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on structural equation modeling

MO Yongjun', CAO Xiaoyu'> ", ZHAO Wenfei' ,XIE Zhengchang', SUN Yaping', YUAN Da', ZHANG Zelian',
WU Shuping', WANG Menglei'

1 College of Forestry, Central South University of Forestry & Technology, Changsha 410004, China

2 Key Laboratory of Management and Testing of Forest Resources in Southern China, National Forestry and Grossland Administration, Changsha

410004, China

Abstract: The stand structure diversity of Cunninghamia lanceolata forest was comprehensively evaluated, in order to
provide the theoretical basis for improving the stand structure diversity and accurately formulating forest management

measures. Taking the Cunninghamia lanceolata forest in Fushou experimental forest farm of Pingjiang county, Hunan
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Province as the research object, the stand spatial structure unit was constructed by four adjacent trees. Nine indexes were
selected, including complete mingling degree, Simpson diversity index and Shannon-Wiener index in characterizing the
stand tree species composition diversity, size coefficient of variation, mean size differentiation index and angle competition
index in characterizing the tree size differentiation diversity, and uniform angle index, storey index and spatial density index
in characterizing the tree spatial distribution diversity, to construct a structural equation model for the evaluation of stand
structure diversity and determine the weight of each index for a comprehensive evaluation of stand structure diversity. The
results showed that; (1) For the structural equation model of stand structure diversity evaluation, the Chi-square degree of
freedom (X*/df ) was 1.409, which was between 1—3. The values of CFI, NFI, TLI and GFI were 0.985, 0.953, 0.978
and 0.931, which were greater than 0.9, respectively, and the RMSEA was 0.048, which was less than 0.05. All indexes
were well fitted, the fitness of the model was good, and the research requirements were satisfied. (2) The weights of the
three endogenous latent variables stand tree species composition diversity, tree size differentiation diversity and tree spatial
distribution diversity were 0.3518, 0.3201 and 0.3281, respectively, with approximately the same effect on the exogenous
latent variable stand structure diversity. The Shannon-Wiener index was the key factor affecting the stand tree species
composition diversity. Angle competition index was the key factor affecting the tree size differentiation diversity. The storey
index was the most important factor affecting the tree spatial distribution diversity. (3) The comprehensive scores of the
stand structure diversity of Cunninghamia lanceolata forests in the three age groups in the study area were 0.3364, 0.4396
and 0.4588, respectively, which were evaluated in the grade Il and II. The stand structure diversity was low and did not
reach the ideal state. In this paper, the evaluation results objectively characterized the current status of the stand structure
diversity of Cunninghamia lanceolata forest in the study area, showing that it was scientific and feasible to apply the
structural equation model to evaluate the stand structure diversity, it is hoped to provide a new idea for the evaluation of the

stand structure diversity.
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Table 1 Basic conditions of sample plots

o pg FRAR Sl - Wk WEBE PR o
Age groups Plot codes Spemes' . Slope Slope/ ( °) Sl(.)?e DBH Mean crown/m
composition aspect position range/cm height/m EWXNS

4k 1 7K 2 W+ IR-H - H [l 5 h 2.8—13.9 4.1 1.8x1.8
Young forest 2 542 5 -t —4h-28 [LiE]# 24 T 3.2—15.1 4.8 1.9x1.8
3 780 3 K+ IR -4 [ 5 I 2.3—11.1 3.7 1.6x1.6

4 512 5 Mil-h -y i} 25 E 2.2—14.6 4.2 1.6x1.6

5 8 12 2 Hil-#h [} 26 o 3.6—11.5 4.0 1.7x1.7

6 7F 3 Hi+iE-1 i} 4 T 3.8—11.7 4.1 0.9x1.0

BRI 7 9 F+UR-ZE-H - P4 27 o 3.7—23.5 8.1 2.4x2.4
Middle aged 8 9 K2+ 11— -1k ZRdt 28 s 4.1—24 8.4 2.6x2.5
forest 9 9 AZ+H1+ B 2% ARk 20 w 3.2—25.6 7.9 2.6x2.5
10 9 K2+ I+ IR -ZE -1 [l 10 T 3.5—27 8.0 2.8x2.7

11 10 A2 +H-ZR -5~ -hik It 23 s 4.1—25.5 7.7 2.6X2.5

12 9 FZ+H+ 25~ - TR it 30 s 2.7—26.2 7.9 2.4%2.3

IR 13 10 FZ+4ik 3] 30 Ex 5.8—24 8.8 3.8x3.0
Mature forest 14 10 #2+HE-Hh-hif [} 29 I 43—225 9.1 3.3x3.2
15 10 #2-25 -t -41 4] 21 i 3.1—27.8 8.5 2.7%2.5

16 10 #Z-41 3] 31 i 2.6—28.6 11.1 3.1x3.0

17 10 #2-H¢ 3] 19 T 5.6—32.5 11.5 3.1x3.0

18 10 #Z-41 ] 32 T 2.3—26.2 10.3 3.0%2.9

12} KR Cunninghamia lanceolata; Wi : Wi 12 Cryptomeria fortunei; 25 : ZEW Koelreuteria paniculate; B B FE#) Pinus massoniana; #b. T # A
Liriodendron tulipifera; B : H ZRWiHE Cerasus serrulata; . WA Paulownia fortunei; ¥ . ¥ IUAR Pinus taiwanensis; B : BF 1Bk Amygdalus davidiana ; T :
I B 5 Micheliamaudiae ; ¥ : 359 Melia azedarach ;1 ; ¥h# Castanopsissclerophylla ; #E . Y6} HE Betula luminifera; ¥k : 1% Quercus fabri; 21 41545
Taxus chinensis; DBH ; JJfif% Diameter at breast height; EW : Z< P4 East-west; NS: %t North-south
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Fig.1 Theoretical model of stand structure diversity evaluation
nl MR T AR PR BRIE AL TR 22 s n2 IRV U AR PE R BRMEAL BR 2 5 n3 MR 23 1) 73015 2 REME AU BR AL TR 22 5 e] . IR A A
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Table 2 Hypothesis of structural equation model of stand structure diversity evaluation

RX)F5 Number B % M % Hypothetical contents

{84 1 Hypothesis 1 AT LE 80 22 PR X B3 254 22 R B 35 E ] 5 )
fE{B% 2 Hypothesis2 RARINGA 22 B P X B G345 40 22 B VAT 0 35 1E 1] 5 1
8% 3 Hypothesis 3 MR 23 (8] 5370 2 REPE XS RO 2540 Z2 BV B 35 E ] 5 )

() EERRUE K%

ARBIFHS R S B LA R4 Cronbach's Alpha) CEHR AT SE4EAMHT, LR BOK T 0.8 1267 SR (5 B2 4
B T332 5 PR 9 0.5—0.8 155 5% PR BE S5 4 1 ( KMO ) K X BCHR 08 73 1 46 0, ELAH RS 5
(KMO) #55fH R T 0.7 3E- A AT T30, I KI7E SPSS 25.0 #F 58 it

(4) BERLERLE R 3
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J MR AT 5 BT A0S e B2 A 3y, D PME TE T TR 36 , 0 DRI AR BIAT & SEBR B L 5 B s A U1 H B 5843
PRI | 5o g B 7 R B A A A AR
1.4 MOZE LR AT
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SN AR E BIE S B0 2R AR AL, ot i T Shannon-Wiener $88UUE 4 [0,1n(S) 1) (S A Fh%L, A
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2.1 MROTEERG ZREVE VAN 2540 Jr R AR
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PR FR R 1 o] S50 5 P A 4 5 (38 4) I .3 AN IR B AR AR B MO B R AL R 2 AR AR RN
G2 REPEFIROR 25 0] 3 A 22 1 1) o B3 20 M R BRI 51 (KMO) R B0 (E #4 K T 0.7, Ul B A ' 3 ik
15 BE VU R B0 , 15 BE PR 30T, 38 A W EEAR T 5 ) AR LAY
2.1.2  MOEER ZRE DA S5 A RRAR R e

R B3 T B G S0 28 SR S R O A PR R HUAEL X /df BO(ELA 1,409, 4T 1 —3;CF1 A 0.985,NFI 4 0.953,
TLI 3 0.978,GFI 7 0.931, %K T 0.9; RMSEA 4 0.048 , /N T 0.05, #fF: AMOS 27.0 izf745 BE W &l 548
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HT 1] 2 AT VAR AR SRS R A B PR MR R/ ING A 2R R OR 23 [8) o3 A Z2 1k 3 DRI
T3 r (EDFRUEAL AR 2250 43 )0 0.89,0.81 F1 0.83 , 7 & IR AR H 550K 70 &5 ¥ S R [B] 47 A5 1E 17 R SR 6 &R
PRV, B 3 AN AT AR AR i B SR AR S50 Z R PR B 2, WA 5 TR AC B | Simpson 24
B4R Shannon-Wiener 5 Z07E P AR VTR AR SR B A AL Z2AEPE T A9 3 m7 43114 0.87,0.89 F10.96, W AR
TRV S B KN AR BE BB AR BOR 22 R 55 e P 500 N ARV FE AR S MOR KN AL 2R 1 i 287 43 3 R
0.82,0.86 10.93, MLINAF 2 A1 RUE ARIZFHE BN 23 0] 5% i 5 BU7E P9 A= AR AR B MROR 23 (8] 40 A 2R L 1R 2%
i 43314 0.84,0.88 F10.74, 3 AZEZEFN 9 AWM AR & 1) A T4k Bk B Se 1T 8.3 (P<0.05)
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Table 3 Classification standard of stand structure diversity evaluation

MO LRV 1553

Comprehensive score value for

L The description of stand feature Evaluation grade
stand structure diversity
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Table 4 Evaluation index data reliability and validity test statistics
e PUMIESS ¢4 e B L ey R K RS & 1 (KMO) K2 36
Potential variables Number of observed variables Cronbach’s alpha Kaiser-Meyer-Olkin
RII AN L IR 2 R 3 0.891 0.731
Stand tree species composition diversity ) ’ ’
AT N ZHEN
Tree size differentiation diversity 3 0-831 0.729
MRz I 15 b \ o0 o3

Tree spatial distribution diversity

2.1.3  WROTEE I ZREE RN PR AR B I o 45 R

BT SR RSl 1 T BRSO B AR B, MRATE5H 22 FE PR A T R AT 28 0k IH — {16 R BUG
JASEE RN 5 B, BT g0, AR R B2 FE AR J K, by 0.3518 , R BRI R P A B 2 REME 2
RO EER 2RI ) R L MO R/ INI b 2B RIMROR 23 18] 43 A Z2 R 1 AN B2 R A 4304 0.3201 F01
0.3281, TEMKITRIZH M REPEE 2 b, Shannon-Wiener $5 50T (5 FOALE i 55 (0.3529) , S5 MRS B il 22 4
PER)SEHER 2 HIR N Simpson ZREMEFESL(0.3272) , &R RT 5 AL fe ik (0.3199) ; FEMA KN b £
REMES R T AS A Te e BT R B R (0.3563 ), K/IN B BE Y (EF8 B A/ NAE S 2 B0 o A FR A 22
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Fig.2 Path map of structural equation model for stand structure diversity
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Table 5 Calculation results of stand diversity structure index weight

Hr)z T2 E EieL iy HE
Target layer Criterion layer Weight Index layer Weight
MRIFEE G Z2REE RO RN AL 22 Rt 0.3518 IR 0.3199
Stand structure diversity Simpson ZFEMEHE %L 0.3272
Shannon-Wiener #%{ 0.3529
MRA KN 2R 0.3201 NS S B H 0.3142
KNI BE B E 4R EL 0.3295
S TR AL 0.3563
MARES [ 4310 22 R 0.3281 R 0.3415
MRIZHEEL 0.3577
=[] 5 AR A 0.3008

2.2 AL MR 251 ZRE TN 25 R

H 2 6 NTAIRNRIS LUAZ AN 3 AN AE AR R 28 A AS 0 ARG, Horp Al bk R I MR Y 25 5 15
535102 0.4588 ,0.4396 F1 0.3364 ,3 MB LIS G5 Z AL G AL T 11 1L S5 5%, 2l ARA i bR ] G i 2
255 (P>0.05) , {H BB S MORT Fh IS RIS A AE I 25 22 S M (P<0.05) o AR 4548 Z A6 3 NI AR IR TE
AT 5, AR B ARS8 R 2 i AV 10 B I T AR AT i AR ( P<0.05 ) 5 TR BRI AR A R/ N A 22 A
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S T AR (P<0.05) 5 TIARAZS (8] 73 A ZZAREPEAE A Rl RS 2 8] 22 57 AN 3% (P>0.05) o 2R8I,
WFFE DA [ LA AR b A1 SR SR BB MROAR /I T B S MROR AR R A5 H 78 57/ N bR 7K F-
25 () 2 P R B2 (A1 2854 S5 SR PR AT, AR 5 2 R AR RIB B BAR RS

k6 MOBHMESHENEBETERESRS

Table 6 Latent variable value and comprehensive score of stand structure diversity

MR MARKNIY MR =S i) 43 RYCHVN
el IR RN flee 2223 A ZHEdE Co: ':th'nsiVP R34
Age groups Stand tree species Tree size differentiation Tree spatial distribution prene ’ Grade
composition diversity diversity diversity seore
HHRHR Young forest 0.4926+0.06a 0.4634+0.09a 0.4181+0.09a 0.4588+0.02a 11
H AR Middle aged forest 0.3891+0.06b 0.5054+0.06b 0.4294+0.07a 0.4396+0.01a 11
2
FEAHR Mature forest 0.1460+0.03¢ 0.4737+0.07a 0.4065+0.08a 0.3364+0.05b 11

[FIFUANTR] /NG Sk FR N [ e 2 ) 22 57 1 3 (P<0.05)

3 it

MR RS RS — RN, LM AL S E AR 250 Z R MO R et S5 429
SRS EEINR . BT, A T SR TE S TSR (EE RS S5 2 R A T
RO OB BCR B WLAGE . FAT, AR E A FE TR S R 5 TR T —SE R (H R s F AT A
PR AR AT PPN 5 RV AR 45 K 2 R LA B2 AT A 295 2R 0 0 WL 5 383 P o o E— 2D AR5, R O AL
FEPPO AR GG Z2 AR ROR SRS B A P A 9 (9 PN O I AT R BB B — T A Bk A B AR R 5
B

R B PEN T2 B LN MR G5 2 REVE I R R . BT TE R F 454 75 RS TR 5 18 AR AU -
RO AWFFE R BEEXSWFFE X 3 R AT AR T S Z BT . SR B, 3 IR AZ AR MR 73 454 Z AT
WIILEETF AL T 0.3364—0.4588 [a] , HAPPAN SF AL T 11 I #9425 4%, RV T4 22 M — ek . 2 HR
IR WETE DX BRI B A AR SR Wb Ak S5 W BE AR K25 () 250 5 T s () 45 4 S S P AR bR o
RIRFHHHE S SRUEMERE  RAETE MU 2k ZFERIMITE5H . MR G500 AR PRI B8 AR B 45 R 87 < R
PRTZEL B2 R E SR R MUK T A5 A 2P B SC R B3R DI, D4 MR IR b AL I 2 A e, IO 08 5 2 5 v E R
PEATPER MK, P85 AR g R BE A b 2 5 B2, 2 bk T W A4 At 78 12 B0 IR, (2 HEAR IR SR AP Y A 1K
PR 25 BRSO B AR v A 5 T 2 b B S ] ik B of bR AR o TR S A B DA R el = R A L B
S R R RN R R R R AT L AR | et b O R R A3 B R R bR 4
TRACBE ARSI  NIF T2 5 Simpson 22 FEPEHE AR Shannon-Wiener #8545, [ b, 465l 22 B¢ 1 1147 il
Z R MR NABS R S TREA — B RN A RER R 1 R 1 R SR BE ST, IO M 3 1 Ak
TR AR R IR Z PRI AR R L R AR SR AR TR S i AR SRR AN R R,
MARTIN A Z R FIMOR 25 (6] 315 Z2 B BT A AR 22 A8, P P 2 S WA 45 F AR PR B 2R
S AR B2 5 RS 5175 100 ) 58 # 5 S PR BURSE M MROR R/ N MEZ B R SCHE DN 2%, L T I8 =5 5 R bR T
MRS A T LR S BE BA A BRI, D007 5% 1 82 WO MROR Y St A2 I, 3 T 52 Wi bk 23 g b =
AR AR KN ZREVE , 10 BRI S S S, AR AEAR R A SRR R A 3 X R A
BARREEAR, SR AMEIE A S A A 2 R Rl AR A ST A TR AR R A ORI AR &, D o P o s S5 0
Fh e RS AR R/ N RV 7 s 13, B ARG TR I 2R KR 3 DA ORBR TR, bk A3 R
(ARG EE A AR 2 A B 2 B 2 AR AR T AR S5 1% R TR B MR RN 2R L X TMROR 23 [0 43115 2 4
e ARZHE RO IR K, DM 88 35 5 0 2 PR3 1 SR )y B R R 2 R RR 0 MO 5 )2 1 3 E RN
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B R 5 RG34 [B) 45 40 22 38 AR A3 v 9 BE ML AR R FH BE AL A 4878 & Bt o N TARAR S T 1 ¢
B A ERE AR K A% JRy AR i IR T T EHL VI PR R B R AR 43 /K - 25 i) 65 ¥ 22 B i T
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TG P P ARG, B0 X R TR R A T R (AR B, 30 W] LA R 0 ) ) ORI 725 S i 3R ] L L A v A AR T
1T S AR 53457 Z2 PP E TS AE A48 15 5 ORI A% £ (W] 1Y A2 2% O 3R, LA 8 MR 3 254 2 REVETE M R A, 4 171 %%
W H 4 T P AR T S5 A ZREE I BUIR . ISR 25 KT, R 254 ZRE VTN 2540 7 B SER  R 5 1 Hh
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T ZREME ORI KOF 5 36 BLA i Ry 2 AR oA, — e R 4 T MROR 22 R 0 A 264 2 RO o 540 2
FEPERL SR, AR M ARSI ST 5 1, A5 A0 R R AE A DA 8 R G RR & OC R 181 HLAT 58 K BE ) AN
KA EEAE DY ol i B R R E R R S E AR LR ARGk T — X — A B R
5T, AR 2 i S AR S-S5 2 RE PR B T A OB LA SR aE 1T L ISR R, 45 0 R A i MK
A b B U S A5 B A B ] 1) 96 2R 500 38 5 X AR 5 F S REME OS4SR 2 45 o
B A2 B R A AR 7 R R A 2528 4 R 4325 () 45 44 5 FR PR AEE I 7 ¢ L S il R b 2B 28 R 52 45
TS AT TR IR LS S, (H T4 R O AR AR AR AR B R R, T K AR R
B R B AR5 4 22 B AR A AR A T ST I | LA BRARUK o A AW S0 A A1 R 0 25 # 2 R P 1
el

4 #ip

BIFTE DXAN [ I 2 AZ AR B 24 P 5 R SR B AT, RO R/ N AN T B G O AR S 2 F 72 e/ Ry
IKV-23 (A1 25 K AN T2 (A1 45HG S5 PR B , AR 54 2 RE PR B, RIS BB IR, S5 A 7 R AR AU ik — 20
TR AR b 2 B 22 REPE R R M AR 25 1 AR R Y S B 23R A L-P AR S5 AR R/ N A SRR R OR 258
8]0 A AR PR AR S A Z RV E A 2B DAL, R B XA AR MO 0 45 4 Z2 R 1k e BAR, i
BRI B 2 S R PRIV A R FIARAR 22 (8] 230 A1 2R 3 A5 136 T, RO R 9 28 B it
SR RIS ZRENE S B A S AR RS (R R K R MR Z R D RE Y FE 00 KA TR AR B Al R4 2208
R, BFTEIX 3 DRI PP O A5 R A S 1R S5 2 REPE R BRI Ui D] FH A58 7 PR A E
MO EERG AR R R ATAT R, Al bR 45 R 2 RE PPN SR Bt — S A i S B

5% 3Lk ( References) :

(1] ZetgeE, WMok, pemilg, skem, F&, XEH, 2R BANTHIEAREERVILHR. MR, 2014, 50(5) : 90-100.
(2] &rFde, ypiaptke, 4, K, MBW, BRI, 8%, AR BEXTAZ AN TP T RLBR L e vk B A58, 2R 25440, 2021, 41(11);
4521-4530.

[ 3] O’Hara KL, Latham P A, Hessburg P, Smith B G. Technical commentary; a structural classification for inland northwest forest vegetation. Western

http ; //www.ecologica.cn



2 4

TR AF T AT R T AR AR S5 A Z R A 755

[4]

(8]
(9]
[10]
[(11]
[12]
[13]
[14]
[15]
[16]

[17]
[18]

[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]

[28]

[29]
[30]

[31]

[32]

[33]

[34]

[35]

[36]

Journal of Applied Forestry, 1996, 11(3): 97-102.

Buongiorno J, Dahir S, Lu H C, Lin C R. Tree size diversity and economic returns in uneven-aged forest stands. Forest Science, 1994, 40(1) .
83-103.

Zhang Y, Chen HY H, Reich P B. Forest productivity increases with evenness, species richness and trait variation; a global meta-analysis. Journal
of Ecology, 2012, 100(3) ; 742-749.

Ali A. Forest stand structure and functioning: current knowledge and future challenges. Ecological Indicators, 2019, 98 665-677.

Franklin J F, Spies T A, Van Pelt R, Carey A B, Thornburgh D A, Berg D R, Lindenmayer D B, Harmon M E, Keeton W S, Shaw D C, Bible
K, Chen J Q. Disturbances and structural development of natural forest ecosystems with silvicultural implications, using Douglas-fir forests as an
example. Forest Ecology and Management, 2002, 155(1/2/3) ; 399-423.

kb, ERE, X, T R B TROE FA N ARG ZREPERAE. e Mol B2k, 2022, 42(12) : 50-59.

IBEEW, BAGF. KA L LLARESH ZREE P ITE. A ZRENE, 2003, 11(4) @ 295-302.

AN, FEFIE. SRS SRR PRI T SRIE. SRl B2, 2002, 38(3) : 140- 146.

e ERIR. MRS S REERT TR, MRl BR:, 2020, 56(9) @ 143-152.

R, B, B, B KA 2 Rt R scmas Mas i 2 REERT L. Jbathioll K2E244R, 2015, 37(12) ; 48-58.

HT, Btk i, E2%. T AR EH ZREEDRS. dbatpoll K254, 2020, 42(6) « 52-58.

IR . MRIERITE MRS MRS G540 ZREE I S B9, TR Mol BHEL, 2014, 34(2) « 8-12, 22.

PR, SRR PROR EAR RN 2 A I BE AR B0 LS. MOl BHAA5E, 2016, 29(3) : 340-347.

ZEB, [BIWETE, BHE, TR, okil, B, NS IR, ARG, ARHE, KOG, OSSR AR TN ZREE SRR iR, LAk
W R2E2E, 2016, 44(11) ¢ 24-30.

Pommerening A. Approaches to quantifying forest structures. Forestry: an International Journal of Forest Research, 2002, 75(3) : 305-324.
Staudhammer C L, LeMay V M. Introduction and evaluation of possible indices of stand structural diversity. Canadian Journal of Forest Research,
2001, 31(7): 1105-1115.

Zhao Z H, Hui G Y, Liu W Z, Hu Y B, Zhang G Q. A novel method for calculating stand structural diversity based on the relationship of adjacent
trees. Forests, 2022, 13(2): 343.

HNE, PR, Hg, WA, KRR, BB, XS, 2RSS L5 0T AT, Mol R, 2015, 51(7) : 37-48.
B, BN, BREE, TR0, WA, ZETUE. ThAR RO A R S AR AR AT ST A, ARAR S EREE AR, 2022, 42(4) ; 425-433.
KRR, fthte, BIE, HREE, MR IR RS S0 RPN F RO . TOAEARA B4, 2020, 35(5) : 166-172.
KEF, e, 257, FHE, R, WEE, 5 TR, TR M MBI 25 BEH 2 G T B AL PR Mol B K224, 2020,
40(9) ; 79-87.

KA, MR, BOBHE. JUa LR IR 258 Sbk s IS5 R 38T S IFAN. MOl BRARFSY, 2018, 31(4) : 75-82.

W, B, kST, ETHIPRERRAMRSERIGICEDITE. Jenthlaz2#4t, 2016, 38(1): 1-10.

BErye, sk—wL, 3R, RIER, BRE2 WL 3R B AR 28 M 2 ] 5 A AR AS 5 A AT A, ARl BB R 2R, 2021, 41(10)
131-139.

Zhang G G, Hui G Y, Zhang G Q, Hu Y B, Zhao Z H. A Novel Comprehensive Evaluation Method of Forest State Based on Unit Circle. Forests,
2018, 10(1) . 5.

Laughlin D C, Abella S R, Covington W W, Grace J B. Species richness and soil properties in Pinus ponderosa forests: a structural equation
modeling analysis. Journal of Vegetation Science, 2007, 18(2) : 231-242.

Murray Alan T, Stephanie S. Spatial modeling in forest management and natural resource planning. Forest Science, 2000, 46(2) : 153-156.
Jonsson M, Wardle D A. Structural equation modelling reveals plant-community drivers of carbon storage in boreal forest ecosystems. Biology
Letters, 2010, 6(1) . 116-119.

TRURBE, ANEE, DAEMALE. A5 R AR S . AR RS RO HEI. D BREAE, 2004, 36(2) : 186-194.

AW, Wi, Brpte, mhz, XSO TR MIMARTT R MlkBl2, 2013, 49(6) : 68-73.

BOCHE, BN, IR, TE— ML, PMNIERR, ZERRF, BKAR, Ik, BT A BRI AL R SRR 3 T 25 A T A, MRl AL
2022, 58(8): 76-88.

Carpenter P J, Scanlan T K, Simons J P, Lobel M. A test of the sport commitment model using structural equation modeling. Journal of Sport and
Exercise Psychology, 1993, 15(2): 119-133.

Feist G J, Barron F X. Predicting creativity from early to late adulthood; intellect, potential, and personality. Journal of Research in Personality,
2003, 37(2) . 62-88.

FRIEHE. BT RERYPE TS [ D], K KERS:, 2006.

http ; //www.ecologica.cn



756 O % Ol 44 %

[37]
[38]
[39]
[40]
[41]
[42]
[43]
[44]
[45]
[46]
[47]
[48]
[49]
[50]

[51]
[52]

[57]

[58]
[59]

[60]

Steiger J H. Structural model evaluation and modification; an interval estimation approach. Multivariate Behavioral Research, 1990, 25(2) .
173-180.

FARL, ERME, BBESE, Jr P, XL, S5 AT b LA H e R0 s AT e BUR BB B2 4, 2010, 37(1) : 7-9.

B, B, HAR BEBTIR. VY b IR A K LIRS IR Z IR T2 00 R MO BHEBSY, 2020, 33(3) : 39-47.
WK, Z, BOCE, SR T BRI R ST, ARSI, 2021, 40(8) : 2635-2647.

BANE, BOCHE, PR, FISCHE, PE— L, FhEHE, B, ol LR R AR L R A e AT M SR G R, AR AR, 2022,
42(9) : 3525-3535.

Uuttera J, Maltamo M. Impact of regeneration method on stand structure prior to first thinning. Comparative study North Karelia, Finland wvs.
Republic of Karelia, Russian Federation. Silva Fennica, 1995, 29(4) :267-285.

LiJJ, Zhu KW, LiuS, Li D, Zhang G, Liu X, Yang W M. Introducing tree neighbouring relationship factors in forest pattern spatial analysis ;
weighted Delaunay triangulation method. Journal of Forestry Research, 2021, 32(5): 1941-1951.

RS, M5, BOLMR, NI, SR, Bk, 208, £/ ARSI B S R AR 25 [RIZ5 R X IR S REVE R . A= 5 A
&, 2021, 40(8): 2357-2365.

Xk BRSTHT, BOChR, SR, 220, ZRRSE, 220K SRR SR AN TR AR R OR LIAN TR A MOMRBS B 3T 19 1 SRR R . ARSI
2017, 37(12) ; 4072-4083.

AOCE, TRAFNI, H 5. IR AR AR U LE MObR 2325 (B 45 4 X HE AR W 2 REPE R A 25224, 2018, 38(15) : 5404-5412.

Tz, BEEGR, REEOH. BERRIL S E SR TN BRARREE W T AR RS20, PYALAReA B2, 2022, 37(5) : 36-45.

Wan X H, HuangZ Q, He Z M, YuZ P, Wang M H, Davis M R, Yang Y S. Soil C: N ratio is the major determinant of soil microbial community
structure in subtropical coniferous and broadleaf forest plantations. Plant and Soil, 2015, 387(1) : 103-116.

Lei X D, Wang W F, Peng C H. Relationships between stand growth and structural diversity in spruce-dominated forests in New Brunswick,
Canada. Canadian Journal of Forest Research, 2009, 39(10) . 1835-1847.

FEUAER , XUHBLE, BXARTG. PR AL AZ T T SRR i SO IR R 3R 22252240, 2009, 29(8) : 4179-4186.

PP, XHELL. A mOR LA AR S S A AN MU XT Q) R BRI M. AR 282767, 2018, 37(4) : 1003-1009.

—1d, W12, WOLAR, e, PN, BIK, Ama. K F LR Sy i RS TR A SR B R R SRR S R R
iz, 2021, 41(21) ; 8568-8577.

HWIGL, B e, SRS T, BIHEN. JE T OB R BE LA TE AR AR E MR P O/ . ARl RLF, 2021, 57(2) ¢ 22-30.

LR, IR, Mbedh, 2BEL A AR STITO R RIS Mol 23R, 2008, 28(6) : 497-500.

Dénescu A, Albrecht A T, Bauhus J. Structural diversity promotes productivity of mixed, uneven-aged forests in southwestern Germany. Oecologia,
2016, 182(2): 319-333.

PR, BT, BOW, WIEE, SRR SET A RN S m A UCE MR SRR IR K . ARAEAROL KA AR R, 2015, 43(10)
63-67.

HANE, R, BOCE, R, Bl T A5 7 B S AT AR 23 (6] S5 R 0 AR M R 2R RS AR A, 2020, 40(24)
9164-9173.

FHLH, XIRE, BRIGL. ST BRI A bk A 2 i i R 3. AR 25840, 2019, 39(8) : 2842-2850.

Grace J B, Allain L, Allen C. Factors associated with plant species richness in a coastal tall-grass prairie. Journal of Vegetation Science, 2000, 11
(3) . 443-452.

Cherry J A, McKee K L, Grace ] B. Elevated CO, enhances biological contributions to elevation change in coastal wetlands by offsetting stressors
associated with sea-level rise. Journal of Ecology, 2009, 97(1) : 67-77.

http ; //www.ecologica.cn



