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Spatial distribution and associations of Pinus
yunnanensis forests formed by 40 years of fire disturbance

in Jizu Mountain, Yunnan

LI Jinjie!, ZHANG Caicai'*, DENG Yun?*, ZHANG Churan?3, SU Weihan?, LI Shengfa?,
LI Fengchang*, TANG Zhizhong*, LIN Luxiang??

(1. Institute of Eastern-Himalaya Biodiversity Research, Dali University, Dali 671003,
Yunnan, China; 2. CAS Key Laboratory of Tropical Forest Ecology, Xishuangbanna Tropical
Botanical Garden, Chinese Academy of Scicences, Mengla 666303, Yunnan, China; 3. Key
Laboratory for Transboundary Ecosecurity of Southwest China of Ministry of Education, School
of Ecology and Environmental Science, Yunnan University, Kunming 650091, China, 4. Yu Jin'an
State-owned Forest Farm, Dali 671009, Yunnan, China; 5. National Forest Ecosystem Research
Station at Xishuangbanna, Mengla 666303, Yunnan, China)

Abstract: Pinus yunnanensis, native to southwest China, is widely used as a pioneer species for
afforestation. Large areas of P. yunnanensis natural forests and plantations provide abundant
forestry resources, playing a key role in forestry construction and sustainable development.
However, the high oil content and low ignition point of P. yunnanensis make it susceptible to
frequent wildfires, especially with the intensification of global change. To investigate the
community composition, spatial distribution and associations of dominant species in early
post-fire regeneration of P. yunnanensis forests, a 1 hm? dynamic monitoring plot of P.
yunnanensis forest was established in Jizu Mountain, Yunnan Province, following the standard
protocol of the forestglobal earth observation network. This area was a subtropical semi-humid
evergreen broad-leaved forest 40 years ago. We analyzed community composition and diameter
class structures based on census data. The g () function was used to analyze the spatial patterns
and associations between P. yunnanensis in different diameter classes and dominant woody plants
with different leaf habits. The results were as follows: (1) There were 3 088 individuals
(DBH=1cm), belonging to 30 species from 14 families and 21 genera, including 23 evergreen
and 7 deciduous species in 1 hm? dynamic plot. (2) The diameter structure of P. yunnanensis and
Populus adenopoda was skew-normal and belonged to stable populations. While the diameter
structure of Viburnum cylindricum, Pinus armandii and Pieris formosa was inverted "J"
type,indicating successful regeneration of with a higher number of small-diameter individuals.
This suggests that they may eventually replace P. yunnanensis forests. (3) The spatial distribution
of P. yunnanensis at three developmental stages (saplings, juveniles, adults) was mainly
aggregated, and the distribution of adults mayshift from aggregated to random or uniform
distribution patterns as the scale increases. (4) The saplings of P. yunnanensis were mainly
positively correlated with juvenile and adult trees, while juvenile and adult trees were uncorrelated.
This suggests that a healthy relationship within the P. yunnanensis population. Additionally, P.
yunnanensis showed negativeor no correlation with the dominant evergreen and deciduous plants,
indicating that competition for limited resources such as light and water. In summary, the structure
of the P. yunnanensis community is stable, and P. yunnanensis remaining the dominant species in

the early stage of community succession. The spatial distribution of its different developmental



stages is dominated by aggregation. However, the distribution of adults may shift to random or
uniform distributions in the future, reflecting cumulative effects of negative density-dependence.
Positive spatial associations between different diameter classes are also an important feature in the
early stage of community succession. However, as succession progresses, evergreen plants may
replace the dominant position of P. yunnanensis, leading the community towards a subtropical
semi-humid evergreen broad-leaved forest.

Key words: Pinus yunnanensis, spatial distribution, diameter structure, spatial association,

succession

TR AT 08 G5 M 48 A [R] A7 18 (1) A A I 8] 0 2 1) b 1) 2 RSORT 2R PO A 100, o ER R 51 1) A2
VR PE AT AE PR B L [R] S5 1Y), RERE PRI AN 4 B (0 G5 MPIRAS - PRI Ao 2 e 7 A S AR
FEIVIRFIAR R K S (Begon etal., 1981; &35, 2019). MABEAFE K & W BOMAKE T
FCERFAE, MRERER STy 3 M. PMERAMES, FREEEH RE 17 BEHR
GFR IR PRGBS, FIRE R o7 BIRRE AR R ZMA
%, INEHARA, R 2N L F R R IR AR (Mackenzie et al., 2004; I
FIFT, 2019)0 FHEEZR ] 7041 48 S 48 — € XA N PRl AMALE 2 8] ERIECE GO0, RERE S ety
FRER I WO L o A A TE) A ELAE L PR TR 3R A L e L S AP 0 T 7 46 A 0 ) RE 1) 5 )
(Law etal., 2009; Dimov etal., 2013). FHELEAFIK E BB 18] 53 A kg R AR A0 S 1 %
ANCE S5 R S R BT IR B SRS (Zhu et al., 2010). —f&TIE, FH/ANESR KR K
RIS AR, H A 8] 53 AT Ry M A SRR o A0 A B e o M 2 R SR AR A A, AR g DL I £
ANESFMHAL A, &5 2B A (Gavrikov & Stoyan, 1995; Lietal., 2009; Zhu
etal., 2010),

PN 2] VAL VAY SRV N e o N i3 e ey = (R AV A 56 -1 D e g ) S b B
ATy, TZ AT T IR E VR X o 2 B AR R 1200 DX LU AR ) S e Ao, 17 HLIAL
HAMBRRMZEHE, RAREENES, @F UM GRIBESE, 2022). A
M, ZERTE KT EEE NS, ARG H M ERHE 5F, ARORARM
TR A SB35 R B, 3X00) 2= B AR PR S5 A RN D eI B 1 7™ B REM (B85S, 20115
FRANGE, 2016). UTEREFAFAT B b 5 I = B TR AT TR AT, W EIR
SRZ RARA RO R BESE B Je Bl 4% (BN, 20185 fTk%%, 2021) SEETREIR & (M7kiss,
2020; fh&eaE, 2021) MUMEGERT AR (5 3CHE4AE, 2017) S22 ANJ500 . Flln, MERIT
(2020) KN =M = e RIMK TG = AR RS 248) “S” AL i T = Fg i e e A1 2
FRVRETIL, 50/ e 2 PR A RS 2 Y 30 WD 8 PR 39 v 06 AT 52 33878 57 R R 45 DRI ) PR A
W2 IR, FECMABE RS SR N LT, KT KEEE R =
MREGLRAFAE . AR REEH 2 8] o3 AT i S S SRBRAE BOBIE FEATS IR R =
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1 AR

RS R, T amE KEARABMAETE)EEN (25°56" —26°00" N,
100°20" —100°25" E), s — /A B R AW 22 A A ik - AR TE LR 1 140~3 320
m, i 7 NTERRA B S L 2 RSN GRAEHE, 1987). SEEHE SR, Wik R
ETHIRE N 11.9 °C, I H CPYEE 17.3 °C) Mg H CFYIERE 4.7 °C) R ERBK,
PR KEN 1192.3 mm GZBBFEMEAM, 1999). BT PRI, %X 20
B TEET AR S, SENEEN 1 HRSEERE4 A, WENEGES HE 10
Hy XM= i B R B A Tz XA g s R B 52m (RAESR, 1987). A58
L PR AR A R A SRS b [ — B T R A A X R RRAE , 4L AR 1) P AR AR R — 38 42 o R
AR, T 2% X S e A A ER AR BT A S SR I B (MR AR AR, 1999;
B3, 2011).

2 WHFRITIE
2.1 FEHIERE

2023 4F 4 H, IR EERHRMUMI MK 2% (Forest Global Earth Observatory, Forest GEO) #f
R BE bR AE IR , ZEXS 2 I T — R 1 hm? (8 = B A MRS S AL RS (100 mx100 m) (BL
N EIFRAG E 1L = B AR (] 1), FEMLEER VG 2 700~2 730 m (] 1) =382 th L
FRCHT 2 W 1 2 ] MO R PEAE A, AT (Lithocarpus dealbatus) JCIL4HE (Castanopsis
orthacantha)~ #RARA (Schima argentea) 5 NAERM (GKIERTE, 2024). HAET, ZFFEHK
THIGTER T Pz B Ra RSB A R AEAR . LTURE M AR R S, A b SCK AR R 40
254~ 20 mx20 m IAETT, FRREAEAS 20 mx20 m FIFETTHE— 25 K143 16 4~ 5 mxS m f/MEE
e REA T T, W /NETT WFTA DBH=1 em (AR A YA AT R RIC . HEhi g
5, TR E, CFEEA G BRSNS R

B 1 AR LR 1 hm? )25 50 E
Fig. 1 Topographic map of the 1 hm? dynamic monitoring plot of Pinus yunnanensis forest in
Jizu Mountain, Yunnan
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2.3 Z[E SRS

R 25 B A I AR T SLRRAE SRR IR SEBR G 0L /NS, 2018), ABFFIE = R A M T
¥ 3 AN KB BEAT R R 2R (1 em<DBH<7.5 cm). "8 (7.5
ecm<DBH<22.5 cm) Fl&# (DBH>22.5 cm).

AR5 RKH Ripley $&th 1) g () BRE T (B3 Aid& = 077 (Ripley, 1997), BPL5g4:
A BEAL (complete spatial randomness, CSR) AZEBAK T = F#A 3 SR E B B == 18] 45
it m (KEEME LT, 2004). 4§/ Monte-Carlo # &850 53 BAS X 18], FKEX 99% B 15
KPH B NEIEL g (r) @ T BRIBENRE M g () ART FEIBL NS 50 g (r) 1E
AL NN A . TR SR B O A SRR g2 () ST s EEAS 3 AN K B BB
J 5 HET N FL A S B R AN v B P 18] () 3 TR SGIME (R ML 2R P, 2004), [F]
FESRAT 99% B AG K1) B R LL, 3 g (r) HAEGIBL I, WEZEAHS: gn@) A
AL R, WE 2N g () EAMEL N, W& 2IEMEX.

3 GRS
3.1 REEYIMAR

YR LR FERARR 1 hm? B2 I DA A A0 R BIR ARG Y BALANE 3 088 Bk, 703X
953 ¥k, HJ® 14 21 J& 30 fp. Horfr, HERAEY) 23 B, TEHAREY) 7 R (R 1), WA
Y BRI DR BB AR 1316 #k, V&M BUEYIBLANME 43 ¥k WHEER YA B 22
BHRAERE, BEESKKASER, N S51%, ZEREN L IRAF. Wi
T E B BRI FN 0 A E K ELAR (Viburnum cylindricum)~ 1L K (Pinus armandii) 1
EW LA (Pieris formosa), %W BUAE ) B EAH 5K N4 (Populus adenopoda). #i
AR (B hm? MEE<1) L6 Fh, HFEHBMUEE 20%. AN TEANIYIANE B 1.

K1 =ERELZEAMA 1 hm? 3h 75 55 ALY F9 2H AR
Table 1 Species composition of the 1 hm? dynamic monitoring plot of Pinus yunnanensis

forest in Jizu Mountain, Yunnan

XL XU EDORTE S

KR HEH >34
WFh 2 FR Relative Relative relative
Number of Importance Leaf
Species name density Frequency significance
total stems value habit
(%) (%) (%)

Z A Pinus yunnanensis 1729 55.937 10.040 87.040 51.006 5 %% Evergreen
IKELA Viburnum cylindricum 349 11.291 9.639 1.704 7.544 5 %% Evergreen
W Pinus armandii 182 5.888 8.835 5.344 6.689 i &% Evergreen
LW LA Pieris formosa 189 6.147 6.024 1.183 4.451 5 %% Evergreen
BERAE Lyonia ovalifolia 132 4.270 6.827 0.453 3.850 i 4k Evergreen
TEBALHS Rhododendron beesianum 105 3.397 4.819 1.064 3.093 5 %% Evergreen
HEFP I3 Viburnum pyramidatum 55 1.779 6.827 0.097 2.901 %% Evergreen
JE ¥ Ternstroemia gymnanthera 67 2.200 5.622 0.755 2.859 5 %% Evergreen
KE#:HY Rhododendron decorum 88 2.847 4.016 0.744 2.536 i 4% Evergreen
LBAHS Rhododendron delavayi 56 1.812 4418 0.815 2.348 5 %% Evergreen
W RIIEE Viburnum atrocyaneum 18 0.582 4.819 0.040 1.814 i 4% Evergreen
AR Schima argentea 15 0.485 4.016 0.107 1.536 5 %% Evergreen
FIRAEMK Sorbus folgneri 13 0.421 3.614 0.070 1.368 %% Evergreen
W4 Populus adenopoda 32 1.035 2.410 0.068 1.171 7 Deciduous

A2 5EH Lithocarpus echinophorus 8 0.259 2.811 0.081 1.050 %% Evergreen




EIABIT Elaeagnus glabra 7 0.226 2.811 0.077 1.038 i 4k Evergreen

A KAE Rhododendron spiciferum 13 0.421 1.606 0.019 0.682 W 4k Evergreen
RUFHEID % Sunhangia elegans 5 0.162 1.606 0.009 0.592 75 Deciduous
SARVUIEAE Cornus capitata 5 0.162 1.205 0.177 0.514 4% Evergreen
Eik & WAR Quercus rehderiana 3 0.097 1.205 0.080 0.461 5 %% Evergreen
= M A% Vaccinium duclouxii 3 0.097 1.205 0.011 0.438 5 %% Evergreen
JGILHE Castanopsis orthacantha 3 0.097 1.205 0.006 0.436 5 %% Evergreen
KA 4 y1 Ligustrum delavayanum 3 0.097 1.205 0.005 0.436 4k Evergreen
= MiAES Rhododendron yunnanense 2 0.065 0.803 0.022 0.297 &1 Deciduous
HIm =5 1L AR Quercus spinosa 1 0.032 0.402 0.016 0.150 4k Evergreen
=M IUBKAS Eurya cavinervis 1 0.032 0.402 0.008 0.147 5 %% Evergreen

= Wi /NBE Berberis yunnanensis 1 0.032 0.402 0.003 0.146 75 Deciduous
I JE 5 5% Rosa omeiensis 1 0.032 0.402 0.001 0.145 7% Deciduous

W F Euonymus frigidus 1 0.032 0.402 0.000 0.145 7% Deciduous
AR Quercus acutissima 1 0.032 0.402 0.000 0.145 75 Deciduous

3.2 RgEEW

TP TS R AR R R 2 <17 B (B 2: a). FEHBNAMER S/ NE A
1.05 cm, T AHI#E N 51.82 cm, “FHREN 9.76 cm (B 2: a). BEERRAARIN/NEHEE
Z, REGMEEELD, Hrd DBH<10 cm FIMSZAMAIES 2 093 £, (54T 68%.
= AR RE AR o0 A R mAS Y, BK_E DL DBH=11 cm JU§AE 1A I8,  81%I1) = ra A
MELEHTE 7<DBH<22 cm, A 1405 ¥k, H4ilt 228 Bk, o0& 1373 ¥k, B 128 #k
(Kl 2: b); WRMEMKLAAR, LWL SR KRR EE <7 B, HA/ME
TAMEKEZ . BN BEDHEE S (B 2: ¢, d, e); T BUR Y H-47 i A4 K B A %o ¢
b, HED DBH>6 em M, R GESIARmES (K 2: ).

B2 =X R L =AM 1 hm? 3735 AR R R E YRR A0
Fig. 2 Diameter classes structures for woody plants of the 1 hm? dynamic monitoring plot of

Pinus yunnanensis forest in Jizu Mountain, Yunnan



3.3 FRAAHSR

SEEFENURAL ST R, SR MAFEEE 3 MR B Bk - B RE At . BEE 20
REERIREIN, Sk R AERR AR (B 3: a). TR RAEFLEAE 0~11 m ¥ _EBWIFEAL,
W J5 7 KR 3B AR A BENL 0 AT (B 3: b)o FHEE KRN R B #2 B AR 0 A, (H
TE 22~25m RJE ERIABHLA (B 3: ¢). WK 4 FiR, 3 MESMEYKIR (K 4.
a). I (B 4: b). EWDEEAR (B 4: o) LK 1 FEHRUAED M (B 4: d) RORREE
AR FARIUNRENAT . VT B = R AR o A LR N 3

a. 208 b, R e AR
a. Sapling; b. Juvenile; c. Adult.
K3 ZFSEL A 1 hm? 335 R P = B A MR 2 R 20 48 R
(LA Z RN FHR)
Fig. 3 Spatial distribution of Pinus yunnanensis population in the 1 hm? dynamic monitoring

plot of Pinus yunnanensis forest in Jizu Mountain, Yunnan (CSR)



a. JKZIAR; b, IR e SEEHSIFEA; d. W47,

a. Viburnum cylindricum; b. Pinus armandii; c. Pieris formosa; d. Populus adenopoda.

B4 =R ZERA 1 hm? 375 B A R S EEY 2 R 2 iR

(LB EZ RN FHR)
Fig. 4 Spatial distribution of different leaf habits species in the 1 hm? dynamic monitoring
plot of Pinus yunnanensis forest in Jizu Mountain, Yunnan (CSR)

3.4 ZEEAAT PO A A SR Bk i

R RAE 0~8 m RUEE BRI IR R, AR R RILY AR A ES 1)
IEAHRAZ B L (K 5: a); 4RI JL-PAERTA RUZ E# R IEA R (8 5: b): s AIEg
WAERA REJEE N LFHEAMR KR (B 5: o).

A SR N FA E SR AR TE i B RE A ) b ) S DL AR AR S - (B 6) .
m, mEfaSKAAR R REEEN 2K KR (8 6: a,b): mFEir 53RN
AR AR IR K R (B 6: ¢, d).



a. HIRAIP; b, SRR e HPBRRT R .
a. Sapling and juvenile; b. Sapling and adult; ¢. Juvenile and adult.
Bl 5 ZESRE LR 1 hm? )75 YA P = B R RS R4 4 0 22 18] < Bk itk
Fig. 5 Spatial association of Pinus yunnanensis population at different diameter classes in the 1

hm? dynamic monitoring plot of Pinus yunnanensis forest in Jizu Mountain, Yunnan



a. WHRAFKZIAR b, mFa MBI e ZBIFAAISEIN SIEA; d. 2 REAR AR 477
a. Pinus yunnanensis and Viburnum cylindricum; b. Pinus yunnanensis and Pinus armandii; ¢. Pinus yunnanensis
and Pieris formosa; d. Pinus yunnanensis and Populus adenopoda.
B 6 ZFMELZFEMAMA 1 hm?3)7A BRI A = R
S REE WA R M S PR S Btk
Fig. 6 Spatial associations between Pinus yunnanensis and species of different leaf habits in

the 1 hm? dynamic monitoring plot of Pinus yunnanensis forest in Jizu Mountain, Yunnan
4 Wig

4.1 =HEMRBRYFERMEREN

LRSI BERARR 1 hm? Zh 75 VRS I S48 7R 1 %4 X 2 B A AR 10 P Ff 4 s A
AR, BEHB IO R 30 MR, KB 14 B 21 B, HAh mERA L1 729 BRI %L
TR R EME S 1% M A A AT . (R AT AL TS S I R GG s R AA AR,
SR FEME 47 FARAEY) (FE=13m, ZFEHE 24 MEAN 20 mx20 m, 20
mx30m, 30 mx30 m Al 30 mx40 m FIFE ALY Ak GEFIT, 2019), ASFEHA) LR
AR, B H AT B = B AR AE D 2 REVE AR R R AL M R T R . Aok, AR
RIE L 1 hm? B = B AR B2 5 87%, TIEFIfE (2019) KRILZ e Kt = Fgfa it
HH, ZEAAAHAT R R G HOR 74%, BAR T AT R, U KT IR BT B A
KPP . CAEPRERMH, WMAMEmEK, HHRKZYFYEE T R AT,
Ae K AR E AT TREVE TR UG 5E, 2023). AWFFER I, B =1L #k (Quercus spinosa)
MZFGMIKRS (Eurya cavinervis) S5 i U AHE =0T W S ik bR 008 R R . AT
TR B W 2 B AR P I TIUR 6 BE T S I R, X L) h ] B S TEREVE R,
HHAES RGN E LR RS A .

TR L B A REETS N T A AR AR AN S B R A AR S Ry By S « 17 A (&
2), VLHIREHL N (I NERARIR 2, SR A A, WP RET R, BERRER T RGP A
R M m RPN R R ZIURE DA, PEREMEER S, FREHRN N
e (B 2: b). XSS (2018) Xf = b K = AR UG MRS S5 218 “T7 ALY
W5 AN o UL [R5 B B B o B AL PP B AR L S M 2 I AR 7 3R B A [ 9 2 R Y
SRR AR B R R . RS ER S 2 MS AN EEREZ: (1) =
A BT BRI K B8 ST AHIEFAEHL IR 25 B FA R 40 S AT Ay 1 IR T o SR R AR, A
P TR fl, 2 B AN R R B, JEIR TP U ER R SR, TEEZ KK TG, REAEiE
TRH = RS AN B N BLTE b o (2) AR Rl T FERE . K I v TR U [l 2 B A AR ER
BIFFIL (XSS, 20175 A%, 2019), [HE5R T/ H GBI = Rl 8 RS
FERE T 50 T N ILTE I P SRR AME . (3) B3R FEERT R . K TP BRAR R B R A
IR, SUB NSRRIy, N T AR R AT IR I, AR R PN AT 1T 5 B
PEZ BRA BT K, TERILTE /MR AMAE (Deya & Hartman, 2005). (4) #IH AN A& o
WA R, AN LT R W miaghty, RERE 12 HH 5= m N R 10 Rk
YT, AT SR R R, 4 AR DAAE LI PudUE b, X BB AR IR
4 AR Z K T R A S . hAh, K2 HUE SR AR A A ) T AR R RN
BRI N, X —I R~ IX LAY N = B AR BT A1 o 2= R A MRRR Sl AR DGR FA S5 A
XEEHEE T B (R A B0 NSRAE T A RIS . FRATE B T 4070 £ KR SENT S
KREFHSBEMARL, X —RKIMKH, BEEES MRS, WR SRS NMER MR B
R RGNS, TEHT R AT 108 SR AHE Y 1T g 2 3 438 i JLAE RV v (AL 3 AT, S KB
Rz A RO IAETE, (AR ANV 10] 05 3 ] i AR TR 2R 7 1) R o



4.2 AR R RB

RAGR TR, ZFME=NARRE BB (G PRI I DL S
DATNERRE S (B 3)e — RIS, NUE ERRER MY SORE TR, AR IE ST R
R R e SRR 70 A B30 (Condit et al., 2000). ASHIF T WL b 3= 2 5 AR 73 A AE 4
ARG, iR TERE L TR A R IR R v (B 3¢ a,b), Uk A GRERT H f  AS F]
(A 358, TXRN K ALY () B8 37 2 2 M TR AL 3 IR -1 (R 2 PRI T e 485 SR e — 31 . R A
TERUNHAM, AR ER R R EAE BRI, 5 T BEI RG240 (i,
FEMLPEIL A — /N g i) A, SEChW 2R ES A (BRI, 2013). X505
S5 (2021) XFESPEALHLIX R AR 25 i s A 2% ] 23 A (R F 9 45 SR 40 B AR w8 3 bl T B 1)
FEAAR BN 25 5 RINN TR 3 AR FF — B AW TE I = B ds 2 B DL 2 SR AR A vl g & el
AR AT R, BEVE AL T K GBI, =B ANMAER R/ AR A E AR S, SR
SERSHPEN R, B, RATEE SR SR AR AR R A T L RIFIIR E .« X S5BEE R
(RIIE R, 52 % FRE ) 240 R PR P B2 R ) S, 2 ) 0 AT 4 = i 1) 35 S0 BB AL 23 A B F 9 45
ANIF) (Erfanifard & Sheikholeslami, 2017). & & M BCER 4 AR # 20 B T3 0 Fp (e BE7E
W5 e T DA R R BR F3E B, (Kang et al., 2007). FEEEE 31T, = FA IR 2
SN R, Pl SEGE IR, AR T — PR R B R B 1 R RO R AR K AR IR
SR NBENL A, FLAAT 3 S o AT EE AR R B, T T B R 20 ROV I E BRI R B
EFZN. (Janzen, 1970; Connell, 1971).

AT TR I 2 FEAAFPREAN [F] A B M B ) 25 (8] DI 1 DA IE AR DCFI AN AH DA 32, U BH 12 X 4k
RPN G R RIFBAES M ESR D, BARKEHERES (B 5). 95 REH /AR
FEE 7 () IEAR DG OG R Bk T aX AN B W BOAMAR A58 TR R e B A — Bk, TR 1A
HARFEMAERS R R CREGS, 2023). IR FRR R B0 EMAH LR, XML
TR B AR RS AR 308 3k 5 o) 240 B AN R 5 4 5o A 7 AR B BRI TE FL 45 SRR A — B (R
EEEE, 2022). AR FNFRMR R TS, B R 2 18] 0] B H A AEAE BEFT A1)
KA. L, Bobd prafsan 1% — i B B 5 A e ELEAE FH T2 o b Rl s 2 (B 78 BT R
FE 0 LF BRI AN AR G 56 22 AT e A R K 5 T B T A DS VR 78 /2, A A2 08 1R AR 25 A7 23 1) G
SRR AR KR B o AT BB R N ARE - P R AN R AR X e /b, A L TRD PR BE B 3ok,
HRAAAAE SRR R R (MARSE, 2018). X HRRAESE (2013) XEH = F A RIAMH 7T & I
(A TR A2 4 I 5 B Z (R 25 SR A R o T A TR I8 2 B B 4 R 2 B A TRV A 2 O LA A7 22
o IR A R ZEIRS) v RE R AL IR, 1 I AT RE A AR A A 1) e

A SHEVE I SRR BUEY) 2 DL OCRI A A DGR RN 3, AUH = fa i sE
T S R A AE /N RBETE ] AR ERRSS I IEAH DGR R (Bl 6)e — MM &, BEVR AL T BT
W] IR B AR AR A, 2 2 IR AR ) FOCTE, IR SE R B IEY (SR 1A%,
2004). FfEBERE B R R, PR IR ORI AP Y 5E,  BEVA N 2 R AR IR T 1A T AR
EILAE (FLEAREE, 1995). AW FEHLIEAL T RFVA R B IR R R, =g sy B
AAIPARI IR TR K, S EBE S, FAERFRR, UEMB AR, Ik, i
W B R AL, SRR BN E, T SRR AR EBENIR T rEfs, HAE
WA NI, T R AT . WA B AT, W SR AR T BN 2 B AR B R AA MR N X
WA . = PR T B A7 75 BT A ROBETG ] P 35 T 2 2 A O, BB A 10
RN K 53 S BR ) 1 R R AN AP AEFI IR SE 4 o IX S PSS (2011) 5% 1 hm? BRI AT UK AR ARRE 1 1)
W R IR ER 3 M0 2 18 A S PE 45 2R SR S, = E s S A R 1 B85 A i
X B AR AN E AR, DR AR RS Y 6 0 P 2 (DA LRGBS B TEAR G . ARAK
FEVE TRl E] A ELAVE RN S84, A 28 T HEVE 1030 B AR e BEVR 45 M IR TE B (Yao et
al., 2022).
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