1 1.1:1 15.5:1

Values in parentheses imply the S.E; in each woody debris component, values with same letters in a row are not significantly different
(P < 0.05) using LSD test
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Decay classes distribution of CWD

The distribution of CWD in different decay classes
varied among the secondary and primary forests
(Fig. 4). Overall, all CWD in lower to intermediate
classes of decomposition (decay classes 1–3) were com-
mon in the secondary forest while the primary forest
contained the full decay classes (from 1 to 5 classes) of
woody debris. In the primary forest, the logs and stumps
in decay classes 2–3 accounted for 60–90% of the total
logs and stumps mass. All the snags belonged to the low
to moderate decayed classes within the secondary and
primary forests.

Discussion and conclusion

Woody debris mass and composition

The dynamics of CWD can be summarized in two
phases: the residual decay of pre-disturbance and dis-
turbance-generated, and the residual accumulation of
debris from the regenerating stand (Spies et al. 1988;
Carmona et al. 2002). In our study, it was obviously
different in the amount and quality of woody debris
from the secondary forests to the primary forest in Ailao
Mountains. However, the large woody residues of the

pre-disturbance stand were removed by local people for
building materials and fuel wood (Wang 1983; Qiu et al.
1998). Thus, all the contemporary woody debris has
been produced from the present generation types. The
paucity of larger, decaying logs from the pre-disturbed
stands resulted in: (1) less accumulation of woody debris
in the secondary forests and (2) FWD held a large

Primary  forest

75.7%

4.6%

3.7%

2.7%
3.2%

10.1%

Schima noronhae
Machilus viridis
Others

100%

Alnus nepalensis

      Secondary Ass.Lithocarpus

3.6%

4.0%

22.6%

17.3%

10.6%

28.3%
13.7%

Castanopsis rufescens Lithocarpus hancei
Lithocarpus xylocarpus Shefflera shweliensis
Juglans regia Padus perulata

    Secondary Ass. Populus bonatii

1.9% 1.0%

11.6%

85.5%

Populus bonatii Lithocarpus hancei

Lithocarpus xylocarpus Others

Secondary Ass. Alnus nepalensis a

c d

bFig. 3 Species composition of
CWD in different secondary
and primary forest stands in
Ailao Mountains

Decay
classes

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100 %

Secondary Ass.
Alnus nepalensis

Secondary Ass.
Populus bonatii 

Secondary Ass.
Lithocarpus 

Primary forest

Stand type

R
el

at
iv

e 
bi

om
as

s 
ab

un
da

nc
e

5

4

3

2

1

Fig. 4 Relative distribution of total mass of CWD among five
decay classes in secondary and primary forest in Ailao Mountains

810



proportion of total woody debris mass (about 50% ex-
cept for aspen stand). Furthermore, the lowest stocks of
woody debris in A. nepalensis association can be ex-
plained in part by the increased decomposition rates of
woody detritus in the open stand.

The CWD mass of 70.3 Mg ha�1 in the primary
forest (natural montane evergreen broad-leaved forest)
in Ailao Mountains is much higher than that of forests
in tropical area (1–30 Mg ha�1, Delaney et al. 1998) and
other subtropical regions (7.3–25.3 Mg ha�1, Li et al.
1996; Tang et al. 2003), but it is somewhat lower than
that of the temperate broad-leaved evergreen forest in
Chiloe Island, Chile (58–381 Mg ha�1) (Carmona et al.
2002). In this study, the high proportion of large-diam-
eter logs in woody debris composition of the primary
forest is similar to the old-growth forest ecosystems in
other regions (Harmon et al. 1986; Spies et al. 1988;
Siitonen et al. 2000). The site productivity, decomposi-
tion rates, stand history and disturbance regime will all
influence the maximum accumulation of dead wood
possible in any old-growth stand (Binham and Sawyer
1988; Siitonen et al. 2000; Webster and Jenkins 2005).
The moist evergreen broad-leaved forest in the Xujiaba
region belongs to the typical mountainous types of the
south subtropical region. The high altitude, low tem-
perature, and high humidity in study area make it dif-
ficult for the microorganism to thrive and the dominant
CWD species being of the Fagaceae (C. rufescens, L.
xylocarpus and L. hancei), whose hardwoods are decay-
resistant. All these factors contribute to the high accu-
mulation of CWD mass than other forest ecosystem at
the same latitude. On the other hand, the high propor-
tion of logs (especially the large-diameter decaying logs)
accumulations reflect the slow decomposition rates of
dead wood, little or no past anthropogenic disturbance
to the natural forest to a great extent (Liu et al. 2002).

Species composition of CWD

The species composition of CWDmay indicate historical
mortality patterns and successional direction of forest
stands (Woodall andNagel 2006). Species composition of
CWD is substantially different among the secondary and
primary forests in Ailao Mountains. The woody debris
species is mainly comprised of single tree species in the
A. nepalensis forest, while the CWD composition within
the primary forest come from 18 tree species. Woody
debris in the secondary forests is mainly of small diameter
and high decay rate tree species. P. bonatii is considered
the pioneer tree species with a short longevity, based on
the analysis of species composition of the secondary
P. bonatii association. Mature or old aspen (P. bonatii) is
prone to heart-rot that increases its vulnerability to wind
throw mortality (Sheng and Xie 1991). In addition, the
heart-rot was also popular from young to adult aspen
population (estimated of 100% individual attached),
which contributed to the following rapid accumulation of
aspen wood residues and accelerated the succession and

development of other species. The shift of P. bonatii
communities toward the secondary evergreen broad-
leaved forest may be considered forward succession be-
cause aspen represents an early successional condition in
this area (Sheng and Xie 1991; Oiu et al. 1998).

Species composition was richer in the primary forest
than the secondary counterpart types. Above 80% of the
CWD mass in primary forest were dominated by decay-
resistant species of C. rufescens, L. xylocarpus and L.
hancei, which being of large diameter and could increase
its contribution to CWD accumulation. These CWD
components were resulted from the natural senescence
and death of old trees. This is the main way of woody
debris accumulation in the primary old-growth forests
and is very common in other regions (Goodburn and
Lorimer 1998; Webster and Jenkins 2005). Furthermore,
the primary forest possesses the full decaying classes of
woody debris, while the secondary forests have only part
decay classes. The high decayed components of CWD
are increasing with the forest development and succes-
sion, but differences in decay stages are probably due to
species differences and the effect of forest types (Eaton
and Lawrence 2006). It is necessary to develop site- and
species-specific decay classification schemes for the sec-
ondary and primary forest in Ailao Mountains.

In conclusion, the stocks of woody debris were sig-
nificantly different from the three secondary types to the
primary forest, of which the logs (especially larger-
diameter decaying pieces) are the most considerable
changing components from secondary to primary forest.
The stocks of woody debris are greater than the same
latitude forests and reach the upper limit of subtropical
regions which helps to illustrate the nature of ‘temperate
rain forest’.

Conservation and restoration implication

The amount and quality of CWD, especially large logs,
are thought to be the most outstanding structural dif-
ferences distinguishing secondary forests and old-growth
primary forest (Harmon et al. 1986; Siitonen et al. 2000).
Our results suggest that the residual accumulation of
woody debris from the regenerating stand are low, and
the current accumulation of higher stocks of woody
debris, particularly larger decaying logs, need a long
time in the primary forest. The development of old-
growth stands starts at the minimum age of 300 years
and a longer time required for CWD patterns and
characteristics (especially larger-diameter logs distribu-
tion) to develop (Wang 1983; Young et al. 1992).
Recovering time for CWD structure and composition
similar to primary forest may exceed several centuries,
so it is very important to preserve the current primary
forest and maintain the structural and functional integ-
rity of woody debris.
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