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Influence of topography on coarse woody debris in a mixed broadleaved-Korean

pine forest in Xiaoxing’an Mountains, China

LIU Yan-Yan, JIN Guang-Ze "
School of Forestry, Northeast Forestry University, Harbin 150040, China
Acta Ecologica Sinica 2009 ,29(3) :1398 ~ 1407.

Abstract; The relationship between coarse woody debris (CWD) number, existing form, decay class and topographic traits
were studied in a large permanent plot (9hm®) of a typical mixed broadleaved-Korean pine forest in Xiaoxing’ an
Mountains. The CWD density and basal area increased with the topographic position rising; The density, basal area and
volume of CWD trended to decrease from north to south slope. There was no clear pattern between the number of CWD and
sampled slope. A x’-test showed that topography significantly affected density of the CWD. CWD was liked to occur on
ridge, north slope and slope degree of 16 — 25°. The CWD was mainly composed of uprooted blow-down, breakage at
rootstock and breakage at trunk depending on topography. The density, basal area and volume of uprooted blow-down
decreased from valley to ridge, but the density of other existing forms showed an opposite pattern; The density of uprooted
blow-down decreased with slope degree rising, while that of the standing entire dead trees increased; The density of
standing entire dead trees decreased from north to south slope. The falling direction of CWD were not correlated with the
aspect and wind direction (p >0.05). The decay classes of CWD were largely normally distributed with a peak on the

decay class 2 and 3, suggesting that the input and output of CWD was largely balanced in the mixed broad-leaved Korean
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pine forest.

Key Words: coarse woody debris; topography; decay class; dead wood; mixed broadleaved-Korean pine forest

HOTE R RS SR A B A B E B AR 2 — , MR R S AR Rk . HhiE
TE L b AR FE R e - A K A SR G, TR AR R AR E R A [ ARG, B R A A RS & R R
BWEZET . WOrHBBSERFFETHERMESRE ST RMERE. AR TEE T HME
ARFFAE consse woody debris, CWD) FHE TV R BB R ik , 2 S AR RGBS RF >, B
IR BRI M RRER Y, 4l B KBTI BLE BT, CWD f7= A 0 R hbR A 23 ] S R
PETI B HAR BTE R o X BT B A SR FAE CWD N Bk EEE5

FE 5%t CWD B 5% 32 B 45 Hh 7 XK U 3 S0 R0 40 35 T o RS 1 | S N R 1 N IR S AR A i
BRI LR BOR AT ARG AR5 AT K 2413 CWD BT RE, I LS8 IH T & 3EH CWD X4
YL REVERIR A R IR . [ N YA e ST B4 rh7E K T L AT RRIRASAR ™) o 180 1L 2 XU B
FRE2T N CWD BB ARAE S M MR EhZS X KR BB &5 JLAS 7 AT T g, et 2L HEW, B X
CWD MR BAZE] T T IZ BN, (B RH 0 R BRAEB/NM 2 [ RUEE , T8/ NREE T MIBFR R 2 BF R 5 1
R, AR A A B AR s CWD RAEMASFRE M., WERFERN - TEENHREER, BXF CWD f7~
A B MR B o ERIB B, W P& 456 P AT R ST 20

IV LA PR T AR AR 4t DX b P TOURR A e 2 380, Ly o BE SR AR, SR AR AR 0 A T LR
PXHEZRHFAAE . T CWD MMM AES KRG M EZ A RER 53, B BIFFLEXS R i ZDA bR B R
RIEERKEN . HIGE T #5AE XA ™ A E e, B iR il i T 28 2 45 i =5 R i B e . Rt
AR SCARFC T /N B L ] 2T bR Ohm? [ A b, BT (1) CWD ZER AL T 404 5 (2) B R+
XF CWD FAETE A 5 (3) RFHIE T CWD =585 15345, #7 CWD 5HEHE FHX R,
1 HRMWREHRRHE
1.1 W5 XA

A5 SE B M R AE R VLK E R K B SRR 1P X (N47°10750" \E128°57'20") , AR 4P XA F B ILA
FEN, B/ ZIWSEEER R B SRR . TP LB 2%, i LU B3R 707. 3m, 358 N B B ARAK , BRAK
TR 96% , B SR IR R BRI A 4100hm* | Ho AR LT MABKTE A 7 80% , Z A 1 000 000m®, 35 4 FRARIE R
MM, TTEYFMEE , RREIA R T ROBR BRI Z — o ABF5E BT ik AR A T PR 37
X e B, TR K 1 45 b B4k 600m f o 1L L, AZLHA ( Pinus koraiensis ) it 5k , 55 At ) -4 o i 4w
(Tilia amurensis & T. mandshurica) JAME( Betula costata) 7K Bl ( Fraxinus mandshurica) . T F 3 ( Acer mono)
S5 — TR B B AR U Y BB R L AR

A X R IR KRR ERA R, A REE, FUMZE, UREE, FEZRN KD, HKET R,
HTEHER R, KEEMNED, FHIEBMK, RE -0.3CAH, FHEFRR 7. 5C; FHEMIR
-6.6C, A H & A mE KX, F Z LV XGRS
1.2 HRTE
1.2.1 CWD WERERHE R Z

ABFFEAE K B SRR D X Ohm” F I I DA bR K A P [ S B b b 64712, KR8 900 4~ 10m x 10m
HI/INEE T R AR SR MR i 2 . BB IRINT -

(1) CWD fim BERMPRERWFEE XA A& ER =2em 1) CWD #1712, & L ATE R
CWD {0 B4 XHEMR 9 CWD, I & Hrp s AR L & AR

(2) #E CWD WAFTEIER  SARE GERRERMFETR) THETH (T s+ & B < 1m) (T4
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(P B AF 5 BE = 1m) ARAE (SRR EREARL, K EE < 1m) LA BB (KRBTGS, TR H
FEAR) o

(3) W& CWD MK EE(REE)  (CRA Vertex I8 A= P &5 {SGH AT BE G BE I ) 5 50 5 3F4T48
TR T 905 ( DBH < 8cm [JHERE , DBH >8cm HIETRI R, 85 BEFE 12 M ANETREL) s XHEMRIE X CWD BE4 7448
75 Ta) 0 2

(4) BRI BIAREER 53R EL Carmona 7E Sollins 71 Spies 4328 FELA b3 fm TR 3T
REFEARHE N S BAKRE
1.2.2 B iRE

B 10m x 10m FIFETT R 43 BLVIAS Smox Sm /NETT , AR RS/ INEE T 3L, S 1), B BE o o rpr e (o 4
g T 3R LA B A s BB (337.5 ~22.5°,22.5 ~67.5°) , B (67.5 ~112.5°,292.5 ~
337.5°) , 4, B PHBE (112.5 ~157.5°,247.5 ~292.5°) FIFHBE (157.5 ~247.5°)5 NEEF W4 K. <6°,
6 ~15°,16 ~25°, >25° 4 NEEH(E 1),

Wi fik Topographic position Y] Aspect B JE Slope degree
LA HE Valley # T3 Lower slope LI BABENE, N @ 2Bk E,NW % SEHb Flat o <6° i 6°~15°
% £y Upper slope 8 111% Ridge - FHYE SE, W FHi; S.SW W16~25 W >25°

P 1 Ohm? [ 5 RE b AR B0 3B 10 BEBE 43 1]

Fig1 Maps of topographic position, aspect and slop degree distribution in the 9hm? study site
FHEAF S m xSm /pEEJ) Each square corresponds to one 5 m X Sm quadrat

1.2.3 BHEST

FIFH K56, ST A [RISEAE I8 1) B3k BE S oI 4 A4, CWID 0585 B o s W T LR R A A B LA .
i Pearson A% % CWD F¥ 8] ] S35 1] AT T AHIRMESMT 5 T ¢ Ac B XA 80 5 1) 5 Rl AT T A REAS O 25 0 K
o FEFEATAHSCHE AR I AR Hh , KA (80 5 1) (3B 1) 0 XU R 43Ky 8 NS GHAT 4347, B 1(337.5 ~22.5°) |
2(22.5~67.5°) 3(67.5~112.5°) 4(112.5 ~157.5°) .5(157.5 ~202.5°) .6(202.5 ~247.5°) 7(247.5 ~
292.5°) .8(292.5 ~337.5°) , CWD ABIHESH T HPARIHK FEFARA —TTHBART
2 BRE5SW
2.1 CWD fEAR[RHIE T 8534

RFEBEAT CWD WAFARF(F 1) o 4. T L3RI CWD %5 4518 (363 £17.23)N-hm 2|
(364 +10.25)N-hm > (417 £17.47)N-hm *F1(626 £90.48)N-hm >, i) CWD % E &%, IS &,k
BRI T, CWD %% BE A W I i a3 60 v DT TR AR ) 2 A o 2 B T A ) PRy 38, e v 1 G v BT
RS BUAE L ((23.95 £7.43)m™hm ™*) . {H2 CWD AR FREN A F B i [7) 25 182 A ka1 97 i LA )
B, 3K CWD A K ((102. 53 +£12.25) m>hm %), II A # CWD {RF &/ ((76. 80 = 10. 44)
m*hm™*) o LF LA ERS ) CWD B SR 5 B 0 i 1 9 o BT b AR K, LI 33 6 258 1o 3 BT DT PO 3 40 VR % 3 3t
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HBFZIALE, Br AL CWD ARG R IR K . SRR T CWD FR 45 2 | e b T AR (A B g
7T K, R FIIRFAL CWD (9% BE 407 22 4R B3, ms T AR R IR R 40 A R 3% , B2 CWD
0 8 B R A A

M ERFE AN 18 R  BE 1 g W T ARG R AR AR, BRI CWD A e e BB L 2 B 2 FH 2 FH 3%
CWD Fy5 BE i e i T AR AR 2 3 Tl a5 o A RIS T ) CWD F % BE e oo W T AR A AR AT
RE . GERFY AR EIBE L CWD B BERIRF 22 5 B R T AR R AR E . W ERIIAH
BRI H LS R AR E , CWD B340 76 BH 3 A2 A .

CWD fy B0 43 B 1 05 BE A e 2 0 B B . KM B ((421 £18.33) N-hm %) |
Mo E AR ((17.77 £1.62) m*hm ) FAFR((97.41 £ 13.32) m* hm ) AP AR LE 16 ~25° B L% |
Z R0, REIROSEE b CWD f % B 4 A 22 57 .3 | T v OB T AR AR RRZE &% M IWTE T A AR B
M ERFE,CWD EBSMAE 16 ~25°F0 > 25° M3 o

®1 FREMKT CWD BN HR »* -1 (5Sm x Sm F T H#H1THL)
Table 1 Number of CWD and x*-test on different topography ( test for Sm x Sm quadrat)

2RI test
Y Dﬁfty Bﬁéﬁf fﬁﬂ V‘jlijie R E S {2 i ey I EEAE
Topography (N+hm~?) (m® +hm~?) (m®+-hm~?) Number  Observed P Expected P
of plot value Mean value
WL 2+ Hb Valley 363 £17.23 13.42 +£1.34 76.80 +10.44 717 650 0.91 680.75 33.38***
Topographic T3 Lower slope 364 £10.25 15.84 £0.96 91.32 +8.05 2004 1824 0.91 1902.69
position 3% Upper slope 417 £17.47 17.18 £1.47 102.53 +12.25 826 861 1.04 784.24
1% Ridge 626 £90.48  23.95+7.43 95.45+35.13 53 83 1.57 50.32
1] Aspect B3 NE,N 542 +73.61 28.26 £7.01 220.97 +89.98 65 88 1.35 61.71 27.78***
LAY E,NW 415+19.74  21.12+1.98 140.28 +18.24 689 714 1.04 654.17
b Flat 359 £17.22  13.43 +1.41 76.65 £10.96 669 600 0.90 635.18
2 RHE SE, W 395 +14.59 16.38 £1.33  84.37 +9.84 1039 1026 0.99 986.47
FHYE S,SW 348 +13.51 12.68 £1.02  68.43 +7.29 1138 990 0.87 1080. 47
WREE(°) <6 366 +15.61 14.09 £1.30 85.65 +10.11 842 770 0.91 799.43 15.40***
Slope degree 6~15 363 +10.92 15.94 £1.02 93.12 +8.68 1752 1590 0.91 1663.43
16 ~25 421 +18.33 17.77 £1.62  97.41 +13.32 782 823 1.05 742.47
>25 420 +35.73 13.93 £2.12  73.15 +13.87 224 235 1.05 212.68
2RI test
W T8 = T T A Basal area AFH Volume
i Y i Y
oy Nomber Omemed T G s Oheed THH S
of plot value Mean value of plot value Mean value
WL 2+ Hb Valley 717 24.05 0.03 28.29 1.45 717 137.66 0.20 163.23 7.02
Topographic T3 Lower slope 2004 79.34 0.04 79.07 2004 457.53 0.23 456.22
position 3 Upper slope 826 35.48 0.04 32.59 826 211.71 0.26 188.04
1% Ridge 53 3.17 0.06 2.09 53 12.65 0.24 12.07
1] Aspect B3 NE,N 65 4.59 0.07 2.56 0.80 65 35.91 0.55 14.80  97.05***
LAY E,NW 689 36.37 0.05 27.18 689 241.64 0.35 156.85
b Flat 669 22.46 0.03 26.40 669 128.19 0.19 152.30
L [HYE SE, W 1039 42.56 0.04 40.99 1039 219.15 0.21 236.53
BHE S,SW 1138 36.06 0.03 44.90 1138 194. 67 0.17 259.07
WRE(®) <6 842 29.67 0.04 33.22 1.00 842 180.29 0.21 191.68 3.72
Slope degree 6~15 1752 69.83 0.04 69.13 1752 407.85 0.23 398.85
16 ~25 782 34.74 0.04 30. 85 782 190. 44 0.24 178.02
>25 224 7.80 0.03 8.84 224 40.97 0.18 50.99

* % % ; p<0.005
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PEBIM SEAET- M AR R AR, BRI R B FReER S ™ . HEHFER K CWD & #E T
T BE R T TR FR AR 43 A e R B B AR Tk

Pearson AHC43HT R, ARIFEAEIE M CWD BB 7 ] 535 [0 98 B EAH M (p >0.05) (R 3),
ANRIFAETE ) CWD B 7 [ R4 b XS [R] 25755 (9 XU ] BEAEAS B ¢ Rr B 25 SR s , XU S5 AR4B) J [ 22 7
W3 (p <0.01) BB EEA BEMMRME(E L),

2.3 HIEXT CWD JE R SER 4747

AREIBEAL CWD R EHIRBBIES M, FEU 2.3 BREEREL,1.4.5 BREERIRELE D,
A4t TSR B3R CWD 5 BE, e s W T AR AR R B KRB AR BAE 2.3 SR b, (B2, IEF i CWD
BRW BT 2 SR L, M W B AR M R RAEZN A E 4 5 IR F R E (B 2) .

A ) CWD R SF R KBE ER T (B 3) AR 2 2.3 Rk L . (HEFAYM CWD 4RI T
AR, TERASE, CWD [)%5 BE B KIE AR 7E 2.3 FE 254 b, s Wy T AR AR AR B KB R 7E 3.4 T8
JEER b FASRRIK A ST, BEAL ) CWD A3t , Bt LAALTE K I 124 i) CWD 3%
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Fig. 2 Distribution of decay classes of CWD on different topographic position
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*3 WEFEESHER Pearson XX 7

Table 3 Pearson correlation coefficient for falling direction and aspect

B Down wood Pearson #H5¢ 2 %X Pearson correlation P

K AM1E] Uprooted blow-down 0.063 0.448
FHATWT Breakage at rootstock 0.069 0. 066
F 7T Breakage at trunk -0.087 0.158
Bt Trunk segment -0.033 0.522
43t Total 0.014 0.575

F4 WEFESKEGEES RE
Table 4 Independent ¢-test between falling direction and wind direction

R -3, Flat
Wind direction AR TR R B A7t Total
0° (4E-H X\ i) Mean annual direction) p =0.000 p =0.000 p =0.000 p=0.000 p =0.000
45° (%X , ViR Spring & summer, southwester) p =0.000 p =0.000 p =0.000 p =0.000 p =0.000
135° (B4, bR, Autumn & winner, northwester) p=0.000 p =0.000 p =0.000 p =0.000 p =0.000
X[ Wind direction A Yt i b B Topography with aspect

AR TR R B A7t Total
0° (4E-H X\ i) Mean annual direction) p =0.000 p =0.000 p =0.000 p=0.000 p =0.000
45° (%X , ViR Spring & summer, southwester) p =0.000 p =0.000 p =0.000 p =0.000 p =0.000
135° (Fk4&, LR, Autumn & winner, northwester) p=0.000 p=0.000 p =0.000 p=0.000 p=0.000

HAME] Uprooted blow-down; I K Breakage at rootstock ; T Hi 47 Breakage at trunk; ##f Bt Trunk segment

BEE B A4, CWD 25 BEFMATR B R fE#R HH BUAE 2.3 IR 5% b (1B 4) o (HRRBEE IS5 i3
IR TR ARTE S IR SE S LA R/, TR EH T L RS X2 H TSR LA BHER
BEAFAE o

TEARFIHTE T , CWD A [l 42 S 45 B0 25 B o W T AR A AR R B0 AR7E 2.3 SEGRAF b A A Pk 2148
AL T BT B, B4R 1) CWD Sy A s i AR AR I AE R

—— <6° W6~ 15 —h— 16°~ 25° —— >25°

6.00 — 50.00 -
200 |- & —
5.00 - &

g g _ E 40.00 |
2150 | £ 400 |- ~ %

z = < 3000 -
g M 3.00 | 2

Z 100 =S % = 20.00 |-
E g 2.00 |- S

% 50 1 1.00 |- %10.00—

0 1 | | | | 0 | I 1 | 0 1 1 1
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

El4  RFEBE CWD RGN 5T
Fig4 Distribution of decay classes of CWD on different slope degree

3 g

AW /NS BLRL R LA CWD ZES P TR EEREBE (K 1) . HA I BAYEH 16 ~25°
CWD ()% B i =, B4 312 CWD 5 BAE R I . CWD %5 B Bl & A Uk A i T v T3S K, 1L /9 CWD
W ROE , X5 Gale™ FEHHFTIA LI BFFE CWD HIZ5 AR Grove! ™ 7 MUK A IV i #Hfs T Ak th Xt CWD
H5 T BT MATFTE A CVD O 2(46. 43 £13.06) m>hm ; Oheimb % ZEAE A AL
IR ( Fagus sylvatica ) 118 CWD {&FI5E BBl & 58. 7 ~ 119. 4m® hm ~%; Ranius 2" ZE 388 Z #2 ( Picea
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abies) Pk CWD BHERFFTH A5 T CWD AFKTEREE 74 ~ 138 m™hm %, it X SEHF5E & 2R, B2 46 B 1)
FhEr, WHGHE B AR EIR A £ Ak CWD R VS B R B0 B3 fin Y e 3, AW 5T 15 B B9 CWD (AR FR 3k 3h 7
76. 80 ~102. 53m> hm > [i] , A E X — (K S5) .

250

200
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W

(=}
T
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T

46.43 £13.06

A Volume (m*-hm2)

v
S
T
e

PR T bk T MR bR 6T st bk

El5 CWD 7ER R B b i AR A A
Fig. 5 Volume of CWD on different vegetation types

P NIAK Tropical rain forest; JR#H7 iEH bk Temperate broad-leaved forest; ¥ 7 4l IR A Hk Temperate needle broad-conifer forest; JbJ5 &l -k
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