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COARSE WOODY DEBRIS BIOMASS AND ITS POTENTIAL CONTRI-
BUTION TO THE CARBON CYCLE IN SUCCESSIONAL
SUBTROPICAL FORESTS OF SOUTHERN CHINA

TANG Xu-Li""? and ZHOU Guo-Yi' *
(1 South China Botanical Garden> Chinese Academy of Sciences» Guangzhou 510650, China)
(2 Graduate School of Chinese Academy of Sciences> Beijing 100039, China)

Abstract Coarse woody debris (CWD) in forest ecosystems provides critical habitat for many organisms>
maintains a healthy forest structure, and is important in the biogeochemical cycling of carbon and nutrients.
However; the characteristics and ecological functions of CWD are poorly documented and understood in the
subtropical forests of southern China. In this study, the amount and characteristics of CWD in three typical
forest ecosystem types in southern China were investigated at the Dinghushan Nature Reserve. These forests
were selected to form a successional sequence with a Pinus massoniana forest> a mixed coniferous broad-leaved
forestr and a monsoon evergreen broad-leaved forest representing early-» mid-, and advanced-successional
stages, respectively. Both the Pinus massoniana and the mixed coniferous broad-leaved forests developed on
artificial Pinus massoniana plantations planted in the 1930s. Nevertheless, these two forests were at different
successional stages. The Pinus massoniana forest was harvested for leaf/needle litterfall, CWD, and under-
growth until 1990 whereas human interventions were excluded in the mixed coniferous broad-leaved forest. Re-
sults indicated that human disturbance dramatically altered the successional process of the Pinus massoniana
forest and its ecological functions. Total aboveground biomass was just 35% of that of the mixed coniferous
broad-leaved forest. The number of tree species that contributed to CWD increased along the successional se-
quence with 7, 18, and 29 species in the Pinus massoniana , mixed coniferous broad-leaved, and monsoon ev-
ergreen broad-leaved forest sites, respectively. There was almost no CWD (0.1 Mg C*hm™2) in the Pinus
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massoniana forests while CWD amounted to 8.7 Mg C*hm~2 in the mixed coniferous broad-leaved forest and

13.2 Mg C*hm~2 in the monsoon evergreen broad-leaved forest, representing 9.1% and 11.3% of the total

aboveground biomass; respectively. Only about 10% of the CWD was standing in the mixed coniferous broad-

leaved and the monsoon evergreen broad-leaved forestss suggesting that sudden forest canopy gaps created by

falling or snapping of trees might be more important than gradual gaps formed by standing dead trees in the

succession of these forests in this region. Although the decomposition rate of CWD was relatively fast, it was

still comparable to that of the soil organic carbon in the region, suggesting that CWD can play an important role

in the global carbon cycle. Keeping CWD on the forest floor is a critical strategy for maintaining forest produc-

tivity and implementing sustainable forest management in southern China.
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WA ARAK R] KR 2 4078 8 TRV R R, R B R ik
& Coarse woody debris, CWD)3Z 2 T )7z 1 K.
FEABRIE AN R (AR AR S A L TR S5 ) AR 45 4
AT RHAERTIE T, FSE CWD REIE S XS A2
I vk & & 817 7 K & W98 (Harmon et al . »
1986; Harmon & Chen, 1991; Spies et al.> 1988;
Hughes et al ., 2000; Clark et al., 2002). fE CWD
R LR DIRET, I o RS e B iR A
BEDL 2 ¥ A W) 2 A VR AE B2 AR ) i BR AL A i
(Bowman et al.> 2000; McKenny & Kirkpatrick, 1999;
Harmon et al.> 1990, 1994; Crowford et al., 1997;
Amaranthus et al ., 1994; Nakamura & Swanson, 1994).

KEWTFLH CUEY] CWD £ AR AT R G 1
HEAH SRy, AE AR T CWD B AR AT
EED YR 10% ~ 20% (Muller & Lius 19915
Harmon et al ., 1993; Delaney et al., 1998), fH{E T
SRR 58 (1) A% 3 — 2 70 4 43 9 2 ( Brown,
20020 T 20 K, A ERVEH X CWD K ST
B8 0, AH SR BRI 32 AR R A v v i M X (B 56
YR 78 A6 5 1) W 7 AR AR O (Carmona. et al . »
2003) A1 FKF X ( Chambers et al . » 2000, 2001). Al
b2 N, ABEIH 2 MR AR AR CWD RIAR S HRE D>
(B 45, 1997; i 35 G5 5%, 1998; i JE A 4%,
2003b) -

F1 20 20 50 SFEACLIOK, 76 5t B 2R O3 X
BRI SR8 17 81 L B AN [F) R AR A 25 R G 2Lk &5 1
MBS TR T REI T 5T HRia)
SRR, T2 WIEPE TP E 55 455
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I KR CWD 2R4E .

ASSCARAE T 0 L E AR ARG DX AP Ak T A )i
B B A v S Ay i R R AR A 25 R 48 CWD I AT

Forest succession, Carbon storage, Human impacts Subtropical forest; Dinghushan Nature Re-
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W AE BP0 AL BRI ST, 2002; SUL
W45, 1997, 2001), IXLETHEF] 1990 4EA4 151k, 1M
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FA1 133 h? e S L E AROR 4P DX 1 B2 ) g IE 4
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Table 1 Description of study sites
%t TR B NS SZ ARSI 1) FE H T Ay

Forest type Successional stage Stand age (a) Years under protection (a) Plot size (m?) Biomass (Mg*hm™=2)

~ 14 (BT W 4%, b
SRR 8! - ot ~ (82 /D fn
;55&% o oot Elﬂ - 70 1997, 2001 4L 6 1% 10 000 j% 1335;1//%} A

ine massoniana fores arly-succession FIELIT B, 2002) )
B IR AR g 261 ~ 283 (52 /> B Al
Mixed coniferous Mid _ 70 70 1200 KRBT, 1994; 5 iE
broud-leaved forest 1e-suecession 25, 2003)
= R kR AR I 5
bt CHILT- A 3k

Monsoon evergreen 54 > 400 >400 (BR3P AR i 10 000 308"

broad-leaved forest

Advanced-succession

&51999)

1) MR 32 A R 7 44 (1995, 32 /b I FH KRB (1994 , Y1k 75 55 (1997 )R I8 A5 ) it (1 5 S v 5 (1) *F 345 Mean biomass calculated based on Peng
& Fang (1995), Peng & Zhang (1994), Wen et al. (1997)

2 AW WD SRR S bR

Table 2 Classification system of CWD decay classes in forests at Dinghushan Nature Reserve

I3RS Decay class

A BRIE SR Early TS Intermediate 51 5 53 7 Advanced
Character
| I il IV V
I Leaves A71E Present - - - _

£ Branches and twigs

J¢ Bark

AR 4514 Wood con-
sistency

# BE R0 EL I Moss and
fungi

AN

Invading root

HARANT 3 em 194
B A7, LA 58 4
Twigs less than 3 cm
presents large branch-
es keep intact

5, 1% Intact,
tight
X[ Solid

HAZNT 3 em 1940
Bl o> A A, A 5
# Twigs less than 3
cm  partly
large branches keep in-

present,

tact

BEA 56, K [H In-
tact on the whole tight
U2 Solid

BB TR T
I 25% Cover less
than 25% of surface
area

ToAn A RS 8 20 A7
15, KB Wi Ab-
sent of twigs, large
branches present, but
mostly broken

AL, A5 Part-

ly presents loose

1 [ Semi-solid

7 6 TRk 2 T
) 25% ~ 50% Cover
25% - 50% of surface

area

TCAN L, R 23 47
7 Absent of twigs
large branches partly
present

/b i, FASE Trace pre-

sent> loose

HE o W[, S
Party solid, breakable
2 % TR R T
R 50% Cover more
than 50% of surface

area

Bu v M R

sapwood

FARR, Ty BBRE Sl M R
IR Softs powdery

7 o AR T R
I 50% Cover more
than 50% of surface
area

F I ) VLR

heartwood

1) HOHE T 35 45 (1998 FI BT 55 (1997)K: T+ Sollins( 1982l 7 I A7 #E Adapted from Sollins (1982) and following Wen et al . (1998) and Wei et

al. (1997
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Table 3 Estimation CWD biomass in successional forests at Dinghushan Nature Reserve

WP BL Successional stage

HCE RO

J I RUHE S e )
Advanced (Monsoon evergreen

broad-leaved forest)?’

o CEFRR IR AS O
Middle (Mixed coniferous
broad-leaved forest)

Early ( Pine
massoniana fores)"

R
Total living biomass 40.605
(Mg C*hm~%)
CWD Bt & FiZA Snags 0.054 €0.071)
CWD biomass
(Mg C*hm~2) B Logs 0.048 (0.068)

71t Total 0.102 €0.095)

116.180 147.80
0.885 (0.604) 1.896 (0.026)
7.827 (5.814) 11.316 (0.239)

8.712 (5.672) 13.210 (0.239)

D Hdls g1 A5z T7 4 (1995) Data from Peng & Fang (19950 2) %#fi 51 Hilkik 4% (1997) Data from Wen et al . (1997)

FRUEZE Standard error in parenthesis

TP S AR A B K A R WD E
CWD 1E R —A ¢ g, JL VIR BE AR AR R If
FaE . CWD B B AR R A D R
PR R I YR AT PR L 2 IR 4 i K e £ B 481 40 531
0.3%,9.1% M 11.3%-
2.2 RS SEIA R LA

AR WD MAATE B H RN ZER:
JEy vy e R VA NESRCE D N 6= = 1 E 275 T B e YAV N
I CWD I R 11 539% » fBIR I 5 s
IR 47 % o A TR AE PR 2 X St ) bR e 5
AR BT o B A AR, BRI 23 ) o CWD A b i
11 90% A1 87% -
2.3 CWD B3 (18 12 55 0 O A R Ak

CWD )43 fif A% e b v % R I AR A CIE D),
P b B AR CWDCER 2 T IV 200 (1 B A o v
75 B3I A, By R AARR A S RS WD 11
LB A 3. 5% , I 7] I YR A2 M BT 28 JXL St ] T
HEE IR CWD 23 AT WD R 1 36. 19 A
66.7% . hRIAM L 95% 1) CWD #B4b T 4% FiE
IR CGE 2 T 90, WA A LRI T &
JE ARSI CWDe 1 7 VR A A v B2 R 2
(F2% VYD cWwD i CWD B E 1 49% , LLZE R
LR AR SR AN 6% .
2.4 CWD M4l g

RR) = VNN L R vl NN = W > L R
CWD 193 50 B 718+ 20 FlvAds Al 4 fio 45> g kR
) WD = A i D HAR AR SRR 4 B
FRAAMR CWD 1) 3 ZAR AT Ay By AR, 5 CWD &t
(1) 88% , Ho ik A Bk 43 U C Rhodomyrius tomentosa ) F
=X C Evodia lepta) 77 7] 7 CWD J I & 1) 6% F1
4% , L4 4 DNF CWD A SIS 2% . B
TRASHR CWD PRI AR AR 7R D A, o St

5 WEER

) 79% » R BT ) B D, A8t B C Litsea
rotundifolia) 1 55 F J5 58 ¥ C Cryptocarya concinna )
CWD BB L 530 0 79 A1 5% o 2 AUH 25t ]
M CWD (13 AR O BERF ek, R S CWD
o5 ) 47 9% , IR HESE C Castanpsis chinensis )~ JF-5%
FEC Cryptocarya chinensis )~ 41 K ( Schima superba ) F1 3L
B 25 i A CWD IR I ER 930N 26% +13% 8%
A 6%

wn
% 100
g
g
el
g 8
=3
=<
60
2E
g"é
27 40
o4
=]
o 20
-
2
< 0
&
A B C
B AR O SR O MR

Advanced decay Intermediate decay Early decay

K1 AFRMERE WD K E ]

Relative distribution of CWD biomass among decay states in

Fig.1
successional forests at Dinghushan Nature Reserve
A: BRIAM Pinus massoniana forest  B: &l [ MR AS AR Mixed

coniferous broad-leaved forest — C: 7% X\ % [ H Ak Monsoon evergreen

broad-leaved forest

T R 2 Ty FRAA MR R TR AS AR WD 2 1)
FBARIATN AR ZF A RS EAEAE ORI 2
S, B RIAMR T I 959% (1 5 A cwD # Ak TR
FEOy RS, & o RS B 5 2L cwD A 2
5%, 5t IR RAC AR B AL CWD 1 619% 4k T FE 4y
EIRZS ) 339% 4 T BE A3 RS R B 2 RS IR
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Table 4  Species classification of CWD

R Forest type

B Al Species

Dt 5 CWD biomass
CWD JE3E CWD biomass LA Percentage (%)

(Mg C*hm~=%)

L RIAK Pine massoniana forest WK Pinus massoniana 0.088 88
k4 Rhodomyrius tomentosa 0.006 6
=X Evodia lepta 0.004
HAR 4T Other 4 species 0.002

£t i W S AR Mixed Coniferous broad-leaved forest 5 RBAA Pinus massoniana 6.900 79
SHEAR Litsea roundigfolia 0.600 7
WRJESEEE Cryprocarya concinna 0.500 5
HAR 15 P Other 15 species 0.800 9

75 XU % B AR Monsoon evergreen broad-leaved forest BRIEFHE Cryprocarya concinna 6.200 47
HESE Castanpsis chinensis 3.400 26
JEF%KE Cryptocarya chinensis 1.700 13
AR Schima superba 1.000 8
JL4x 25 ' Other 25 species 0.900

17 6% .
2.5 CWD MR L

ARHF TS TR 3 AN PRI rpobh AR 1) £
HRBEAE L 88 0 95D o I YR AT AR A R A R A
LA, AR 7 RS g ] P AR 118 51 A e 0 B A 4 Y
PR b € R AW N N G IR T G S Y SRR
K ECE 2),

ELAT /N T 10 e A T 5% A4 2 18 55 40 399 9 B R

800 - el #idL K Snags ey
N 700 Y B
2| \ D
§ s00 | \
. 400 A
Eawl O\
g
= 200 |
@ 100 | “\i\._~
o LA o e e
5 10 15 20 25 30 35 100
700 AR Logs ety A
% 600 | 8 B
‘. 500 f ~&=C
[=}
Z 400 |
b
'-5 300 |
= 200 ¢ ‘\A\‘%
i 100 | \/N
ﬁ 0 L . \l“.“,vmpw IS |

5 10 15 20 25 30 35 100
2% Diameter classes (cm)

2 ANFEREEB B CWD B AR A A R
Fig.2  The number of CWD by diameter classes in successional
forests at Dinghushan Nature Reserve
AVBC: W& 1 See Fig. 1

R CWD 1 3R ot 25, BE A TR b AT, AR A
FERBE. DRI, HAR/ANT 10 em IR TG A4
PTG SR S IR 89% , 18I L & 1) 96 % 5 &1 el VR
ACHR R AR IR B A 829 FH 75 9% 5 28 IR S fi 1l
IR 299% F1 61%

3 W w

3.1 CWD HURFES AR5

AT FEARAE AR 15 A 5 KRB 2 C RT3 % T 4% 114
Zo S S AR (48] R I D) 2k 11.32 Mg Cohm ™2
(% 5), X =85 R T AL PN A EF AR A6 36 i
PR g 5 - il AR AR I i 2 N (Spies et al . »
1988; Harmon et al .» 1986; Carmona et al ., 2002), /=
R M) AR M A AR B )R 2 CGroves
2001, J i 2 Y Ji oz Bk ARty L st 90 AR DA A I e
5 iy BAK IR~ 221 {E (Delaney et al ., 1998)¢

ASCHTRIE I 3 P i BOR PR S AR I
ATy IR A 0 FE Ay X e AR R 2 Y (1) 3 45
B U BIA DI T 0% Ry A ) T L X . ik
T8, AR T o AR, DL RO H i A R 3R 5 R R
ARIET L T E iy 2 B ARAMAFAE R EAE R 32 22
JR A ( Veblen & Alabacks 1996; Dobbertin et al. >
20010 £ KUNT LA 1 350 5 T 1L B AR DR 4 X e e
WY ICEMEFREE T 1, A5 5 R ARSI R ZE T 1
IS, 3 0 PEBE R ARG B B DRI, A2 S5l 1L
EAR DR AP DX ARSI R v, SRR ME AR T ) B 4
2037 76 T T PR B AR BT T T AR B, X R
L AR 5T 4518 — 3 Clark et al.» 2002).
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Table 5 Comparison of CWD biomass in various forest ecosystems

CWD " f& CWD biomass (Mg C*hm~2)
IR Logs Fi VAR Snags
FYIME Mean  JEMH Range  “FIIMH Mean i Range

25 3Tk

References

i DX e AR bR I B

Region and forest type Successional stage

JESE CPGHE  OEF AR LR
Coniferous forests North American Early-mid 16.50 7.00 ~26.00 13.50 9.50~20.00 Spies et al ., 1988
(West coast) (40 ~ 195
Zhe
Old-growth 31.50 27.00 ~ 36.80 27.00 20.50~31.50  Spies et al.> 1988
(200 ~ 9000

41 4]
Early-mid 8.00 2.50~16.00 3.50 2.00~6.00  Hamon et al., 1986
(10~ 83)

Bl SN

Deciduous forest> North American

Zi
Old-growth 12.50 8.00~19.00 5.50 - Harmon et al ., 1986
(200 to >300)

2 (Harvard RO B A& 1K EF AR
Coniferous and deciduous forest, Coniferous forest 20.40 - - - Currie & Nadelhoffer, 2002
America (Harvard forest) (N/A)

AR
Deciduous forest 13.80 - - - Currie & Nadelhoffer, 2002
(N/AD

LR
Early-mid 15.00 4.50~21.00 29.50 2.50~84.00 Carmona et al., 2002
(11~ 112>

AR i b

Evergreen broad-leaved forest> Chile

Old-growth 23.50 15.50 ~32.50 63.00 6.50~174.50 Carmona et al .»2002
(133 ~ 2000

e [ 1 g X T B IR 1 AR AR L1
Successional  subtropical ~ forests, Early 0.05 - 0.05 - ZK3C This study
Southern China (70 ~ 80)

LR ]
Middle 7.80 - 0.90 - AL This study
(70 ~ 80D

et
Old-growth 11.30 - 1.90 - A3 This study
(> 4000

TR AP AR Ml #A S b Zhe
Lowland tropical rainforest> Aus- 0ld-growth 4.70 - 1.80 - Grove, 2001
tralian (N/AD

ARG AR
Forest after logging 3.60 - 4.70 - Grove, 2001
(N/AD

AR
Secondary forest 2.50 - 1.80 - Grove, 2001
(>90)

7% Y B P A RO 0.70 0.06~1.37 1.20 0.33~2.10  Delaney et al.,1998

Tropical thomn woodland, Venezuela

Z2 4 B s Bty T AR AR 1.45 0.99~1.66 2.40 2.09~2.70  Delaney et al.,1998

Tropical very dry forest; Venezuela
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K5 (4 Table5 (continued)

CWD Jt”5 CWD biomass (Mg C*hm™2)

o DX B RN Y W B

Region and forest type Successional stage

AR Logs i VAR Snags 553k
- — References
SEYIMH Mean V0 Range  “FIMEH Mean Y[ Range

2 W i b Al TR AR

Tropical moist transition dry forests Venezuela 1.40
22 A Jit o FA P AR 740
Tropical moist forests Venezuela '
22 A Fiit B BTG 1L T AR AR

. . 10.70
Tropical lower montane moist forest, Venezuela
22 A Jit B FAGHT 1L 3 T AR AR 13.20

Tropical montane wet forest> Venezuela

0~5.70 3.30 1.26~6.95  Delaney et al.,1998
0~22.60 16.70 10.90 ~27.60  Delaney et al.,1998
4.10~26.30 21.20 10.32~38.31  Delaney et al.>1998
2.95~23.40 17.30 6.73~27.73  Delaney et al ., 1998

K6 AFBRMIA LI HCR LILA 100 g~ T D5 BRI AE, 2002)
Table 6  Amount and composition of soil microbes in successional forests (10°*g™" dry soil) (from Zhou et al ., 2002)

LI

Soil microbe

R RARK

Pinus massoniana

R VR RS A
Mixed coniferous

R AR

Monsoon evergreen broad-leaved forest

forest broad-leaved forest

AP B Microbe amount 1.168 0 1.365 0 2.0850
A Bacteria Hri Amount 1.0340 1.1570 1.9530

T 53 Lt Percentage( % ) 88.53 84.76 93.67
LI Fungi Hr i Amount 0.097 3 0.1220 0.066 0

T 53 Lt Percentage( % ) 8.30 8.94 3.17
JBZZ B Actinomycetes Hr Amount 0.036 9 0.086 2 0.066 0

T 73 L Percentage( % ) 3.17 6.30 3.17

XA T ANRNE BB BOR AR CWD I IBFITR (2003 )FRIE [ il 1 2 0 AR AR ) 45 1 — 2.

W1, CWD FRIE BBl I B A 2R AT S I e . X —
SR 5 UL AR PR SR IT ST TE (Y 5 AT AE 7 575 Ul
A RRAR CWD 1R d i Bt IR W 52 2130 Ak bk
(Idol et al.,2001: Spetich et al., 1999; Spies et al .,
1988; Carmona et al ., 2002). IX— 25— 77 M5/
HFE CWD BT REA L, 5 — Tl S T
PEHIBEA Ko AW IR B FF LA
ATIKIE 60 FZ A

AR LI, — >l HE SRR i T B
270 m* FIARES VG A CWD Iy 3.8 Mg CURE
F4E,2003b) . E AR BRI CWD i
/DT HREVEHEN CWD 5. 3X 5 il A7 208 AR Ak

HCWD (1 5 R 5 Al 2 73 A1 #— EL(Mullers

2003)

7 WU SRR AR CWD IR R 2R 4 s B HH bR
sk L RN ) SE S, R PO RAN R HETE 2
ZE R SRR BRI AR, AR R B
I3 YR 319 OF B S, 2003a), (HILXS CWD
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