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Woody debris storage and its distribution in a dark coniferous forest in the
alpine-gorge area
XIAO Sa, WU Fuzhong, YANG Wanqgin“, CHANG Chenhui, LI Jun, WANG Bin, CAO Yi

Key Laboratory of Ecological Forestry Engineering , Institute of Ecology & Forestry, Sichuan Agricultural University, Chengdu 611130, China

Abstract: Woody debris, including coarse woody debris and fine woody debris, constitute a large component of forest
biomass and play an essential role in forest biodiversity and material cycling in many forests. Many studies have been
focused on the function, decomposition, formation, and storage of coarse woody debris, and their relations with forest
regeneration under altitude 3000 m. Woody debris especially fallen and dead trees are often involved in the formation of a
forest gap and forest regeneration, showing different distribution patterns from the forest gap center, and gap edge to a
closed canopy. Compared to other forests, the dark coniferous forest ecosystems above altitude 3000 m can be limited more
strongly by low temperature and natural disasters; therefore the forest regeneration can be more dependent on woody debris.
Far less information has been available on woody debris storage and the distribution patterns that are affected by forest gaps
in the dark coniferous forest. Accordingly, foe this study, we selected a typical primary forest of Minjiang fir ( Abies
faxoniana) in an alpine-gorge area in the eastern Tibet Plateau and western Sichuan. We analyzed woody debris storage and
its distribution characteristics with different decay classes and diameters from forest gap center and gap edge to closed
canopy. The results showed that woody debris storage was —353.00 t/hm” in the dark coniferous forest, and which in closed
canopy was greater than that in forest gap and forest edge. Log showed the greatest storage compared to other coarse woody

debris, and stump storage accounted for less than 1% of total coarse woody debris storage. The woody debris whose diameter
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is greater than 40 cm accounted for 76.15% , 74.55% , and 75.68% of total woody debris storage in the forest gap center,
gap edge, and closed canopy, respectively. No significant differences were observed in coarse woody debris with different
diameters in the forest gap center, gap edge and closed canopy. The storage of woody debris with diameter 20 cm - 30 ¢cm
was significantly greater in the forest gap center than at the forest edge. The storage of woody debris of decay classes III and
IV accounted for 50.02% in the forest gap center, 55.84% at the gap edge and 62.90% in a closed canopy. No significant
differences were found in coarse woody debris of different decay classes in the forest gap center, gap edge, and closed
canopy. In contrast, the storage of woody debris of decay classes IV and V at the forest edge was significantly greater than
that of other woody debris with three decay classes; the storage of woody debris of decay class IV was significantly greater at
the gap edge in comparison other woody debris to four decay classes. In addition, the proportion of log and stump storage
was relatively smaller in the forest gap center in comparison with a closed canopy and gap edge, but the proportion of snag
and fine woody debris storage was relatively higher. Furthermore, the coarse woody debris storage of a lower decay class was
higher in the forest gap center, whereas those of higher decay classes showed significantly greater storage in a closed canopy
than in the forest gap center and gap edge. These results should advance the understanding of material cycling of woody

debris during forest regeneration in the ecosystem of a dark coniferous forest.

Key Words: dark coniferous forest; woody debris; forest gap; storage

ARJFRR (Woody debris, WD) EE A8 FR A2 RGP EIKR A7 A HAE R KA A S LA AR 1A ( Coarse
woody debris, CWD) , LA K WEARSR i FI/ IS A5 4l AR SO AR ( Fine woody debris, FWD)  BLABUER AR (5 1 AL
JRA R 19%—A45% B R MR 19%—21% , AMUSFRIRAE S A RGN 28 FR AR 107 EBLAE AR
RGP EAGIE KIS AW 2R AR R 5 0 A5 i LA T4y AR A
LA A oY R BEOCTEAMUAR BAR AR I T RE > A7 TR BRI RRAED g DL R AR i 1
SR AT, LA IX SR F2 AR AE 3000 m DATR A2 IR 9 B2 IR, T 3000 m A i 1Lk
A DX AR AR S R G AR eSS , AR BT S MO BUAR 1) 3 . AL SRIRBE 2R T IR R SR R R
SR ARG A SR IEA T AR B4 7= A A e e Bt 2 P T B 3k S BRI A9 AR I B AR 401 A A AR MR R
SRRt A B R FRAT . B TR BERAA 1 S AR I A GORD B AN [ T AT AR TS & E AR
[ e R AR B A A R S R BT B AR B T T AR B YA G . AT TR AU TR Ak A
TEMRTT MRGE KT B0 A R AE AT F) T B AR MO 7 R G I 2 b i B B/ P g AT T 1 e X s
PR R (BB = N OCE ,

DUV 5 LIRS DI B bR AR 285 28 8 A K Y075 38 i AR 5, 2 T ] 27— JRObAR DRI 3 v 1t s E A X
) R 2H R, AR DI AU A K AR A KR R A ) 2 R DR A T T RAT AN a1 T
ftS BRI RN N VEREER T MOM R TR SR T PR R Bl AR AT R B i E R B
77, AR #trf R Bsk A B it 1 d B i A B8 K IRRVE 33 8, (EUPR 7 X A SB35 A4S 114 52 e BF 5% 40 A 6 5k
Zo AU TEC AW RN L LIS )1 P (e 45 IXUR VT2 A2 (Abies faxoniana ) JF IR MABFFERT 4 | 38 128
WFFE I E I AROR BT AR A B HCAEAR BT MRSk R 09 30 A RRAE  TA TR R L ey X I S AR AR S R G rp R Bk
AR it i S L A3 A, S B v L DA DX MR 28 R e AR A R P A Rl

1 ARRESHARAE

1.1 A XA

AR X I A T DU A8 BT K 2 SR R4 X EE YA (E102°53'—102°57',N31°14'—31°19") , Hb ik
TR e J — U )| 3 b o bt DO R (L b 7 DXk BT AR 180 km® XIS B — A T 2 MR i A
Bl AR _E T AR IR B R FE R I ZE AT MK TR 0 B A A KR AR X A S
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SEWAER R RIC %, XN AR BREE N 2—4 C R 23.7 °C, B ARIRE A -18.1 °C, FREmwFEE
TR e FE R AT A2 K, K270 801 mm—850 mm , 48 K ZBE R HAE 5—8 H o 32 MBS |, IX S P T
B A TR H MR oKD AURIES BT REH R WL AURERE 2 2%, LRI
B BRI R AT R R, RIS RS I 4—6 H L RREE I . HEERE ZE, FE ORI+
( Cambisols ) FUFTAL 1= ( Primosols) , A1k A& &2 IR R YRR, AH 0% T BT B 5, LR AR 55 il
WP R o5, B AR B Bl 1 o 57 M UR VTR A2 (Abies faxoniana ) AR AR RIS AZ FIZLHE ( Betula
albosinensis ) TR ACHK MRTTIRFZ IR A
1.2 W55

ARG EE R HAL =25 cm E@ﬂ(ﬁﬁfﬁt, 454 Harmon'"! 1Y 43 255 v A1 3R [ 3 38 % 60 K1) 0
HEIORT K 2.5 em < EHA<L0 em WA TERASE R ANA TR K B =10 em WA TERANE A TR
FEUCIERT b AR AR PR AR AE AR AR S R G RS R B, i — 20 43 MBI K (Fallen log) \Afi37 A (Snag) |
FRAE (Stump ) FIKAGEL (Large branch) o 2 7 SEABEAT XI5, 4l LA 12U E AR 45 © Mk Hig =
10 em, KJE>1 m A TERIS s S A B HARRFAEARL, B BE <1 m 952 SORARAED™ " [l ARl B 1 2R
MBS R G TR IR 53 9 3R 5251525 ROl ATF5 7 I3 R (8RR R A R 7 I o2 2 g a1 St
WG BTIRARSE R 1 58 B e AR B2 AR BEHR B RS T, 2 75 45 HE B AE ) 25 Dy T R o L A
FE o PERIAEM T BORIE— DAL SRR R0 0 TR, B T 9B E  JER L 1 4F 5 10 90 JF ORI i, /1
DI IL mm T 25 /N TTRTHIE 2 ems IV G /N TTATRIFE 2—5 em; V 9 /NT TR BRI 22 AR BA
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TAREE AT RN IR BT, FOC sk HAEAE DT NI TR a3 % T (I | T 92 45 R it MR B g 44, B TBe] 4%
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Fig. 1 Sample area and forest gap schematic
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1.3 RIARBRFEAR AR5

RRAEAFFE 1Y, 7625 B A G SCHR A Bl [ 3R LA T 4 S A 2R TR T 5k M (0 AR L BIR A ST
AR AT A XS T A DT ARBER R BUR S BAE AR A R BLA SOR AT IR, AR A 5C
LU

EARMIRBIS AN o V = m(d, +d )L ()
AR BI R A RN L V = DBA x H x f (2)
KA AR AN ™V = (4, +dy* + d, )L (3)
WBE RS ARN V= (d, +d,)H )

X VAR (m®) 5 d, AR ER (em) , dy AL ER(em) | d) AP ER (em) 5 DBA A6 5 Wi R
(m?) 5 H ARG AHRME S BE (m) 5 L IR FIRAGE B (m) 5 fATEE(HL0.45)
1.4 AR 55055t

K H Microsoft Excel 2007 #4351 78080 B9 25 B AR ], PRE RS AR 45 Fl 218 700 Joft 56 4K 1) i 1 2 LA
HAERE R H ], B0 AR SRR AR i i . R SPSS 20.0 SR EAT ST 40T, R B R 2 5 2250 1T (one-way
ANOVA) HEHRET MRSk T AFZEY KR 259 AR 22 5

2 ERES

2.1 RJFERAR E A

LT R HA AR A RS R MO AR BT AR 3058.74 m? , AR AL R 2667.29 m?, AR F T AE 34K
4273.97 m*, G563 1 AR R ey RS BT AROR BT8R At 52 53.00 v/hm? , L AR S it & 50.46 v/
hm? , MRkttt 36.58 v/hm? MK Fff 4 65.07 vhm?, H DMK R ok, MR R 2, MG i /N, MR PR
R BIAR  2 m THAB A 435115k 72.37% ,72.74 Fil 83.56% , IRME FL Bl d5c /N, AR 1%, FAXF TR Rk
2% PR ARG SR LU AR R AERARATE LU ATIAR T AR, SR, RS R 4 A JBT B A4S L 451 DA AR AR X 45 i
MEWRZ T e/,

®1 BHHMARERBEARRERENEE (/hm®) RESE( %)

Table 1 Storage and allocation of differenttypes of woody debris in the dark coniferous forest

WA Forest gap ME Forest edge MF Closed canopy
For
Type fif it el R fitr it el AR fiff it el SRR
Storage Ratio C.V Storage Ratio C.V Storage Ratio C.V

fEIAR Log 36.52Aa(13.48)  72.37 36.89  26.61Aa(18.44) 72.74 69.30  54.37Aa(32.28)  83.56 59.37
FAKHL Branch 2.51Ab(2.55) 4.97 101.36  2.61Ab(0.27) 7.14 10.22 1.69Abc(0.75) 2.60 44.28
HHSLAR Snag 6.23Ab(5.93) 12.35 95.31 1.17Ab(1.28) 3.20 108.76  4.14Ab(1.87) 6.36 45.10
HRAE Stump 0.09Ab(0.04) 0.18 49.52 0.14Ab(0.24) 0.38 173.21 0.38Ac(0.54) 0.58 141.37
4 >
,Hﬂﬂiﬁﬁﬁi . 5.11Ab(3.49) 10.13 68.30 6.05Ab(1.79) 16.54 29.53 4.49Ab(0.03) 6.90 0.77
Fine woody debris
b8

50.46A(8.66) 100.00 17.17  36.58A(17.81)  100.00 48.69  65.07A(34.61)  100.00 53.18

Total storage

155 N bR 22 , RPIAR R NE T REROR B35 2257 (P<0.05) o [AATARIRS FHRR B35 225 (P<0.05)

2.2 AEEGHA SR A a5 H A
o LI 25 DX IS S e BACREL A 3 % A7 P - Bt o AR R ) B TS W 184 K, 10—20 em .20 em—30 cm 30 cm—40
em 40 em—50 em F1>50 em AORETE R0 2.20 /hm® 3.50 t/hm* 3.98 t/hm” . 12.76 t/hm*F1 25.47 t/hm*( %
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2) o NERGAA TR A ETEMRE ARG AT ZET0 0 2% 22 5% (HMARE B B LU AR KT 40 em (94
AR 3, 535010 76.15% [74.55%F1 75.68% . ARET 20 em—30 em HYMUAEAE & 025 o T ARk, MRET AR
TRT 50 em AR BTERAit i 5 HAMAR G0 A fift B AH TE 22 5 0 35 K%k 40 em—50 em FIOK T 50 em HYfiff &
5 10—20 ecm .20 em—30 em 130 em—40 cm BIfGEAH EE, 43 35 2 W 25 K F . 10—20 em F120 em—30 cm
A BT PEARGAR XS B i, PR AR B  AHXS ARG AR T FRET N 30 em—40 em F1>50 em B HGIAHXT 85
AR AR B, PGt/

F2 BEHMAREXRBERRZREEREAMR(t/hm?)

Table 2 Diameter class and components of different types CWD in the dark coniferous forest

10—20cm 20—30cm 30—40cm 40—50cm >50cm
ey (AL
Type Position fifg ik e fifg ik He fifg He fifg ik ER17] fiti el
Storage Ratio Storage Ratio Storage Ratio Storage Ratio Storage Ratio
fHIAR Log ME FG 0.88Ab 2.41 1.94Ab 5.39 2.63Ab 7.20 5.97Ab 16.34  25.08Aa  68.66
W&k FE 1.02Ab 3.83 2.13Ab 8.01 1.30Ab 4.89  11.05Aab  41.54  11.10Aa  41.73
T cc 0.84Ab 1.54 3.05Ab 5.61 4.19Ab 771 16.91Aab  31.10  29.38Aa  54.04
KAHikE Branch — #RE FG 1.45Aa 57.77 0.87Aa 34.66 0.19Aa 7.57 0Aa 0 0Aa 0
W&k FE 1.11Aa 42.53 0.41Aa 15.71 0.93Aa  35.63 0.16Aa 6.13 0Aa 0
MTF CC 1.06Aa 62.72 0.56Aa 33.14 0.07Aa 4.14 0Aa 0 0Aa 0
Mz A Snag ME FG 0.07Aa 1.12 0.86Aa 13.78 1.68Aa  26.92 1.88Aa  30.13 1.75Aa  28.04
& FE 0.04Aa 3.42 0Aa 0 0Aa 0 0.29Aa 2479  0.84Aa  71.79
T cc 0.14Ab 3.38 0.30Ab 7.25 0.40Ab 9.66 0.16Ab 3.86 3.15Aa  75.85
FRAE Stump M FG 0Aa 0 0.04Aa 44.44 0.05Aa 55.56 0Aa 0 0Aa 0
MLk FE 0Aa 0 0Ba 0 0Aa 0 0Aa 0 0.14Aa  100.00
M C 0.02Aa 526  0.03ABa  7.89 0.01Aa 2.63 0Aa 0 0.32Aa  84.21
At Total ME FG 2.40Ab 5.29 3.74Ab 8.24 4.55Ab 10.03 7.85Ab 17.30  26.83Aa  59.14
M FE 2.17Aa 7.11 2.54Aa 8.32 2.23Aa 7.31 11.50Aa  37.68  12.08Aa  39.58
T CC 2.06Ab 3.40 3.94Ab 6.50 4.67Ab 7.71 17.07Aa  28.18  32.84Aa  54.21

AT ARG 5B 45 5 2 5 (P<0.05) . BRI K S 7 13 5 3% % 5 (P<0.05) . MBI FG, Forest Gap; #i#% FE, Forest Edge;
CC, Closed Canopy

2.3 OR[EE RSO TR AR 1 S LA

W 3 Fizw, i L7 DX AT MORLA sk A4 T 21V SR 4890 i e i, 1 2V SO sk (4 1) il
2390 27.68 t/hm* ,80.27 t/hm” .100.03 t/hm? . 188.22 t/hm” F1 82.88 t/hm”, /A [f] Ji& £ 25 JOk A i 5k 14 i
HEEME MZE MR ZRJE % 22 5, Fod BRE AR DA IV 53 90k 32 MR LIV AN V 23 90 3
D5 22T R PR G rh & A O fit e 2 IR TG W 3 25 5 PR IV T V R i fidd o 5 LU B2 S At AR LG, 40
AR BN K AR IV S i o 2 e T A 4 ARG, AR TARGRIAR T AR T AR 3w, IV
2 LA AR X A, T IV 2 LB 7E AR T AR X A s

3 e

3.1 RFRARAH R FFIE

1o LR A DX A AAOREL A T 8 A 1 A i Y 000 T S8 P 9 I RRIT g 2 BR 0 A R AR 22l i T[] A
SRR R ) P FF B 2 R b T 0 TR S A R bR 20 (AT T S 4 1 P bR R 555 78 755 JB oL 1L v A2 D
FRE2 SR PN AIESE AT MR BB ARt i AR 2 277 (6 4) o i LLBRAS DX I B It ARORLAC B B 1 A 1
H I AR BT ML BT 5R M4if 1 (0.09—91.75 t/hm?* ) Z[A] (37 TR AR 7328 28 R GURLAR Bk A4 i (5—50 v/
hm?) (9 ERR Xl Tl RSO0 | BEE R A T, TR R AR, AN T 20 i AR T AR B A 0 B A 35
JIF LA BB K 1) 43 Al S AR AN | BRAF IR, T AR R 45 28 AR AR K 52 L K SRR P DX I B e 45 SR
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TRPIYZEE Sk A B B AR R RS BRAZ AR AREAC S E AA A  BEE EE BAC ) T e TR A, el L DX o
R R A A B M i e 2 SRy FRMRAE 5 R BRI o 8 10 35 P, A SR R 43 i O 030 2 — A U R LU
AR ARMAESRG CO, M R, LA, St i A v RE I T M AT HLBR O AR AR -3 T A L
BRI EBERIR | B S R R B R AN TS T b A G WV i HE A S R G, HE— 2 S RO B R 4 A
TAAE AR T e LA DA bR AR 2R R A

£3 EHHRRERBEARRREEEZERER(/hm*)

Table 3 Decay class and components of different types CWD in the dark coniferous forest

) X I Il I v A%

- T S T T T
Storage Ratio Storage Ratio Storage Ratio Storage Ratio Storage Ratio

IR Log M FG 6.12Aa 16.75 3.91Aa 10.70  10.86Aa  29.72  9.25ABa  25.31 6.40Aa 17.52
W& FE 1.41Ac 5.30 0.05Ac 0.19 3.49Abc  13.12  13.11Ba  49.27  8.55Aab  32.13

HTF e 0.62Ab .14 10.56Aab  19.42  10.29Aab  18.93  28.13Aa  51.74  4.77Ab 8.77

KK Branch KB FG 0.65Aa 2590  0.82Aa  32.67 0.45Aa 17.93 0.42Aa 16.73 0.17Aa 6.77
Mk FE 0Ac 0 0.74Aabc  28.35 0.99Aa  37.93 0.10Bb 3.83 0.87Aab  29.89

T cc 0.13Aa 7.74 0.26Aa 15.48 0.50Aa  29.76 0.10Ba 5.95 0.69Aa  41.07

#i37 K Snag ME FG 0Aa 0 4.07Aa 65.33 1.48Aa 23.76 0.01Aa 0.16 0.67Aa 10.75
M FE 0Aa 0 0Aa 0 0.04ABa  3.42 0Aa 0 1.13Aa 96.58

T CC 0Ab 0 1.17Aab  28.19  0.31Bb 7.47 0.64Aab  15.42 2.03Aa  48.92
MM Stump ME FG 0Ab 0 0Ab 0 0Ab 0 0Ab 0 0.09Aa  100.00
M FE 0Ab 0 0Ab 0 0Ab 0 0Ab 0 0.14Aa  100.00

MTF ce 0Ab 0 0Ab 0 0.34Aa  87.18 0Ab 0 0.05Ab 12.82

41t Total B FG 6.77Aa 14.92 8.80Aa 19.40  12.79Aa  28.19 9.68Ba 2134 7.33Aa 16.16
W&k FE 1.41Ab 4.62 0.79Ab 259  4.52Aab  14.81  13.21Ba  43.27  10.60Aa  34.72

T cc 0.75Ab 1.24 11.99Aa  19.79  11.44Aab  18.88  28.87Aa  47.65  7.54Ab 12.44

AT A RN TR R B 22 57 (P<0.05) . RIS K5 74 98 .3 %2 57 (P<0.05) , ARE FG, Forest Gap; #k% FE, Forest Edge; /T
CC, Closed Canopy ,
F4 FEAEBHFHRESRGEEARZEEE(/hm?)

Table 4 Storage of coarse woody debris in different types of forest ecological system

WF5E X3, Study area FREMRIEHY Forest type CWD fifi it Storage/ (t/hm?) WK Altitude/m
T R T L ) VRS bk it bk 91.75 3020
VA2 LR 71.72 3080
Y AZ ik 50.45 3050
B> P Z AR p 79.80 1680
USA# Theropencedrymion 4.57 —
Ecuador' % Evergreen montane forest 9.10 1950
Costa Rica 2/ Tropical rain forests 46.3 —
Changbai Mountain ¢ Picea, Pinus, Abies forest 53.40 1260
America "] Douglas—fir forests 52.00 -
AIHTFT IS AREY ALY Y 53.00 3580

AR A i fak 32 R A SO B A 14 A it e A EL A P A AR O R BBR R R B A
A0 T A A SR A ) S A S T AR X U B | T LA T2 Ak = M TR A S e AR i 5 1Lk
A% DX B MR AR A it B2 o3 A TS (A R Y 86.64 % , U W A O i 2t J2 52 W AR Bl B AR i A RO E 2838 0 . AN )
IR R AR , HAR R/ NR B AR ) 3 A R el L2 DI P AR B AR S2 A LA A2 >40 em Y
o E ARG B T EEARPAE 1030 em, BRI AR TR MR 1 53 A2 — R R YRR TR
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5 3] FRI A R LR DX AT I AOA S A ik B L3 A AR 7

TEANNR] 2= T BRI SR A ) 7 i ik 1A iy 22 57, T EL 2 A AR MR | A ok 3 b | - fige I [ A, A7
BARAEZS R GE I DB RUAR ST At B e Ly e 5 DX B I R ] 288 L A S 3 A 2 45 2
AT AR (ELE R UL, w8 L e 25 DX B OB B A LA TR IV 12 2 4 22 X 5 B A IF SR 21
JEJEE R Ry AR
3.2 RJEFRAR B AT RHIE

1o LA DX A Pt PR A 5 3 S P i A R B AR R T ARG/ N T ARE (R R R B 25 K1, IR AR J 5k
PRI 432 Pl AR AR B IR LR S gt R 1) o 2 AN SRR B L (R P T 2 PR vP A ST A 1 £ /)N
T, ULBIARET B R 1 AR BT A A 3 A 1) 23 DT/ 17 AR Sk S ) fi e, o PR Ry B T O HEZ i
AR TR TGRSR KA A GRLBE SRR Y R T A G B, IR T R E A ) 2 S BOAR T ok
PRAif B 22 5, B AR BN ARET vh AR DGR AR A At bR TR S ()R B0 O R B PR B AR T 1) AR AL R AR A5 A
AT PRI BT, R AR A B BIAR AT IR RGSE S In TARE N AR SE R B, ARETIE LS 98gE T T
T AR A B R SR (80 A RIARUATE 18 20 K T AEE Tl b 1 B FIARAE R it i, A2 2 M), AR T
MR ARG (T ) ARTER AR FL BRI B, BT IV IR AR A 5 (A F) LA AR R 45
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