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Effects of typhoon in a broadleaved-Korean pine forest in Xiaoxing’an Mountains
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Abstract; Typhoons will cause strong disturbance to forests, change the structure and functions of forest ecosystems. In this
paper, we analyzed the effects of typhoons in 2020 on the damage degrees of trees with different diameter classes and
functional groups (shade tolerance, life form, and leaf shape) of broadleaved-Korean pine forest in Xiaoxing’an Mountains
and the role of topography ( elevation, aspect, slope, and convexity ). The results showed that there were significant
differences in the effects of typhoon on the number of tree damage of different diameter classes and functional groups, such
as class I (DBH>10 e¢m) >class IT (10 em<DBH<50 em) >class III (DBH=50 cm) , strong shade tolerance>weak shade
tolerance, arbor>shrubs, and broadleaved species>coniferous species. While trees damage rates showed that class I1>class

II>class I, weak shade tolerance>strong shade tolerance, arbor>shrubs, and coniferous species>broadleaved species. The
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damage degree of trees depended largely on the aspect and altitude, and the number of damaged trees in shady slopes and
low elevation was higher. Damaged trees with broadleaved, shrubs and strong shade tolerance species are more likely to
appear on the sunny slope and higher elevation, while coniferous species, arbor and weak shade tolerant damaged trees are
more likely to appear on the shady slopes and at lower elevations. The number of the damaged trees caused by uprooting in
shady slope and low elevation was significantly higher than that in breakage at rootstock and trunk. The topography had a
significant effect on the wind fall direction of trees. In general, the destruction of forests by typhoons is affected by a variety
of environmental and biological factors. We found that trees with different diameter classes and functional groups in different
topography differed in their resistance to typhoons and their response to typhoons varied greatly. In addition, trees with a
large DBH, weak shade tolerance, arbor and coniferous species have relatively weak resistance to typhoons, and trees on
windward slope and shady slope have relatively weak resistance to typhoons. These provided a theoretical basis and reference

for understanding the impact of extreme weather events on forest dynamics and recovery.

Key Words: typhoon; disturbance; broad leaved Korean pine forest; topography; functional groups

B AR I P i i A AR 22— G PR BE 5 XL R MK S5 2 F 5l 5 WO T 2 B IX A 22
U SRR S B G T AR A W T AR A S R G, 5 K BUE A TR A A 25
BNV M | U ARARGSF R AR, S e L R 2O 2R L B KO ARAR I S ), R B SR ITE AR
PP SZ R, P AEPORE T BTN KRV R e A R R AR A R 1R
TR R PN A AR BE T 3 I R R LI ™ 1 5 ] 36 VG RV T 1 AR W B C 29 105 T, o S8 4R
JERE BRI —2F LA B & RO ERAR A TR A 287 R R FRAR IS BT 5 XA i 137 A BT AN ] T
PR AMAT /N 22 5 SR A F U TR B [RIRE 2 2 OS2 3t IR s

3 U BT S8 B R A5 32 B A v ZE X REARAS OR (S 5 0 b e R G R 3 DL 2
PUG IMREARBLAET T AR OG5 43 0 S T b DX 1 ZRARAZ TEAF B | R 18 32 450 7 =R 16 A R
MR AR B BRMIREE AR AR S SRR 07 AT TR 98, 5 XURT DABICIE AR e i A%
1 ARHEART A A K S, AR R R A e ol P i AR A D 108/ e 2 7 8, it A Ay
5V 3 RRARES RN S5 e LRI AR — R I T AU, 3 X R S R e )
RS 2 A ENRER X, R 2805 E2 AR T A Sih i BU | G K BRAR g T i
Do G AEAL T T DX A AR AT AR, ol 3t DX AR AR I 2L AR 2R R S R 2 LD Y AR
TS AR S SE T R AR BT R T, R XU DX W A R E A AR OG5 AP
AR BRI K 1Ll DXAR T AR A 280 (1 K 2 o 2 AN

T (A IR S0 i 8 2 2 (9 S 491, 10 < 1986 4RI 5 KU R 1 2012 4 i 5 KU AT R T PO A
2020 4F, M T SEIB T iR A A NSRRI, A D U, 2020 4 8 A 22 H
29 H 8 H, =36 Ml AL 7 4 FE ] i -5 s e P22 U pl s (- ) b K 4 e 98 20 5 il
(“SEIPTE” CUFRT) BB AL R AU I AR 1 B AR AL T m B gy, 5 KU A I O o R KU 3 13 400
=35 WMUCER il , ELARBEIS TRI AT, XoF 5™ A7 M1/ N % 22 U i S M IX ) AR AR I 17— R R R RRIR, ad 2k
B WARDBEXS /N2 B A RT3, 0 1T 1 AT TR AR S R G | A ST AL /%
LU P AR L0 ( Pinus koraiensis ) MOBBIFFEXTER , 7341 2020 4F 5 WU i it L0 R AR AN Rl 42 2% D RERE LA
Je AN TR AR v A2 B A IR S A AR A, LA DA BRARR AR S R S 2 A AT T DS R AR sl 25 ) 2 i LA B A2 $ 3t
gk S52%,

1 ARMREHARTGZE

1.1 WSS
WFFE XA T BT 05K B R 9 AR X (47°10750” N, 128°53'20" E, 4k 280—707 m) , Hikb B Iw T4
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TR B T KRR, SRR - 0.3°C, %K R 676 mm, 4275 & &4 805 mm,
T 130—150 d, 2R TR NPT R, —Hh 2P0 X, Bk A& 200X, i 1k 53 I AR
Ly Mk DA P T AR AL B h 2D A R R 3, 20 A T AR B8 A2 (Abies nephrolepis ) /K WMl ( Fraxinus
mandshurica) Z1.J% K2 ( Picea koraiensis) MHE( Betula costata) A8 ( Tilia amurensis) 25 N EBEAETIA, B
*3%( Corylus mandshurica ) Ul ( Eleutherococcus senticosus ) . A T oF ( Euonymus pauciflorus ) | A i #5416
( Philadelphus schrenkii) 550 FEAEAEREA
1.2 JEEFE

ABFFEAE 2005 415 E A RV HUK B R A SRS X9 hm? [ - ZLAAAR S A I AE H R 1T, R b 53
900 1~ 10 mx 10 m /NEEJT 2 FFF 2020 4EHEAT T4 3 IRE AT, 2020 4F 8 A rhp A E AL IR >1 cm AYJH
SEAMARR 23666 BR, G REEHE T 2020 4F 9 H AR /IME DT AT T 2 R B R A AR

(1) ZHARMPFEAT B LR Z BRI D Fh 2R, B 32 B AR AR5 42 20 40) 73 4 < 10 em 10—
50 emH1>50 em , B SZ 43 AR B IEIR A 7E 56 22 Hh 9 6 B KRR 6 2 T )2 a2 2 e 2 )2 5 43 BRAE 3 A ) 43
RIFEAGHEA e B BT 20 it BP0 55 5 i B ki ) e R F 2 43 g B A b 5 e B

(2) MR ZHEA R REN Ty 10] S22 A 3 Sy SRS (ARG R 54T (W T 19T b s
JE <13 m) T (BT WAL = EE =1.3 m) 28R KUE 5 1], ie s AR P4 g LA Ty

(3) /INEE T 0 3R, 3 ) B BRI M0, B TR R R RE ) A AR (425.5—445.4 m)  BCfIK (445.5—
465.4 m) B (465.5—485.4 m) FlfE (485.5—505.4 m) ;3% a1 KA« PHIE (S .SW) 2EBHIE (SE W) 2FEBA3
(E NW) FI3 (NE N) 3R M8 ( 1 ,<6°) (11, 6—15.9°) A% (1, 16—25.9°) FFES (IV,
>26°) ;s MY EE A A 2 AN M (<0) ™M (>0)

(4) JRUAPBAE N BT T UK B R 9 A SRR X 2020 4E 8 A 22 HZE 9 A 8 H4%E 10 mins 132X A %
o RUE RIS 4R (B, 67°—111°) B (S, 158°—202°) P4 (W ,247°—291°) .t (N, 338°—359°,0°—21°) .
ZRFE (SE,112°—157°) FUE§ (SW,203°—246°)  ARJL(NE,22°—66°) \PHIL(NW,292°—337°) ,
1.3 HdEabr

AR ARZHHRH Y FRIR

Y=n/N (1)
Horfon SHHYZIRA, N 9 SRRER
A 35 ) HEATRR AL -
At=1/2x(1-cos(m/180x(A-30)) (2)

T, Av ARUEALY ] A SR I, 33 ) 938 38 B0 7 A AR HES ) 2 0—1,

KRR (Chi-square, a=0.05) 20T AN EIAEH BSFRIDRERE (I B AR 16 7 B R ) Mo (b V]
PURE e R TR ) R A IR R B 1 52 e A R AN [) b XoF A2 AR KUERL T el B s, AT 32 8 g3 A
(PCA) BRFE T AR HIIE h SZ R K A LA . R 5 K 35 ( Chi—square ) {8 T SPSS 26.0 3K {4, 50535 B i
T R 4.2.2 1Y FactoMineR 25 Factoextra i1 7T VER . 3R 1 8 A SZ HURAS [F] 52 B 2 AL SR 20 S
AR, 2—5 TR T E AR IEZE (BR/100 m) .

2 #R

2.1 ZHARFHE

2020 4FRY 3 G KA IEA 203 #k DBH =1 em BYARAKIY) 2451, 7045 T 142 BekE D7, 4 900 SFETT Y
15.8% , Z AP FILT, 20 Bl FAHE(Betula plaryphylla) KW ( Salix raddeana) FRFESEA Rl MR A2 4515
e HHE BAR AN HAE(Acer tegmentosum ) \ FLFAMA (Acer pictum subsp. mono) FZ I REE 2 P iR
{8 T3R8 E 53 3R 58% 25% 1 17% (R 1)
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R 1 ALMA 9 hm’ HF IR AR R ZF AR

Table 1 Species composition and damage types of wind-blown trees in a 9 hm? plot of a typical mixed broadleaved-Korean pine forest

Z 42! Typhoon windthrow patterns/F

it g O g N " Sl
Species e % Leaf shape i Breakage  Breakage i Number Damage
tolerance Uproot ot rootstock  at trunk Total rate/ %
HHE Betula platyphylla i 5 (L 1 3 0 4 9 44.44
Wite Beula costata ek £z [l 17 8 6 31 316 9.81
%%T%: . . R 55 it 0 2 2 4 689 0.58
Syringa reticulata var. amurensts
KHEM Salix raddeana HEA 2 [l 0 2 0 2 4 50
FIFLAN Eleutherococcus senticosus A 3k it 1 0 1 2 2222 0.09
FERL TP Evonymus verrucosus HEA i il 2 1 1 4 1600 0.25
FHHEW Acer tegmentosum EI%N L 5Ly 17 6 3 26 1057 2.46
AEHEB Acer ukurunduense TR ik il 6 1 1 8 1739 0.46
L1 K2 Picea koraiensis ik [ LR 1 0 0 1 68 1.47
#Hf Ulmus davidiana var. japonica FI%N 5k it 2 0 0 2 312 0.64
G4 Ulmus laciniata AR R (L 4 2 4 10 826 1.21
KRACIIHEE Philadelphus schrenkii TEA i [ 1 2 2 5 877 0.57
246 Tilia amurensis AR L L 5 2 2 9 732 1.23
HHZE Padus racemosa Fi%N Ei it 2 2 1 5 350 1.43
LYK% Abies nephrolepis i\ i L 11 4 0 15 843 1.78
L% Corylus mandshurica N i it 15 4 8 27 6585 0.41
4THS Pinus koraiensis A R e 19 4 1 24 1076 2.23
I Fraxinus mandschurica EI%N L 5Ly 1 1 0 2 274 0.73
TLFA Acer pictum subsp. mono PN i [t 12 7 2 21 2187 0.96
YAK Aralia elata HEA £ it 0 1 0 1 122 0.82
ZARH Damage rate (%) 58 25 17

2.2 XA [RGB A

3 WO A AR R AR AR 2 4 =2 2 5 ( P<0.05) , BRIV AR 1 MZE R ES TRAD S
R, A2 1A Z 8 25 ARG (36 2) s SROARME] 34T TP iR g 1 A2 4o i B 38 TRt
ARG, AR ] HE AT A g 1 2 i 18 2 i TARGNL, b g4 g I Andeg I sz 45 50 0 i 3% 22
5o [l —ARG A R Z A5 2 R A SZ R A A — i O 22 5, A0 T ARG T AR B 2 80 B 3% o T
T AT AT R Z R (P<0.05) , T TS5 T P I S Boe 0 3 25 5 AR G I AN [R] Sz 45 28 L 2 ]
TREES (R 2) . ARBELEMAZIRNINRIN R N >BR MR T (£2),

£2 EAMOHRM I m’ EibREZRERMANRRD B/ (AL 100 m?)

Table 2 Diameter class distribution of different typhoon windthrow patterns in a 9 hm? plot of a typical mixed broadleaved-Korean pine forest

ZARIR w1 7 (el a1t
Typhoon windthrow patterns DBH Class | DBH Class 1I DBH Class 1l Total
PARLE] Uproot 0.079+0.399Aa 0.048+0.245Ba 0.011x0.281C 0.130+0.514a
FHAT Breakage at rootstock 0.045+0.243Ab 0.012+0.107Bb 0.002+0.094C 0.058+0.281b
Fh 4T Breakage at trunk 0.032+0.074Ab 0.004+0.034Bb 0.002+0.047B 0.038+0.218b
&t Total 0.157+0.531A 0.065+0.298B 0.016+0.124C 0.226£0.667
ZHH Damage rate/ % 0.70 1.89 1.11 0.86

FIBIAF/NG PR R Z R Z [ 7257 B3 (P<0.05) s AT ARKRE FRRR A FARRZ IR B ¥ (P<0.05) ; DBH: Mft

( Diameter at Breast Height )

http ; //www.ecologica.cn



1268 H

&t
H

#H 4 15

2.3 AR[RITIRERESZ A M & AERHE

153 WREAN[R] S RERER A A2 100 K00 A7 A2 B35 2 (P <0.05) |, G A s 9 1 i 16y o A 52 450 80 W05 s T it A
PESS BRI TR A SZ 3 B0 0 2 5 THEAR W R o %) A2 45t b 2 8 T AR SRTTAS [) D BE AR AR 32 45
BRI NFE I A i 10 55 > s B, T AR S T, S R o> R AR o (38 3) o [)— D BB AR A i AS [] 32 43
KA AR SZ BB BAFTE — 2 25 57 W BAPE TR TR | RE A Ah 5 ot A A rh iR B ) 32 P gl v T 1
BT 5T P 2 B8 (P<0.05) | i B 5 LUK R R AR 9 T 64 5 T rh e i 2 o T E 22 5% e
VIR b i 1 4T 0 Sz P e 0 3 s T T (P<0.05) (R 3)

F®3 AMOMM 9 m’ A EW A, £ R RN RARNZRER, (AMEE/100 m*)
Table 3 Typhoon windthrow patterns of different shade tolerance, life form and leaf shape of tree species in a 9 hm? plot of a typical mixed

broadleaved-Korean pine forest

I fif 1 Shade tolerance H:3E R Life form FF AN Leaf shape

Typhoon windthrow patterns i Toleranct 55 Intoleranct T¥A Arbor A Shrub [#1} Broadleaved £+ Coniferous
AR5 Uproot 0.110+0.482Aa 0.023+0.195B 0.109£0.407Aa 0.021+0.187B 0.096+0.435Aa 0.042£0.228Ba
T 34T Breakage at rootstock 0.040+0.228Ab 0.021+0.159B 0.047+0.245Ab 0.011+0.106B 0.049+0.258Ab 0.011+0.103Bb
F-H1 4T Breakage at trunk 0.029+0.18A1b 0.010+0.113B 0.024+0.168¢ 0.013+0.126 0.037+0.210Ab 0.001+0.036Bc
A7t Total 0.179£0.600A 0.054+0.271B 0.180£0.539A 0.047+0.347B 0.181£0.590A 0.054£0.254B

ZHZ Damage rate/% 0.78 3.7 1.54 0.36 0.82 2.01
G/ NG FREFRR Z MBI 2 [ 22 57 35 (P<0.05) 5 AT ARIRE FREF R BIHERSS Te AR SHEA n 5 5 2 722 5 B3 (P<0.05)

2.4 R[EIHIE o AZ AR I A AR RRAE

AN TR TR AR SZ AR A A S 2 e R IR (425.5—445.4 m) IR Z 080 B 2% 5 T8CR
TR (445.5—465.4 m) FIEEE AR (465.5—485.4 m) (P<0.05) , R 7F4K (425.5—445.4 m) 575 34K (485.5—
505.4 m) (IR ASZ BB 0 B 35 22 5 BRI AK (445.5—465.4 m) 55 K (465.5—485.4m) IR AR Z 4
BT 3 25 5 AN R ) R R SZ AR AR 3 25 5 (P<0.05) |, BRI - BRI A F= B 3 A R R 32 451 45 i
AR T B3, BHSE 2 B 52 B3 A A 32 B0 T 0 3 25 5 5 SR R R 2 il AR e B 25
(P<0.05) , 223 RIS FNBESE B WA 52 01850 W 5K T P30, 83 RH A BE I b R 32 51 B0 o I 2% 22
S AR MY BE R R A2 i R o e 3 25 7 (P>0.05) (R 4)

R4 AR 9 hm® HEH R E IR R BRI AR RS/ (MHEE/100 m?)
Table 4 Distribution of different typhoon windthrow patterns in microtopography in a 9 hm? plot of a typical mixed broadleaved-Korean

pine forest

e 50

g PARAE T &it
- Breakage at -
Topography Uproot rootstock Breakage at trunk Total
TR 425.5—445.4 0.129+0.467a 0.123+0.450a 0.076+0.307a 0.329+0.731a
Altitude class/m 445.5—465.4 0.219+0.627Ab 0.052+0.248Ba 0.052+0.260Ba 0.325+0.794b
465.5—485.4 0.069+0.475Aab 0.042+0.220Aa 0.007+0.087Bb 0.119+0.538b
485.5—505.4 0.015+0.124ab 0.016+0.124b 0.008+0.088b 0.039+0.194ab
1wl FHY% S, SW 0.104+0.438Aa 0.059+0.285Ba 0.051+0.207Ba 0.198+0.560a
Aspect 2FHYE SE, W 0.144+0.547Aa 0.047+0.255Ba 0.037+0.206Ba 0.229+0.658a
LAY E,NW 0.366+0.982Ab 0.033+0.180Bb 0.033+0.180Bb 0.433x1.174a
A% NE,N 0.667+1.106b 0.500+0.764b 0.500+0.764b 1.667+2.494b
e I (<6°) 0.389+0.591a 0.000+0.000a 0.000+0.000a 0.389+0.591a
Gradient I (6—15.9°) 0.139+0.492Ab 0.063+0.301Bb 0.047+0.246Bb 0.250+0.680b
I (16—25.9°) 0.102+0.518Ab 0.060+0.279ABb 0.028+0.186Ba 0.191+0.623b
IV (>26°) 0.111+0.586bAb 0.033+0.180Ba 0.022+0.147Ba 0.167+0.719b
[ 1 iy Convex 0.144+0.491A 0.058+0.297B 0.033+0.191B 0.236+0.681
Convexity [] Concave 0.118+0.533A 0.057+0.265B 0.042+0.239B 0.216+0.652

[FIFUAN ] /NG S B R A ) I D b 5 AL 3 5 ) 3 BE DRI IR R IR 1] 22 5 3% (P<0.05) 5 [T ARl RS FRERR Z AL 2
IR] 22 5 2.3 (P<0.05)
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FEfRl— B HEE T AR SZ BB A SZ B A — i 22 57, FoP R BRI R (445.5—465.4 m) |
BRI 2EBAS RS 2 AHE BEDE M U145 ™ AR PR AR B A 2 B8 B TR S T T A 2 i
Bt (P<0.05) , 1M T34 5 T4 i 2 BB 0 1o 28 25 5% FE B R 4K (465.5—485.4 m) AL AR 5] 5 T 47
() 3Z 380 B T R T A 2 AR (P<0.05) | PR 5 T 347 10 Z 40150008 T 3 22 5 AT R Ab 4w
AR Z IR Z R R E LT (£ 4),

ocrE 8 H 22 HE 9 A 8 HFGK FEILXL JL K
SR A a] B 3R X e v (T 1) o [l — U )
IR A 32 450 B0 7 R R U R B 40 A A7 7 I 35 22 5%
(P<0.05) , KU J5 1] R 2R A R A2 58 400t 26 AS R4
BB 5 ML BE R Y 4 AT AEAE 25 5, P AR AR 4R
(425.5—445.4 m) V-3 5 [MTAb A9 A% AR A2 3 5500 T 1
RS 5 160 Ay PG AR R 32 3 B30 AN R AR 30 B 5 1y
FET W) o A AAAE 22 7, b 7E AR 4k (425.5—445.4
m) RHE 5 A R AR B2 A5 R B 5 XU 1) Ry e
PR Z BB AEAS R AR S 0] S 30 B o A A AE 22
S H IR (445.5—465.4 m) BB S5 B b
AR A A2 40 550 T 5 XUIRD D ) S b AR A 2 40 5 7
ARV 0] 53 BT (R 3 A AR AE 25 5 o e R B 3 5
AR B AR Z R = (R S) .

Z:Iﬁj };(L E:'J ﬁﬁl E’:J W 7k % TJEI é& % Kﬁﬂ—: ﬁ % % %,‘_ ( P> Zii:re ;Z:zjv:irection ratio in Heilongjiang Liangshui National
0.05) , 7E[Rl—Hb B 4EFE R, AN [R) XU 7 1) AR A 32 3 850
BIFTEEE S (P<0.05) , ¥ 4K (465.5—485.4 m) &b, X
{815 1) R A6 -5 P8 AR AR 250 2 v 1 XU ] A 2R AR ARE A s b Ak | AUy 1] Ay G A K 32 0 5 B 2
TR 18] R AR R A 5 T ™Ak | XU 1) S 2R AR AR 2 B 8 i 25 v T RVBI D Tl i PR R R (2 5)

B1 FBATRKEREEARPEERELEZE

x5 HHEEFIZRARE T M (AMEL100 m®)
Table 5 Effects of different topography factors on wind reversal direction of trees

HuIE Topography 7% East 75 West 4§ South 4t North

R 425.5—445.4 0.106+0.362a 0.106+0.376ab 0.059+0.235a 0.059+0.269
Altitude Class/m 445.5—465.4 0.076+0.265a 0.088+0.322a 0.082:+0.349ab 0.079+0.310
465.5—485.4 0.004+0.0619bA 0.065+0.256hB 0.023+0.150abAB 0.027+0.194B
485.5—505.4 0.000+0.000b 0.016+0.124b 0.023+0.151b 0.000+0.000
Y PHI S, SW 0.041+0.230 0.062+0.299 0.04120.214a 0.055£0.283a
Aspect BHYE SE, W 0.061+0.239 0.094+0.497 0.054+0.240a 0.027+0.162h
FH E,NW 0.033+0.180 0.100+0.396 0.067+0.249a 0.167+0.898a
B NE,N 0.500+0.764 0.167+0.373 1.000+1.826h 0.000+0.000bA
YR I (<6°) 0.167+0.372ab 0.056+0.229ab 0.167+0.500a 0.000+0.000a
Gradient I (6—15.9°) 0.057+0.256ab 0.079+0.334ab 0.061+0.323a 0.053+0.279a
Il (16—25.9°) 0.025+0.177aA 0.085+0.497aB 0.046+0.209aAB 0.035+0.203aAB
IV (>26°) 0.067+0.291b 0.022+0.147h 0.0000.000b 0.078+0.542h
] 1 iy Convex 0.071+0.299aA 0.057+0.241aB 0.059+0.328AB 0.049+0.336AB
Convexity U] Concave 0.032+0.175b 0.090+0.469b 0.046+0.229 0.048+0.251
St Total 0.050+0.242 0.074+0.380 0.052+0.279 0.049+0.2

[EISIA )N TR R AN R O Ak 5 IR 38 1) J5 1) e B2 R /N2 [ 22 57 8.3 ( P<0.05 ) 5 [RIAT AR S - RE s WUB 7 1) 22 18] 22 57 . 3%

(P<0.05)
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