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COARSE WOODY DEBRIS BIOMASS AND ITS POTENTIAL CONTRI-
BUTION TO THE CARBON CYCL E IN SUCCESSIONAL
SUBTROPICAL FORESTS OF SOUTHERN CHINA
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(1 South China Batanical Garden, Chinese Academy o Sciences, Guangzhou 510650, China)
(2 Graduate Schod o Chinese Academy o Sdences, Bejing 100039, China)

Absgtract Coarse woody debris (CWD) in fores ecosysems provides critical habitat for many organisms,
maintains a hedthy fores sructure, and is inportant in the biogeochemica cycling of carbon and nutrients.
However , the characterigics and ecologicd functions of CWD are poorly documented and undergtood in the
subtropica foreds of suthern China. In this sudy , the amount and characterigics of CWD in three typica
forest ecosysem types in outhern China were invesigated at the Dinghushan Nature Reserve. These foreds
were selected to form a successona sequence with a Pinus massoniana fores , a mixed coniferous broad- | eaved
foreg, and a nonson evergreen broad-leaved fores representing early- , mid- , and advanced- successond
dages, regectively. Both the Pinus massoniana and the mixed coniferous broad-leaved forests developed on
artificial  Pinus massoniana plantations planted in the 1930s. Neverthdess, these two foregs were at different
successona dages. The Pinus massoniana fores was harvesed for ledf/ neede litterfdl , CWD , and under-
gronth until 1990 whereas human interventions were excluded in the mixed coniferous broad-leaved forest. Re
aults indicated that human digurbance drametically atered the successonal process of the Pinus massoniana
foreg and its eoologicad functions. Totd aboveground biomass was jugt 35 % of that of the mixed coniferous
broad-leaved foret. The number of tree gecies that contributed to CWD increased along the successond s
quence with 7, 18 , and 29 eciesin the Pinus massoniana , mixed coniferous broad-leaved , and nonsoon ev
ergreen broad- leaved forest stes, regectively. There was anpst i OWD (0.1 Mg C- hm™ %) in the Pinus
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massoniana forest , while WD ampunted to 8.7 Mg C- hm™ 2in the mixed coniferous broad-leaved forest and
13.2 Mg C- hm™ 2 iin the nongon evergreen broad|leaved forest , representing 9.1 % and 11.3 % of the total
aboveground biomass , repectively. Only about 10 % of the CWD was ganding in the mixed coniferous broad-
leaved and the nonsoon evergreen broad-leaved forests, suggeding that sudden fores caropy gaps created by
faling or sngpping of trees might be nore important than gradua gaps formed by danding dead trees in the
successon of these foreds in this regon. Although the deconypostion rate of CWD was relaively fag , it was
dill comparable to that of the il organic carbon in the region , suggeding that CWD can play an important role
in the goba carbon cycle. Keegping CWD on the fores floor is a critica grategy for maintaining forest produc
tivity and inmplementing sugtainable fores management in southern China.

Key words Foreg successon, Carbon sorage, Human inpact , Subtropical fores , Dinghushan Nature Re
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Table 1 Description of gudy dtes
Fored type Quccesdona sage Sand age (a) Years under protection (a) Aot sze (mP) Biomass (Mg- hm™?)
14 (
. ' 60 80 (
Pine massoniana fores  Early- succesdon 0 1997, 2001; 10000 ,1995)
,2002)
261 283 (
Mixed coniferous Mid ion 70 70 1 200 ,1994 ;
broud-|eaved forest ,2003)
>400 ( 2
Monsoon evergreen . > 400 10 000 308
broact leaved fored Advanced- successon ,1999)
1) (1995) , (1994) , (1997) Mean biomass ca cul ated based on Peng

& Fang (1995) , Peng & Zhang (1994) , Wen e al. (1997)

1)

2 CWD
Table 2 Jasdfication sygem o CWD decay clasesin foreds a Dinghushan Nature Reserve
Decay cdass
Character Early Intermediate Advanced
Leaves Present - - - -
Branches and twigs 3cm 3cm , -
, , , Ab- Absent o twigs,
Twigs less than 3 cm Twigs less than 3 st o twigs, large large branches partly
present, large branch-  cm  patly present, branches present, but  present
es keep intact large branches keep in- npsly broken
tact
Bark , Intact , , In , Part- , Trace pre- -
tight tact on thewtole, tight  ly present , loose *nt , looe
Wood conr Slid Slid Semi- olid , ,
ddency Party ©lid, breakable St , powdery
Moss and -
fung 25 % Qover less 25% 50 % Qover 50 % Qover nore 50 % Qover nore
than 25% o suface 25%- 50%d sufece than 50% o suface than 50% o suface
area area area area
- - - In In
Invading root sgpwood heartwood
1) (1998) (2997) Qllins(1982) Adapted from Sllins (1982) and following Wen e al. (1998) and We &
a. (1997)
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3 CWD
Table 3 Edimetion CWD hiomass in successond foregs a Dinghushan Nature Reserve
Successond dage
( ) ( ) ( )
Early ( Pine Midde (Mixed coriferous Advanced (Monsoon evergreen
massoni ana foregt) ¥ broad | eaved forest) broad |eaved forest) ?
Totd living biomass 40. 605 116. 180 147.80
(Mg C- hm™?)
QWD Shags 0.054 (0.071) 0.885 (0.604) 1.896 (0.026)
CWD biomass
(Mg C-hm*?) Logs 0.048 (0.068) 7.827 (5.814) 11.316 (0.239)
Totd 0.102 (0.095) 8.712 (5.672) 13.210 (0.239)
1) (1995) Daafrom Peng & Fang (1995) 2) (1997) Daafrom Wen e al. (1997)
Sandard error in parenthed s
WD 79 %, , (Litsea
CWD c rotundifolia) ( Cryptocarya concinna)
: OWD WD 7% 5%

C\D , C\D
0.3%,9.1% 11.3% 47 %, ( Castanpsis chinensis)
2.2 ( Cryptocarya chinensis) ( Schima superba)

WD : 2, OwWD 26% 13% 8%
1, 6%
O\D 53%, 2 100 S
o N
47 % g . Q\\\§\§
, QWD 80 el \\\\ /
0% 87% = N\
2.3 OWD 22 60 \
' B8
oWD (1, "ﬁg e
B
oWD( 2 ) 2% 10
:! A E 0
’ S %
3.5%, 3
WD WD 36.1% ;f 0 |
66.7 % 9% % OCAD = A B C
( 2 ), FEA R O PEME o REHHE
C\D Advanced decay Intermediate decay  Early decay
1 CWD
( 2 ) WD Wb 49 %, Fg.1 Rdative digribution of CWD hiomass anong decay datesin
, 6 % successond foreds a Dinghushan Nature Reserve
A: Pinus massoniana forex  B: Mixed
2.4 OAD ooniferous broadleaved forex  C: Monson evergreen
broad- |eaved fores
WD 7 18 29
owD ‘ (9 QWD
88 %, ( Rhodomyrtus tomentosa) , 95 % COWD
( Bvodia lepta) C\D 6% ) CWD
4%, 4 WD 2% 5%, CWD 61%
CWD “ " , 33 % ,
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4 CWD
Table 4 Secies classficaion of CWD

WD CWD biomass

Foreg type Secies (Mg C hm*?) Percentage ( %)
Pine massoni ana forest Pinus massoniana 0.088 88
Rhodomyrtus tomentcsa 0.006 6
Bvodia lepta 0.004 4
4 COther 4 ecies 0.002 2
Mixed Qoniferous broad-leaved fores Pinus massoniana 6. 900 79
Litsea ratundigfdia 0.600 7
Cryptocarya concinna 0.500
15  Other 15 Pecies 0.800
Monson evergreen broad- |eaved forest Cryptocarya condnna 6.200 a7
Castanpsis chinensis 3.400 26
Cryptocarya chinensis 1.700 13
Schima superba 1.000
25  Other 25 gecies 0.900 6
6% C\D , ,
2.5 CO\WD , 10 cm
3 89 %, 96 %;

82% 75 %,;

29% 61%

10cm 3.1 OAD

800 - 3K Snags —o— A (
) 11.32Mg C-hm'?
( 9,
(Pies et al.
1988 ;Harnon et al. , 1986 ;Carnona et al. , 2002) ,

( Qove,

¥ & Number (No.-hm2)
g

2001) |,
5 (Delaney e al. , 1998)

700 1 8K Logs e A

(Veblen & Alaback, 1996; Dobbertin et al. ,
2001)

¥ & Number (No.-hm2)

5 10 15 20 25 30 35 100
% Diameter classes (cm) ’
2 WD !
Fg.2 The number of CWD by diameter classes in successond

foreds a Dinghushan Nature Reserve
A B C: 1 Se Fg.1

(Qark e al. , 2002)
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5 WD
Table 5 Qonparion of CWD biomess in various fored ecosysems

WD CWD biomess (Mg C-hm~ 2

Regon and foreg type Successond dage Logs g References
Mean Range Mean Range
( ) -
oniferous forest, North American Early-mid 16.50 7.00 26.00 13.50 9.50 20.00 Spiese a., 1988
(West ooagt) (40 19%5)
Od gownth 31.50 27.00 36.80 27.00 20.50 31.50 Sies e al., 1988
(200 900)
Dedi dupus forest . North American Early-mid 8.00 2.50 16.00 3.50 2.00 6.00 Hanon ¢ al. , 1986
(10 83)
Odgowth 12.50 8.00 19.00 5.50 - Harnon e a. , 1986
(200 to >300)
(Harvard )
Qoniferous and  decidwus fored , oniferous fores 20.40 - - - Currie & Nade hoffer , 2002
America (Harvard forest) (N/A)
Deci duous fores 13.80 - - - Currie & Nadd hoffer , 2002
(N/A)
Brergreen | forest . Crile Early-mid 15.00 4.50 21.00 29.50 2.50 84.00 Canona e a. , 2002
(11 112)
Oldgonth 23.50 15.50 32.50 63.00 6.50 174.50 Carnona e al. ,2002
(133 200)
Successond  subtropica  foreds, Early 0.05 - 0.05 - This gudy
Suthern China (70 80)
Midde 7.80 - 0.90 - This gudy
(70 80)
Old-gonth 11.30 - 1.90 - This gudy
(>400)
LoMand tropicd rairfores, Aus Oldgowth 4.70 - 1.80 - Qove ,2001
trdian (N/ A)
Foreg dter loggng 3.60 - 4.70 - Qove ,2001
(N/A)
Secondary fores 2.50 - 1.80 - Gove ,2001
(>90)

0.70 0.06 1.37 1.20 0.33 2.10 Deaney & a. ,1998
Tropica thorn woodand , Venezuea

1.45 0.9 1.66 2.40 2.09 2.70 Ddarey ¢ al. ,1998
Tropica very dry foreg , Venezuda
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5 ( ) Tade5 (continued)

owD CWD biomess (Mg C- hm~ 2

Logs

Shags

Regon and foreg type Successond dage = — Veen — References
Tropical moit transition dry forest , Venezuda 1.40 0 5.70 3.30 1.26 6.95 Ddarey ¢ al. ,1998
Tropical moit forest , Venezuda 7.40 0 22.60 16.70 10.90 27.60 Deaney e a. ,1998
Tropical lower montane moig forest , Verezuda 10.70 4.10 26.30 21.20 10.32 38.31 Ddaney e a. ,1998
Tropical montane wet forest , Venezuda 13.20 2.95 23.40 17.30 6.73 27.73 Deaney & a. ,1998

6 (10597t )( , 2002)

Table 6 Anount and composition of il microbesin succesdonal forests (10°% g~ dry oil) (from Zhou e al. , 2002)

il microbe

Pinus massoniana

Mixed coniferous

Monsoon evergreen broad-|eaved fores

foreg broad-|eaved fores
Microbe amount 1.168 0 1.3650 2.0850
Bacteria Anourt 1.0340 1.157 0 1.9530
Percertage( %) 88.53 84.76 93.67
Fung Anourt 0.097 3 0.1220 0.066 0
Percertage( %) 8.30 8.94 3.17
Actinomycetes Anourt 0.036 9 0.086 2 0.066 0
Percertage( %) 3.17 6.30 3.17
CWD (2003)
,OWD 3.2 QWD
, CWD
CWD ( ) (Harmon e al. ,
(Idol e al. ,2001; Setich et al. , 1999 ; Jies ¢ al. , 1986; Sies ¢ al., 1988; Surtevant et al. , 1997;
1988 ; Carnona & al. , 2002) Carnona et al. , 2002; Rowinen e al. , 2002) ,
CWD , CWD ( )
WD
60 ,
, (9mil , 1983; Brown e al. , 1995; Kinoto
270 WD 3.8 Mg C( e al. ,2002) ,
,2003b) COWD
CWD C\D 20
CWD (Muler, 30
2003) ( CWD CWD
CwWD CWD 20 30
, 20 90
. QWD
31 %( ,2003a) , QWD ,QWD
Muller (Harmon e al. ,1986; Aumen,
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1990 ; France ,1997) ,

, Shanner- Wiener 2.7
1.1( ,1998) ;
3
( 2002) ( 6) ;
(1. 94)
0.4 4 ( ,2002)
CWD
3.3 OAD
( , 1997; , 1998) ,
= - In(Xd Xo)/ t(Olson, 1963) oWD
k Xo QWD ,
1992 OWD ot WD X
2003 COWD ( )
oWD 0.031a *,OMD
3R

(Johnon & Geene, 1991; Buse, 1994;
Gaham & Cromeck , 1982 ; Qier, 1978 ; Means & al. |,
1985; Fahey, 1983; Foser & Lang, 1982; Tyrrdl &

Cow, 1994) , Chambers (Chambers et
al. , 2000) (0.102a %)
Chambers ,

CA\D )

C\D

) ) C\WD

3.4 CWD
C\D

10% 20% (Muller &Liu,1991; Harnon

e al. ,1993; Delaney et al. ,1998)
C\WD )
C
awp :
: awb ,
Mackensen  Jiigen (2003)
57 % WD 40
IPCC
( 10 ) (32 )
IPCC QWD
C )
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