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Effects of fuel treatments on the forest fire regimes under different fire control policies in the
Great Xing’an Mountains. HE Han'?, CHANG Yu'", LIU Zhihua!, XIONG Zaiping®, BU
Rencang! (*CAS Key Laboratory of Forest Ecology and Management, Institute of Applied
Ecology, Chinese Academy of Sciences, Shenyang 110016, China; ?College of Resources and
Environment, University of Chinese Academy of Sciences, Beijing 100049, China).

Abstract: Climate warming has increased the frequency of catastrophic forest fires, threatening
forest resources and human being’s lives and properties. How to reduce forest fire risk has been a
hot topic in forest management. The study used the spatially explicit forest landscape model
LANDIS to simulate the effects of fuel treatment strategies on forest fire regimes in the
GreatXing’an Mountains. Four simulation scenarios were designed based on whether to carry out
fuel treatments or not under two fire control policies (current fire suppression and no fire
suppression). The fuel treatment scenario contains nine fuel treatment options based on
combinations of different treatment methods (coarse woody debris reduction, prescribed burning,
coarse woody debris reduction plus prescribed burning), treatment frequency (low, medium and
high) and treatment area (large, medium and small). Using burned area and the area burned by
different fire intensities as evaluation criteria, a suitable forest fuel management plan was
determined for Great Xing’an Mountains. The results showed that long-term fire suppression has
increased fuel buildup, and the occurrence probability of high intensity forest fires. Under both
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fire control policies, forest fuel treatments could reduce area burned by high intensity fires and
lower forest fire risk. Under natural fire scenarios, frequent forest fires result in a lower
accumulation of fine fuels, and a 10% reduction of coarse woody debris for every 20 years is
sufficient to lower forest fire risk. However, such treatment scenario is less effective under current
fire suppression scenarios due to accumulation of forest fuels. Our study has determined coarse
woody debris reduction+prescribed burning on 10% of the area every 20 years as a suitable fuel
treatment practices in Great Xing’an Mountains under current fire suppression policy. This study
provided a scientific basis for forest fire management in the Great Xing’an Mountains.

Key words: fire suppression; fuel treatment; LANDIS model; the Great Xing’an Mountains; fire
regime.

FRMAE NG A S R AR, 647 T SERE R ZER 86%, JF HAE LRI X 8L &30
B AERRRAES RGOV SRR SRS T7 T R ¥ T A0 B AAHIE FH (Hyyppéaet al.,
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IEARIX (51°14'40"N—52°25'00"N, 122°39'30"E—124°21'00"E) A7 F K24 2204 7 I
Haldbs, w3 BEX . REFARXAHE, S XN S BIE X SMeE B iR
HEERL, ALFNES S, B EAHE, 195 AT XA S E B0 XA A . FFRARIX
Jb& 125 km, Ap%E 115 km, EHFN 937244 hm?,

LA T R A = 26 IR ML X, & T ORREPEZR RS, . #. ZK s
ZR R, BRI, KRR, AFIEATE, ORISR & & S E R0 g
Ko HERPFEHRT 225G TR M, il KRB, [FRAEA R R
RS XA PR S A 9 IR AT B AR, DI 3E 48 (Larix gmelinii) A3, 5 A
WAL 80.6%, HK A T#S (Pinus sylvestris var. mongolica) 142 (Picea koraiensis).
FEH TR AR M R A . (M (Betula platyphylla). 1% (Populus davidiana). &1 (P.
suaveolens). %KAM (Chosenia arbutifolia) 5.
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Fig.1 The geographic location of the Huzhong forest area
1.2 WHEIiE
1.2.1 LANDIS #A A58 FH 15y LANDIS PRO 7.0 JRAS, 245 AL AR I 25 R
FE 1 (103~10°) ARAH R 7S (B LMLoY, ] DL TR AR SOWE & . B0 i, sl
T-HAA BRI AL BE (He et al., 1999). LANDIS #E7RY &5 T Mb& Sdl 454, K BOWE fUso /s
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VRN SEE B AT R . TR AT, . LANDIS #5224 f) i H A4 Kk 9 43 A1
AR IR L W FR )50 A B 2 (MIadenoff et al., 1999; Mladenoff, 2004). H i LANDIS %7



CAENFEMX FFRRES RGP A3 72 M (Wu et al., 2013; Luo et al., 2015; Liang et al.,
2017).

1.2.2 LANDIS B2k, LANDIS BRWIIEMHA KE B E L5 AIET R S5 (DAT
X MRS (GIS BIE). BN SHOIEMFEY FEME. WA EEEME. KT
SR, FRSHOFEMAARE . SCHZSHE, FHXES. T SE B RIE
2000 4 TM BEEAE P 5t (WRS: P/R: 120/24 i1 121/24). K (1:50000). 1990 £k
FHEET LA B R 220 W AR [X 1990—2000 4[] 1) K B e 5%, AT i8R FH LA _E £ 4 %F LANDIS
B (P B, KB, I EGIAT S BV, EESEWT:

(1) DA T SRR S BRI AR R

BT BT 75 L0 B P AR T SRR E S dE: Fdr . ORISR, T kS5
T 2 55 (Mladenoff et al., 1999). #iff 7t X 1] 8 AN i) AR i S ARFIE 39 SR (X1 5 4655, 2009;
55 2016) RIS A e 3R 1E, FESHULE 1.

FRMA R B R — MG OB S P LR IR AR5 B AR SR R 58T/ NI B AL
WRAEVE, 1R 52N1(2006) 555 X N EERRELIE AT T AN e YW 9T, 45 SRR Iz VEE SO R BE
AR R RE o RN A SO 50 32 B 2% FE /KT L AR IS 35, BT AR DA FH e v
T LANDIS BRI 25 fk..
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Table 1  Species life-history attributes in Huzhong forest area

D& ARMERE ALk s e
"N = i B 28 i K Ak . N\ Y &S BN RS (a)
) FH i (a) EW i FEE(m)  FEE(m) ) -
¥yFh Species i ) Shade Fire ) ] Reproduction ~ Minimum age of
Longevity  Maturity Effective ~ Maximum . )
tolerance tolerance . . probability reproduction
age distance distance
SR
. s 300 20 3 3 150 300 0 0
Larix gmelinii
F&E-FFa Pinus
sylvestris var. 250 40 1 1 100 200 0 0
mongolica
=42 Picea
L 300 30 4 2 100 150 0 0
koraiensis
F# Betula
150 15 1 2 -1 -1 1 40
platyphylla
1i4% Populus
o 180 30 1 3 -1 -1 1 40
davidiana
fHt# Populus
150 25 1 4 -1 -1 1 40
suaveolens
BRI
Chosenia 250 30 2 2 -1 -1 0.9 30
arbutifolia
fEF Pinus
) 250 30 3 1 90 100 0 0
Pumila
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Note: -1 represents unlimited effective seeding range; shade tolerance and fire tolerance: 5 is the highest tolerance
level.
(2) THhRAYE]

LANDIS Y4 57 5 4 i) S5O0 23 BT AR 57 o ) - s 28 10 B e, Rl J 0 1) — K
B EAT A R A 25 A, TR AH ) 3 2800 P9 1) 5] — A0 b @ R R — 3. i T AT 5T IX 3t
T2k, MR GIEUAR, N7 ELFH A R XTI, AT 70 7 X R 7
6 Fi L H AL, 3ol AEARHL. AKIEL B, mEdE. dEBOAE R IL X (51000 m). JEMRHE .
AR P AR X 1990 AEAAHEIZRAS, B AL DEM SREU R 3T R4, 1 — PR
5 DEM SR IGHRR A 72 V. ey L 3 ORI o e rbr, ARHFIZKIZ 5 54N B 01X THIEA TR 0.82%,
i, mEdE . LA S LR X U 4 A & 4.95%. 38.41%. 45.19%F1 10.61%. [FIf, AT
BE— DALY IR RS 0 A FRH DL RC, JRRRARBI AT, AHE TR ArcGIS 4 BEANBIF 7 [X R
FE 90 m>00 m 43 ke,  fe ettt — Rl 1480 471274 Bl LA A (] 2D

B2 MRk EmRERERE
Fig.2 Land types of the Huzhong forest area
(3) MRk EHE

KT AP X AN K TR, RS AR AR X AN ™=, B LR FE A
HAT KT . LANDIS B8 LE ALK T PRI B 15 B — i 2 28 X B AH [A] A K T4
R iR R P KR IAR S, BB T I R A MR & e #E . it
X R 22 W W rppRl =) 1990—2000 45 8] ) K eI e #EAT Ge vt 55, 79 34 b SR R X 1)
S K ekt AT HA o
1.2.3 MR KA RS HE
(1) ME&It

AT T K F2 i BOR E EA S P A, — 2 1950 4 LART H 2R K k% = Chistoric fire regime,
NFS), fRERAK KT L F—FhoN 1950 4F J5 STt 1) K K ELSE Ceurrent fire suppression, CFS),
REIAT K KT E

AT PR AL B 5 5 AL R T R 22 4 Ccoarse woody debris reduction). 1% -k ¢ (prescribed
burning). ¥ AT BAYI 2 K+t %Ik Be (coarse woody debris reduction plus prescribed burning) 3
e N7 EHER AR A IE R AT AL I TZE, 455 T R AL B R AR RE (I (] LK AT A



A PR REA, BeRBEEAR (20 4E). 1 (10 4E). & (5 4F) 3 Fial R AL BRATR AN K (10%) .
H(5%). /) (2%) 3 FRmTAPIALIR AR, 33 A SCRT AU O R AR nT BRA D AL B T 5
(£ 3),

il AWIRE 4 P EERHZE (X 2), B CWMEFHHEE 9 AR KA
TR (GR 3o NTRNHT AT E R R S8R ZE, AR REFEA R FEYLA
TSR 10 IFECEBI1E
2 UMERYIAEETZR A

Table 2 Descriptions of the four fuel treatment scenarios

i E S ut 9
Scenarios Descriptions

TR RPIALFE (no fuel treatment, NFT) +34T K K5 %

Ccurrent fire suppression, CFS)

(o]

AAYIAL TR (fuel treatment, FT) +IU47K k7% (CFS)

AR (FT) +
AK:kTJ5% Chistoric fire regime, NFS)

D TCOT BRI EE (NFT) + AR K72 (NFS)

C

K3 SMARYIAE T SRR

Table 3 Details of the nine fuel treatment measures

WIE XN S UEE Y RrS Ab FRTHIFA YSEETESNEY)
Measures Treatment methods Treatment area Treatment frequency
11 R AT IR 22 /N (2%) (5
12 Coarse woody H(6%) Ho(10)
13 debris reduction K (10%) i (20)
21 A /N (2%) m (5)
Rk B
22 ) ) o (6%) H10
Prescribed burning
23 K (10%) i (200
31 RLAT R 22 Bt it Rl ok e /N (2%) & (5)
32 Coarse woody debris reduction o (6%) o(10)
33 plus Prescribed burning X (10%) ik (200

(2) BTREZSH
LANDIS #5400 ] #9474k 3 42 v KRG DX A A Sl A B0 10 SN, 6 1 5 ) A 3 387 A 42 HEE
VE HIAC B AR HEAT PTA AL B . AT SRR ATATT ELA2>0.64 em AL . (RIAR S Ab ST S,
AR T AL FE R - VYA B4R <0.64 om /MBI DL AR BEAE . BRI D A - AR IS
Bk, MROAERE . TPUDI AR Bt EA RIS NMEoT . T EE, 2Rl N5
AN RIS 1 2% (<0.5 kg m™?). 2 2% (0.5~1.0 kg m™?). 3 £ (1.0~1.5 kg m?). 4 2% (1.5~2.0
kgm?). 54 (>2.0 kg m?). KRR B2 500 E<3 FH PR A3 B, RIRDH
4. 5 IR 1. 2 2, AN ERA AT R o THRIK RO AT R AN AL 38, T
BElR A I AT SR o R T IAM) 25 B+ iR K PR AL B <8 R P T #8498 R BRAR— 2%, 1T
>3 PRI AT PRI JLPRARE) 1 2%, gnml iRl = fibeln . RAASHNLE 4.
R4 TRMLESH
Table 4 Fuel treatment parameters
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Treatment methods Type Grade

AT IR Fine fuel 012345
ANhb 2
0123
No treatment FH AT #44 Coarse fuel 45
R IR 2B ZHA] R4 Fine fuel 123455
Coarse woody debris reduction FA AT #R4) Coarse fuel 001233
Ik B ZHA] BRY) Fine fuel 000000
Prescribed burning FA TR Coarse fuel 012345
R RTR L B+ itR ke ZHA] R4 Fine fuel 000000
Coarse woody debris reduction plus Prescribed
FHLAT R4 Coarse fuel 001111

burning

KRS HOE B AL R Y 1990—2000 4 8] 1 K e ic 35 A S AH 5 SCERHEAT R 5
BEMIAWT RS, ARG RS EE AR —5, BBRSHILE 5. KR K
R P HH TR B AN B U, AR FUTT S nT R, e A A L E TR
T B A KIRBRIE, AN [F) e o P SR I N K I8 X 3k I ) b A 8 BA B (R BE T 28 AN [
1.2.4 BT RIGUE 8 Wilcoxon FASIETE 95% [ B (5 X [8] F 4 S 404 B ALK -1
KEFEIE (MRD BEHTREDS, RIFFEEHEZS (FS, P=0.875; NFS, P=0.771) (£ 5).
R5 AELHEH k2 fpkRERFH KR RIS H0R B 5

Table 5 Statistical test for mean fire return intervals between inferred and simulated MRI for the current

fire suppression (CFS) and no fire regime (NFS) scenarios

TN = SRS
o LY MRI under the CFS Scenario MRI under the NFS Scenario
Land type ZHWE L 4 S SHEE L 4 S
Inferred Simulated Inferred Simulated
it
1500 2031 500 465
Terrace
[E3p1
600 596 160 164
South slope
63k
500 513 150 152
North slope
W= X
) 400 382 140 150
Ridge top
Wilcoxon £7-5 R 56
P=0.875 P=0.771

Wilcoxon signed ranks test

1.2.5 HEoHr AWK SPSS 22.0 H I HLRI T 240 8T (one-way ANOVA) Xt As [ 4k
TR MR E P KBesmE . SR Beti AR IRBREE KREIAR (1. 2 k). HasBE
KRR (34K VLR kB KBETHIAR (4. 52k M2 Stk B A .
2 GRS
2.1 KK

IS LTS A IS D PIRALAE R, v AR BT KBRS PR T 5 g2,
S AMELR 4 AT TR T3 .
211 KBEAR R K R BT A0l S B R s B T IR KRR T AR B B 2
(df=1, F=350.316, P<0.001), JXEuEEHAF/ER R 2R (df=1, F=11.022, P=0.004). ¥
Fhda KU T AR R KB AR AN K R0 B S S AR R I, K KRR /D J KRR T AR A [ B 22



PR EERRIE (B 3). TR A 7E 100 N4 10 4E 1) KRR 4ERRTE 1.8%~2.4%, ‘K%
S JE MRS 10 4E 1 2.5 287 B EIE 100 4 3.2 (] 3). % D 7E 100 4F N -~F354 10 4F
(1) K GE AR AEHFAE 5.24%~7.11%, KCBEIRIE S 10 41 2.5 1Z ¥ FF+ 325 100 FI 1) 2.7(
3o KKBEIL T BRI, (P KB & .

B3 AR DEHIBET P KRR E 7 b &k peia

Fig.3 Percentage of total burned area per decade and mean fire intensity under simulation scenario A and
D

212 FRKBEA S K KR AT DU A B = A, PR KRR (df=1,
F=46.756, P<0.001) . K K1 5 T, e R KBRIHAR 2 M 3 T+ 3, MBS 10 421K 924.29 hm?,
FIAEAL 100 A B K KB HIAR 208 2814.99 hm? (] 4). (HEE AR KIERT, SR KB
AR, 4EREAE 3000 hm? 24 (18] 4).

B4 AFIDBEMBTETRAKEER

Fig.4 Largest fire size under simulation scenario A and D

213 AFRERKEREIAR FEARBITET, A F KPR KPR L AR (&
5). EHRKIEFT, muRBEKHF B ORI A 5 KRR L B e A RS e, AR AE



10.7%~23.6%i% 5, HATERLIKEE 40, 50, 100 4R (5 BE KBEHE A 20% L0 E (K 5).
{HRTE R KIE ST, BREE 10, 20, 30 4F, HARFMr w5 K o B K e AR I EL 135 KT 20%,
I H BT H A ETF, 55 100 4ERFIA R 33.2%. 0T LLE H, KK EIRAE REAC T Bk oRem
L AHR IR R SR KR AT RE .
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Fig.5 Percentage area burned by different fire intensities under simulation scenario A and D

TEe o R 4y S YUK R 3G RERE: 1. 2 0K

Note: High-intensity: class 4 and class 5; medium-intensity: class 3; low-intensity: class 1 and class 2.

214 TWIME KK AL (df=1, F=9.255, P=0.007) HI-FI54H AT iA
W (df=1, F=14.669, P=0.001) R T HAR KGR . BHBAUFER BN, PIdh iR
FE RPN RS R 2 TS, TR A KPR YIS % L THE S SN &,
MBLLES 10 4R 1 2.17 FREHLES 100 4FRT 1) 2.68; THZE D 1340 nl B 45 4 B AR B AR B AR
R ETE, B ETHESBESE, M 10 411 2.01 5 100 EF1 2.30 (K] 6). E kL rl B
FERENL, TS A KPF PR TRYI A 20 5 LTRSS, AR 10 4R 1 3.23 FIRTES 100 4RI )
3.79, % D WIT- B Al RS R 4E R 1E 3.30 /247 (6D KK BFFR T KR A K,
EE SO AT A R, 2R S BOT K benm EE RN .

B6 A DBMBRTFHTRIER



Fig.6 Mean fuel grade under simulation scenario Aand D
2.2 ERKIEFT BT R b AR

R TS C FITHZE D BIBIIEE R, o] LS 3 5 AR K 5N Al R AL B0 bR K 4R
THFAHIFEME, 0 BN ELE 2 DI BT B
221 Skl BNESRERUIE B AR KIE ST, ARTTRYIAL BT R 10 K
PEAR 2R AR (P=0.213), (HAZEAT AT AL FEANEAT R AT A 25 B+t Rl K e 2 TR) 77
fERFEZER (P=0.012). [N, MA Y LER (P=0.956). H&IkE (P=0.421) PifhJrik
NANE AL B E AR AN AL AR 2 ) 22 AN 2, (ER AT IR 25 B+t R K e TR TR AN Ak
HH AR EAIR 2 WA E R 2R (P=0.049). 1, RNAr b D MEmT
B K e AR A AT IX TR 6.09%, C11. C12. C13 4 6.03%. 6.00%. 6.02%, C21. C22.
C23 4 6.08%. 5.99%. 5.99%, C31. C32. C33 4 6.03%. 5.91%. 5.91%. (£ 6).
#6 CAHDWETAFATREETREKRRER 10 P KRERE 7 H
Table 6 Percentage area burned by different fire intensities for each treatment measure per decade under
simulation scenario C and D

K GRHEIAR (%) FEKBET A (%) mEsmBE R AR (%)
Bk BAEE (%) AR KREHIR (%) AR RBEHIA (%) SRR (%

) Low-intensity Medium-intensity High-intensity
Scenarios  Total burned area
burned area burned area burned area

D 6.09 2.38 2.66 1.06
Cl1 6.03 245 2.56 1.02
C12 6.00 2.63 241 0.96
C13 6.02 2.86 2.26 0.91
C21 6.08 2.36 2.66 1.06
C22 5.99 2.34 2.62 1.03
C23 5.99 231 2.64 1.04
C31 6.03 244 2.57 1.02
C32 5.91 2.58 2.38 0.94
C33 5.91 2.76 2.25 0.89

e RO 4. 5K PEREE: 340Kk (RIRE: 1. 290K,
Note: High-intensity: class 4 and class 5; medium-intensity: class 3; low-intensity: class 1 and class 2.
222 A[FSEREEFRJORIA BN RER, £ R KGR, ARV LT 5 MK
SR RSN S L35 72 5 (P=0.003) o ANHEAT AT MR AL BRAIHEATHH AT AM) 25 BRAFAE B 2 22
7 (P=0.017), {HAZEATFIAM AL A THRI KR (P=0.063) LA AR 2% BR+ 11Kl K g
(P=0.079) ZImZFIIALEE . FATY 2 ERTE T BIA R AL B | AS[R] b # i AR 2 1]
Z R (P=0.034), FEA ATEAY) AL B H AR 1 A AL P 0 B AIG, IR 1 48 e T AR
BT A 2.450%38 N F 2.86%, J7 5 CL3 HHXS T ANHEAT AT BAM) AL BEAE DA 5 B2 RS T ARG I 1
0.48% (5% 6); H5 L KR IIAEA [ PT RAM AL B U5 SR 8] 22 S AW (P=0.077); =ik
IRIAEA R TRV AL PR TT S 0] Z e A B2 (P=0.917).
2.3 BT RKKIEF T AT R AL AR

R TS B AT A BIBIEE R, ] LIS B IAT K KGN Al R AL U bR K+
PGS RIEEmT, 73 AR 2 AN T7 T HEAT B
231 EokBEmAl BDES RERIE R KIE ST, AFRRYIAL BT S5 10 -1 k%
T AR 72 5 AN S35 (P=0.429) , ANSE it AT AP AL B 73 3 A 3 R T A AL BT VA 2 Al 2 R AN R 2
[FIIF, 3 MR AL PRI 5 T AN F AL B . AR BRI ) = S AR . Flan, fEAE
TR BRI T 56 A, P EEE 10 4EJORIAR AR XA 1.97%, 7E BIL TR, &



AR B PR T 1.96%, (HIEFAHE (R 7).

K7 AN BHRTARTRYIAETREKFGRER 10 P KERRAS T

Table 7 Percentage area burned by different fire intensities for each treatment measure per decade under
simulation scenario Aand B

BEKBERBL (%) FEKBRTIAR (%) S KRS (%)
G e oy TCREKREETRL (00 ERBEKREMIBY (%) RSRELKRETTRL (9%

) Low-intensity Medium-intensity High-intensity
Scenarios  Total burned area
burned area burned area burned area

A 1.97 0.46 0.96 0.56
B11 1.96 0.59 0.93 0.44
B12 2.00 0.64 0.91 0.45
B13 1.97 0.70 0.84 0.43
B21 1.99 0.58 0.96 0.45
B22 2.00 0.58 0.98 0.44
B23 2.00 0.57 0.97 0.45
B31 1.99 0.60 0.94 0.45
B32 1.98 0.62 0.89 0.45
B33 191 0.67 0.82 0.42

TE: mOREZ: 4. 54Uk PIREE: 340K REREZ: 1. 2 K
Note: High-intensity: class 4 and class 5; medium-intensity: class 3; low-intensity: class 1 and class 2.
232 A[FISEEETR ORI AAUAE R LB, 75 KK 5N AR GR B KRR IARAE AN [F] B AT A
AFRTT RIARIL BE ) ZE R (P<0.001); AHATAYIALEE . R ATERY) L BR+iHRI KB H N
T 3 Bl R M AFE R E 2R (P<0.001). i, 5% A fHLL, J5% B13 flJ5 % B33
PRI 55 BT~ 24 R T AR 5 T S 2 44, 7373 A 0.469% 38 i1 1] 0.70% A1 0.67% (3£ 7, Ui Wi
AEFPER L R AE PR TR R PR 2 B MURE T RA) 2% B+ 1S IR 257 mT AR S 384 Jin R o 2 2K
FRIEAR ;PR B ORI AR FEAN [R] R AT R AL B 7 2 (A7 AE .35 2 5+ (P<0.001); 5% B13
FT7% B33 4p I ZIFEAK T 0.12%M1 0.14% (K 7); sk L KR IFRE A [F) rTAY) b 7 5
A5 B2 7R (P<0.001); o KBS AR BRCH HEAT P AL BRI 09 0.56% (R 7D, 9
PR BRYIAL BT S80RT DABEAR s o BE KR IR, 7 %8 B33 i N B3 . Pk, fIRALE
ZEL ORACBR AR IR PTRAD 25 B+ R K IR e S 2 A1 e 9 P K R T A
3 W #®

FRARHO A AT R 2 R J5e 1) B B AR 2% - (Bradstock et al., 2009), #E47 AR AR ] 54 b 22w LA
A R BEAR R K R S 2 A1 5 25 721 (Chiono et al., 2017), Eb4n Salis £5(2016) R 4LL 7 Hb o i s [X
BEAT BRAR AT R AL P )5 AT IR, R ILBEAE TR AL BRSO SE K, RRAEA L ki
PSS G35 AR AT, DR AW TT 20 K 5T AT A A B A R AT W I, RS &
IR KNG SO AT R BE AL . BORBEAT HUEL . PPAY o AR SCIRII ARSI T P AfAN [R] K 428 | B S
NHY 9 FRTEAIAL R TT 5, FE KBTI L ANIR] SR KR AR S FR BR R VE A A [ R RA P A B
T3 R MR K IE BT o

LR, 75 H IR KNI KA 5N BEAT TR AL BEESS AT UK A8 70 Fhsi B ok (3 kO
FIORPE K (4y 5 KD FEAWAMREREE K (1 2 Z0k0, T BRARAMR KBRS o 3X— 45 JLREIE 5
T AR AR B R, SR T SEREARM T IAI AL B H T, RO s K, A
JE N T AE KR AZIRTE 5 5 i 4 K (Reinhardt et al., 2008). {HJ2&, [H4R KI5 T HEHAT AR AL
BEBORA K KGR TUR, WRFABERKIERT, WICREMFRR, KEmAK, &
BT EAE D, BT TRV AR PN S LA AR B ROR, T RGBT, MR A
REAC, TR ED, R T R A ACR B2, X HIESE T SEAT KK R 2



R BN, 5 R R KR (Chang et al., 2007). Kk, B AT AR bR 30 15 B 0] 3
ANKIARES,  FF HA B 4H B g AT ARAR T A AL B

ALK, 10% AL FREIAR . &F 20 4EACFE 1 XIS, M AT A 25 B+ H R KR
77 SERT LA AL AT KK BUR N AR TR H 2% B AL A 5 FEAHE 1 R T
R BRI RIK BT B, T AR B AR H A 22, WTRE S BT 2 b T R AR R g
JiT DA s A9 26 P A B AN e ks 8] Ak B2 T R i/ B i ol P 28R 55 4K (Kreye et al., 2015) o K AT A
VLB BT A B AR R R A KR TR, S ECK G AT R HERR, B EARJOR AR
R KR EARTE R T 40T R, AR AR XD P AT b B8, itk DA AT IR BN, R 5 K
2B 9 E K % (Russell-Smith et al., 2020), A PLX B FF R BV B BRAR A RUR . I 5 xi E Ag
25 (2009) MRFFEAESRAH—B0 I AVCNTEAFAR B AE T, AT 25 B+t Rk e 2
BOE TRV BB, (BRI 78 3 R 5o AL B T AR AL B AR BEAT AR S A o BT DAASHIF 7
WRIES T H TR 2208 b X AR B 5 589« 4k 452 St K KIBUR, FHORAIERE 20 4F X 10%
(T ARHEAT — VO TR 25 B+ R K R AR B

AHIF T 45 TN KDL 220 b [X AR TR AL TR PR T — € (O BEAS H B, I RINHIESE T HET
AR BRI AL B 1) 00 BRI R0 o (R T ADAR B 70 AR SR A5 LA R 2 Fh,
A FACR A RER MR SLEMERGR I O Fh AT RV B 7 AT, M kA
MR . BRI, ARSRAE R 2204 b X S it AR AR AT R BT, ] gt — D AR St T R4 ik
AT 5SS SOREAT AR, R DA FEAH O 5T
4 &

K ISt K KBRS BURMR P II A T R, 5 R AR R KK o FARKIE ST, Mok
RAESNE, TR R8T BT R 5, P8ORS E AR, RIRAE 8 KOKEOR T
HEAT AT IR RO 150 B . FERLRN O T RMIALEE 7 e rp, & B33 TEFF{EAk
KOEE F R B, B, FRATR L & G T R 2 H X AR AT B b B 5
Ne ARUERE 20 AEXT 10% HI THIAREEAT — YCH AT #RY) 2 B+ 1l K e b 38 P Bl - 4k 825247 K
KSR . BT AT AP AR B 7 v TR SR A SO 2, 785 IR SE B 72 A vt —
WA SERRIE DU AT IR R, DAER B EE A B E AL 7 SRR TR b 3 &
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