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SATO T, YAGIHASHI T, NIIYAMA K, ABD RAHMAN K & AZIZI R. 2016. Coarse woody debris stocks and 
inputs in a primary hill dipterocarp forest, Peninsular Malaysia. Hill dipterocarp forests are a major forest 
type within the tropical lowland evergreen rainforests of Peninsular Malaysia. However, the coarse woody 
debris(CWD) dynamics of these forests remain poorly understood. To improve our understanding of CWD 
dynamics in hill dipterocarp forests, we investigated stocks and inputs of CWD under different topographical 
conditions in Semangkok Forest Reserve, Selangor, Malaysia. The total CWD (mean ± standard error of 
the mean) was 81.7 ± 17.0 Mg ha-1 with a range of 0.1 to 379.7 Mg ha-1. Although we found no significant 
differences in total CWD among topographies, the large CWD stock may have resulted from the relatively 
large amount of aboveground biomass in this hill dipterocarp forest. Downed CWD (fallen logs and uproots) 
was higher than standing CWD (standing dead and snaps) regardless of slope position. The mean CWD input 
from tree mortality was 8.2 ± 2.2 Mg ha-1 year-1 over 18 years. Assuming the long-term equilibrium of stocks 
and inputs, the turnover time was 16.6 ± 3.7 years, with no significant differences among topographies. Thus, 
our study demonstrated the importance of large tree mortality to CWD dynamics in hill dipterocarp forests 
using long-term tree census data. 
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INTRODUCTION

Coarse woody debris (CWD) is an important 
component of carbon stocks and other ecological 
services in forest ecosystems (Franklin et al. 
1987). CWD consists of fallen and standing dead 
wood and contributes anywhere from less than 
10% to more than 40% of the aboveground 
biomass (AGB) in these systems (Brown 2002, 
Palace et al. 2012). CWD stock and its input 
(addition) vary spatially and temporally within 
and across forests (Harmon et al. 1986, Gale 
2000). 
	 Hill dipterocarp forests, dominated by Shorea 
curtisii are a major forest type within the tropical 
lowland evergreen rainforests of Peninsular 
Malaysia (Whitmore 1984). Hill dipterocarp 
forests make up approximately 43% of the 
tropical lowland evergreen rainforests (Hamdan 
et al. 2015) in Peninsular Malaysia. Hamdan et 
al. (2015) quantified the AGB of dipterocarp 
forests in Peninsular Malaysia using satellite data 

and found that 72% of the forest area contained 
AGB of more than 300 Mg ha-1. AGB estimates 
have been conducted in other dipterocarp 
forests using sampling plot data (Okuda et al. 
2004, Jeyanny et al. 2014). Since surveys of live 
biomass alone are insufficient to determine 
carbon pools and their dynamics (Rice et al. 
2004), many studies have been conducted for 
analysis of carbon stocks, including CWD (Saner 
et al. 2012, Ngo et al. 2013) and CWD dynamics 
(Yoneda et al. 1977, Yoneda et al. 1990, Pfeifer 
et al. 2015) in dipterocarp forests in South-East 
Asia. However, comparative studies of CWD 
stocks across topographical types are limited 
(Gale 2000, Gale & Hall 2001). 
	 The abundance of CWD data from Amazonian 
forests makes it possible to compare the broad 
range of CWD stocks and their dynamics to 
develop an overall understanding of forest 
carbon stocks (Baker et al. 2007, Chao et al. 
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2009). However, more studies of CWD dynamics 
(i.e stocks and inputs) are required to understand 
the role of carbon cycles in hill dipterocarp forest 
ecosystems. 
	 In the present study, we investigated CWD in 
a primary hill dipterocarp forest in Peninsular 
Malaysia using a 6-ha permanent plot that 
had several topographical conditions. We also 
calculated AGB using long-term (18 years) tree 
census data from the same plot. Collectively, 
these data allowed us to assess the dynamics of 
CWD in a hill dipterocarp forest. The aims of the 
study were to estimate: (1) CWD stocks under 
different topographical conditions in a primary 
hill dipterocarp forest and (2) the input rate and 
turnover time of CWD.

MATERIALS AND METHODS

Study site

This study was conducted in a primary hill 
dipterocarp forest in Semangkok Forest Reserve, 
which is near Fraser’s Hill and approximately 
60 km north of Kuala Lumpur (Figure 1).  
Semangkok Forest Reserve is a 28-ha virgin jungle 
reserve surrounded by secondary forest that 
was selectively logged in the 1980s. The average 
annual rainfall is 2414 mm, and the average 
annual minimum and maximum temperatures 
are 21.9 and 33.0 °C respectively (Saifuddin  
et al. 1991).

	 The study plot was a 6-ha (300 m × 200 m) 
long-term monitoring plot (3° 37' N, 101° 44' E) 
established within the virgin jungle reserve in 
1992. The elevation at the study site was 400– 
515 m above sea level (asl) with a narrow ridge 
in the north–south direction and aspects facing 
the steep east and west slopes (Figure 1). The 
bedrock of the 6-ha plot is granitic acid volcanic 
rock, and the soils are classified as Acrisol (Tange 
et al. 1998). 
	 The plot was divided into 150 quadrats 
measuring 20 m × 20 m and forest dynamics 
monitored since 1993. In that first census all trees 
greater than 5 cm in diameter at breast height 
(dbh) in each quadrat were tagged, measured 
and identified (Niiyama et al. 1999). The 1993 
census recorded a total of 455 tree species, with 
a basal area of 42.9 m2 ha-1, of which S. curtisii 
comprised 29% (Niiyama et al. 1999). Seven 
more tree censuses were conducted in 1995, 
1997, 1999, 2001, 2003, 2007 and 2011, giving a 
total of 8 censuses during this 18-year study (see 
Niiyama et al. 1999 and Abd Rahman et al. 2002).

CWD stock estimation

We used a sample plot inventory method to 
estimate CWD stock. Seven 20 m × 100 m 
transects, which consisted of five 20 m × 20 m 
sample quadrats, were placed in the plot. Each 
quadrat was a sampling unit, and all 35 were used 
for analysis (Figure 1). All CWD components 

Figure 1	 Location of Semangkok Forest Reserve (left) and layout of quadrats in the 6-ha plot (right); the 
contour interval is 10 m
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with an end diameter of 10 cm or more were 
measured in each sampling quadrat from August 
to September of 2009 and 2010. This debris was 
classified by mode of tree death as: standing 
dead, snaps (broken stems), uproots (uprooted 
trees) or fallen logs (adapted from Chao et al. 
2009). We used the measurement procedure 
described by Siitonen et al. (2000) as follows: a 
dead tree was measured and included in a sample 
quadrat if the center of the trunk at the root 
end was situated inside the quadrat. Thus, fallen 
trees that extended partly outside the quadrat 
were measured completely, whereas fallen trees 
projecting into the quadrat from outside were 
not measured. We recorded the dbh of standing 
dead trees and calculated the stem biomass using 
allometric equations developed by Chave et al. 
(2014). For snaps, we recorded the diameter 
of the midpoint of broken boles if possible. In 
the case of high midpoints, we measured dbh 
instead of the midpoint diameter. We recorded 
the diameter at both ends, length, position, and 
decay class for fallen and uprooted logs. CWD 
volume was calculated with the Smalian formula 
for logs and with the Huber formula for snaps 
(Harmon & Sexton 1996). The decay classes are 
show in Table 1.
	 Wood densities were determined by the water-
displacement method, using small samples of 
wood collected from the plot. The dry weight 
was determined by multiplying the volume of 
each decay class by wood density (Table 1). In 
the present study, we combined classes 0 and 1 
owing to the scarcity of CWD of class 0.

Topographic categories

We calculated elevation and slope in each  
20 m × 20 m quadrat in the plot. The elevation 
of a quadrat was calculated as the mean value of 
its four corners, using the method described by 
Harms et al. (2001). The slope was calculated 
as the rate of the maximum change in elevation 
from the quadrat to each of its eight surrounding 
quadrats using the method described by Burrough 
and McDonnell (1998). For quadrats at the edge 
of the 6-ha plot, at least three surrounding 
quadrats did not contain elevation data. These 
surrounding quadrats were assigned the elevation 
of the focal quadrat. 
	 Using the threshold of the first and third 
quartiles of elevation (445 and 487 m respectively) 
and the third quartile of the slope (32°), the 
quadrats were divided into four topographic 
categories as follows: steep slope (slope ≥ 32°), 
upper slope (elevation ≥ 487 m, slope < 32°), 
middle slope (445 m ≤ elevation < 487 m, slope 
< 32°) and lower slope (elevation < 445 m, 
slope < 32°). Since the 6-ha plot contained two 
steep slopes (Tange et al. 1998), we separated 
regions with a steep slope from the other three 
topographic categories. The number of CWD 
sampling quadrats in each category was as 
follows: 9 for the steep slope, 7 for the upper 
slope, 8 for the middle slope and 11 for the 
lower slope (Table 2). Findings by Tange et al. 
(1998) have suggested that soil thickness and soil 
moisture tend to increase from the upper slope 
to the lower slope.  

Table 1 	 Mean densities of coarse woody debris (CWD) pieces in six decay classes in Semangkok 
Forest Reserve

Decay  
class

Criteria Wood density  
(g cm-3 ± SEM)

No. of  
samples

0 Recently dead, withered leaves remain on baranches 0.64 ± 0.04 6

1 Cambial zone rotting, big branches remain 0.61 ± 0.03 4

2 Sapwood rotting, big branches remain 0.52 ± 0.07 6

3 Heartwood rotting, only bole remains 0.46 ± 0.04 4

4 Sapwood lost, only heartwood remains 0.40 ± 0.03 4

5 Almost completely decomposed, turning into a mass of 
amorphous organic matter

0.38 ± 0.04 6

SEM = standard error of mean; decay classes defined by Yoneda et al. (1977)
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AGB and CWD inputs

All trees measuring 10 cm or greater in dbh in 
all sampling quadrats were evaluated during the 
eight tree censuses. We also developed equations 
describing the relationship between dbh (D) 
and total height (H) in the plot using a Weibull 
function (Yang et al. 1978). The samples were 
collected from 98 trees with dbh values ranging 
from 2.5 to 130.3 cm. The equation was as follows: 

	 H = 69.592 × (1 – exp(-0.03673 × D0.7109)

where D is in cm and H is in m.

	 The AGB values of living plants were calculated 
using the allometric equations developed by 
Chave et al. (2014) as follows:

	 AGB = 0.0673 × (ρD2H) 0.976

where ρ = wood density, D is in cm, H is in m  
and AGB is in kg dry mass. Each species was 
assigned a wood density value obtained from 
the comprehensive global wood density database 
(Chave et al. 2009, Zanne et al. 2009). We also 
calculated the ratio of AGB from large trees (dbh 
≥ 70 cm) to the total AGB in each sample quadrat 
(Appendix).
	 The CWD inputs due to tree mortality were 
similarly counted in each of the eight tree 
censuses. The stock for each tree that died was 
determined using the same allometric equation 
applied to AGB (Chave et al. 2014) and employed 
the last measured dbh prior to death. Assuming 
equilibrium conditions, the turnover time of the 

CWD pool was calculated as follows (Baker et al. 
2007, Palace et al. 2007):

	 Turnover time = M / I 

where M = total stock of the CWD (Mg ha-1) and 
I = the CWD input rate (Mg ha-1 year-1). 

Statistical analyses

The differences in CWD stock and other 
parameters relating to CWD dynamics among 
topographic categories were tested using the 
nonparametric Kruskal–Wallis test. Kruskal–
Wallis tests were also conducted to examine the 
CWD stock across the four modes of tree death   
for each slope position. Multiple comparisons 
were performed with a Steel–Dwass test. All 
statistical analyses were carried out using R 
software version 3.2.3 (2015).

RESULTS AND DISCUSSION

CWD stock in the primary hill dipterocarp 
forest

We measured 545 pieces of dead wood in the 
sample quadrats from August till September 
of 2009 and 2010 and found 7 standing dead,  
46 snap, 470 fallen logs and 22 uproots. Total 
CWD values for individual quadrats ranged from 
0.1 to 379.7 Mg ha-1 (n = 35, Appendix), giving 
a mean CWD value (± SEM) per quadrat of 81.7 
± 17.0 Mg ha-1 (Table 2). This value was higher 
than that previously reported for undisturbed 
dipterocarp forests in South-East Asia (Yoneda 

Topography No. of 
quadrats

AGB  
(Mg ha-1 ± SEM)

CWD
(Mg ha-1 ± SEM)

CWD input from 
1993–2011

(Mg ha-1 year-1 ± SEM)

Turnover 
time 

(year ± SEM)1993 2011

Steep slope 9 380.4 ± 82.9 309.0 ± 66.8 119.3 ± 41.5 9.3 ± 4.3 25.4 ± 10.9

Upper slope 7 642.5 ± 135.4 674.9 ± 139.3 86.9 ± 36.4 6.9 ± 2.4 12.4 ± 4.0

Middle slope 8 505.2 ± 131.3 430.2 ± 124.2 83.5 ± 45.0 12.0 ± 8.1 20.9 ± 9.6

Lower slope 11 289.7 ± 51.8 275.3 ± 84.2 46.4 ± 15.3 5.3 ± 1.7 9.0 ± 2.4

Overall mean 432.9 ± 51.3 399.3 ± 54.7 81.7 ± 17.0 8.2 ± 2.2 16.6 ± 3.7

Kruskal–Wallis test p = 0.1289 p = 0.0669 p = 0.4341 p = 0.7661 p = 0.6798

 Table 2 	 Aboveground biomass (AGB) and coarse woody debris (CWD) mass in different topographic 
categories at the plot

SEM = standard error of the mean
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et al. 1977, Yoneda et al. 1990, Ngo et al. 2013, 
Pfeifer et al. 2015). 
	 Contrary to the large variability in previous 
reports, the AGB in this plot was relatively high 
compared with that in other undisturbed lowland 
dipterocarp forests (Saner et al. 2012) and hill 
dipterocarp forests (Ngo et al. 2013). Since the 
large amount of AGB is one of the drivers for 
enhancement of CWD stocks (Iwashita et al. 
2013), the large CWD stock may result from 
the relatively large amount of AGB in this hill 
dipterocarp forest.

CWD stocks in different topographies

Mean CWD stocks showed a decreasing trend 
downslope, with the highest mass on the steep 
slope (119.3 ± 41.5 Mg ha-1) and lowest mass 
on the lower slopes (46.4 ± 15.3 Mg ha-1), 
but no significant difference in CWD among 
topographies was detected (Kruskal–Wallis test, 
p > 0.05; Table 2). Many large S. curtisii trees 
(dbh ≥ 70 cm) are distributed around ridges in  
Semangkok Forest Reserve (Niiyama et al. 1999, 
Tange et al. 1998), and they dominate the top 
canopy layer (40–50 m in height). Some quadrats 
(e.g. C04 and E03; Appendix) held these large 
trees thus yielded relatively high AGB values in 
the plot. The high AGB represented by large trees 
could be a source of high CWD stock, especially 
in the upper and steep slope areas. 
	 The larger CWD deposits on the upper slope 
as compared with that on downslope areas is 
inconsistent with studies (e.g. Rubino & McCarthy 
2003) showing that CWD pieces found on steep 
slopes may be redistributed to lower slope 
positions. It is noted that insufficient sample size 
in the present study may have contributed to the 
non-significant differences among topographies. 
CWD was found to  exhibit wide variation in 
sample areas smaller than 0.1 ha in a boreal 
forest (Karjalainen & Kuuluvainen 2002). Future 
work quantifying movement of CWD material 
from the upper slope to downslope areas could 
clarify how CWD pieces are redistributed on 
topographies characteristic of hill dipterocarp 
forests in Peninsular Malaysia.

Mode of tree death

Downed CWD (fallen logs and uproots combined; 
58.8 ± 13.9 Mg ha-1) was greater than standing 
CWD (standing dead and snaps combined; 

22.9 ± 7.5 Mg ha-1) in the plot (Welch’s t-test,  
p > 0.05). Forty six per cent of the fallen logs 
(n = 470) were pieces in the 10–20 cm diameter 
range; these pieces contributed only 8% of its 
total stock. Uprooted logs showed relatively high 
CWD stock despite their small number and were 
more frequently observed in the middle and 
steep slope positions (Figure 2). 
	 Standing CWD made up 28% of total stock 
in the plot, and this proportion was similar to 
that found in another lowland (Yoneda et al. 
1977) and hill dipterocarp forest (Yoneda et al. 
1990) (Table 3). Since we did not observe any 
severe disturbances such as fire, windstorms 
or drought in the plot during the study period 
(Sato et al. 2013), snap tree numbers, which 
can be increased by storms (Toledo et al. 2012), 
showed little variation in CWD stock among 
topographies. In contrast to our results, Ngo et 
al. (2013) reported relatively high standing CWD 
in a hill dipterocarp forest, probably caused by 
lightning strikes. In our plot, one standing dead 
tree (near the ridge) that contributed to the 
increased CWD stock, was thought to have died 
after lightning struck it. Lightning could be one 
factor that results in standing dead trees, and may 
enhance CWD stock in hill dipterocarp forests.

CWD dynamics in the plot
 
Mean CWD input across all topographies, 
estimated from tree mortality, was 8.2 ±  
2.2 Mg ha-1 year-1 (Table 2). We found no 
significant differences among topographies for 
either CWD input or turnover time (Kruskal–
Wallis test, p < 0.05; Table 2). Assuming long-
term equilibrium of stocks and inputs, mean 
turnover time across all topographies was 16.6 ± 
3.7 years, as calculated from the ratio of the mean 
CWD stock to the above-mentioned mean CWD 
input. Although comparison of estimated input 
rates is difficult owing to the use of different 
methodologies, researchers have estimated the 
annual inputs of CWD to be 3.8 Mg ha-1 year-1 in the 
Peruvian Amazon of the Neotropical zone (Baker 
et al. 2007), 4.8 Mg ha-1 year-1 in the Brazilian 
Amazon (Rice et al. 2004) and 4.9 Mg ha-1 year-1 at 
La Selva, Costa Rica (Clark et al. 2002). Relatively 
few studies have been performed in dipterocarp 
forests in South-East Asia; the annual inputs 
of CWD are 3.3–20.5 Mg ha-1 year-1 (average  
9.3 Mg ha-1 year-1) in lowland dipterocarp forests 
(Yoneda et al. 1977). Our estimates used census 
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Figure 2 	 Mean coarse woody debris (CWD) in different topographical categories at Semangkok Forest Reserve 
based on mode of death; means with different letters are significantly different (Steel–Dwass test: 
p < 0.05); SEM = standard error of mean
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mortality data and were on the higher end of 
those in these studies. 
	 The mortality of large-size trees played an 
important role in the enhancement of CWD 
input (Figure 3). Since we had conducted eight 
tree censuses between 1993 and 2011, we could 
identify some dead wood from this period, as 
well as prior to 1993, in each sampling quadrat. 
In some quadrats such as G03 and G04 (Figure 
3a), CWD mass was greater than the CWD input 
over 18 years, implying that CWD accumulated 
prior to 1993 had contributed to CWD stock in 
those quadrats. On the other hand, large tree 
input due to mortality during the study period 
would also enhance CWD stock in the plot 
(Figures 3c and d). Rice et al. (2004) explained 
that high mortality prior to establishing a study 
plot would cause a relatively high CWD stock and 
low turnover in Amazonian forests. Woods (2014) 
suggested that CWD input rates fluctuate greatly 
due to occasional mortality of large canopy trees. 
Such “legacy” (cf. Yan et al. 2007) wood may be 
one of the reasons why this forest had high CWD 
stock and input.

CONCLUSIONS

Our study showed high CWD stocks in a primary 
hill dipterocarp forest of Peninsular Malaysia. 
CWD stocks among topographies were not found 
to be significantly different, as were CWD inputs. 
This non-significant result could be due to small 
sample sizes. From tree census data taken over 
18 years, our study showed the importance of 
mortality of large trees to CWD dynamics in 
hill dipterocarp forests. Since the chance of 
reduction in AGB and subsequent CWD input 
depends largely on disturbance frequency further 

observation of forest dynamics would provide 
insights into CWD dynamics in hill dipterocarp 
forest ecosystems.
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Sample
quadrat code

Topography AGB in 1993  
(Mg ha-1)

AGB in 2011  
(Mg ha-1)

CWD input due to mortality  
(Mg ha-1 year-1)

CWD  
(Mg ha-1)

C03 Steep slope 209.5 (0) 237.7 (0) 2.7 35.5

C04 Steep slope 762.2 (71) 229.4 (0) 34.5 304.8

E07 Steep slope 272.8 (38) 429.5 (51) 2.8 136.1

G04 Steep slope 143.1 (0) 165.3 (0) 3.1 323.2

G05 Steep slope 680.3 (27) 804.6 (57) 1.2 26.6

105 Steep slope 272.2 (59) 240.9 (72) 3.9 21.4

106 Steep slope 143.8 (0) 229.3 (0) 1.4 22.7

107 Steep slope 272.0 (0) 262.6 (0) 5.5 22.7

K08 Steep slope 668.2 (52) 182.0 (0) 28.6 180.9

C05 Upper slope 817.8 (63) 1068.7 (64) 1.1 11.5

C06 Upper slope 319.6 (0) 339.6 (0) 6.7 131.1

E03 Upper slope 970.8 (60) 1006.2 (50) 19.9 157.4

E04 Upper slope 420.7 (0) 505.3 (34) 1.3 11.5

E05 Upper slope 1191.6 (75) 1030.4 (76) 5.6 16.0

E06 Upper slope 542.7 (22) 628.8 (51) 5.9 25.0

G03 Upper slope 234.7 (0) 145.6 (0) 7.7 255.7

C07 Middle slope 318.7 (0) 349.7 (0) 2.9 29.2

G06 Middle slope 197.1 (0) 260.6 (0) 2.3 120.3

G07 Middle slope 645.8 (53) 594.9 (26) 16.1 93.8

I03 Middle slope 662.5 (62) 921.8 (83) 2.4 16.4

I04 Middle slope 766.2 (87) 950.6 (87) 0.1 4.8

K06 Middle slope 44.8 (0) 83.1 (0) 0.9 6.0

K09 Middle slope 237.7 (44) 161.8 (0) 3.9 17.5

K10 Middle slope 1168.4 (61) 119.2 (0) 67.5 379.7

K07 Lower slope 211.9 (0) 156.0 (0) 4.9 39.3

M06 Lower slope 235.9 (0) 321.7 (0) 0.8 5.0

M07 Lower slope 151.5 (0) 81.0 (0) 4.0 64.4

M08 Lower slope 200.4 (0) 88.6 (0) 5.2 43.7

M09 Lower slope 364.5 (46) 224.3 (0) 12.4 54.5

M10 Lower slope 413.3 (0) 291.5 (58) 11.5 150.6

O06 Lower slope 620.3 (65) 1000.5 (69) 2.6 22.5

O07 Lower slope 68.7 (0) 21.0 (0) 3.1 0.3

O08 Lower slope 78.9 (0) 102.0 (0) 0.1 0.1

O09 Lower slope 393.7 (41) 528.6 (63) 0.2 4.6

O10 Lower slope 448.2 (0) 213.4 (0) 13.5 125.1

 Appendix 	 Aboveground biomass (AGB) and coarse woody debris (CWD) stock per sampling quadrat  
(Mg ha-1) 

Aboveground biomass (1993 and 2011) was calculated from all living trees above 10 cm in dbh using an equation developed 
by Chave et al. (2014); percentages of AGB > 70 cm dbh are shown in parentheses


