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Effects of stand spatial structure on species diversity of shrubs in Quercus spp.

natural secondary forests in Hunan Province
ZHU Guangyu, XU Qigang, LU Yong"
Central South University of Forestry and Technology ,Changsha 410004, China

Abstract: It is noted that forest spatial structure significantly affects the understory species diversity . In the present study,
for identifying the spatial structure factors that affect understory shrub species diversity in the Quercus secondary forest,
Pearson’s correlation analysis, step-wise multiple linear regression models, and canonical correlation analysis (CCA) were
used to explore the relationships between spatial structure and shrub species diversity. The forest spatial structure was
expressed by the mingling index, aggregation index, and opening degree index. Margalef index, Auclair & Goff index, and
Pielou’s index were used to describe shrub biodiversity. Results showed that; (1) The mingling index had significant
influence on the Pielou and Auclair & Goff index of the shrub layer (P < 0.05) according to the Pearson’s correlation
analysis. In contrast, the Margalef index was not significant (P > 0.05). (2) Shrub species diversity was influenced by
several spatial structure indices at the same time through multiple linear regression analysis. Pielou’s index was affected by
the mingling index, aggregation index, and opening degree index. The Auclair & Goff index was affected by the mingling
index and opening degree index. (3) Given the linear combination of spatial structure indices and understory shrub diversity

indices, the canonical correlation coefficient was 0.5427. Especially, the mingling index was the most important variable
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affecting the shrub species diversity. Therefore, to improve the shrub species diversity of the Quercus secondary forests, it is

necessary to focus on regulating the forest species structures, and following by forest spatial distributions.

Key Words: stand spatial structure; understory shrub; diversity; canonical correlation analysis
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Table 1 Basic information of the sampling plots

£ I 5 V. . I g T4

Plot No. ’ Slope/ (%) Aspect/(*) Ganopy Age (#f/hm?)  diameter/em height/m
1 983m 20° [iiE]#73 0.83 57 1198 19.84 12.23
2 945m 17° R 0.875 24 2388 14.16 11.49
3 1000m 220 R 0.83 52 2229 14.07 11.15
4 1602m 39° =R 0.88 36 1433 21.48 16.18
46 98m 11e [l 0.86 25 4118 9.27 11.80
47 160m 33° [l 0.75 46 722 20.50 16.46
48 80m 35° [i] 0.625 21 1106 13.56 12.96
49 200m 31° [} 0.75 21 1160 16.12 13.19
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RG> 23 [ S5 A6 (25 A D5 T8, — 21 A fit ly Margalef $645 , Pielou $54UFT Auclair&Goff FEEUC I T HEA Yl 2 4%
PERYASANTT T o FEICRERN B, A S 20 A A AR, J i AE P AR b e O T A IURPE R 2R G 78 i w, 71
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Table 2  Shrub diversity and forest spatial structure statistics of 49 sampling plots

E-Eizgan SFEE (EARE) Bt 22 S R

Index Mean ( range ) standard deviation coefficients of variation/%
MAIRAZE M Mingling index 0.5202(0.1032—0.8875) 0.2123 40.818
RAEFEEL R Aggregation index 0.8739(0.6446—1.0631) 0.1008 11.536

JF#J¥ B Opening degree index 0.2414(0.0947—0.4508) 0.0729 30.208

Margalef 0.8429(0.3001—1.8204) 0.3912 46.423

Pielou 0.9722(0.4975—1.8744) 0.3084 31.724
Auclair&Goff 0.6751(0.3553—0.8667) 0.1428 21.154

3.2 MRoyESAI LS R S HEAR YR 22 REE A B RE DG 2 B
X UL TRUAE M TSR P A ) 2 RIS A F K (TR S RE SRR B TFRIUEE ) FIARTR AR RO W b 2 B4 B 315
SEREAT Pearson AR S , ITAGE5 R ANT

K3 TEEEIEH-HRTEARSHER Pearson 18X RE

Table 3 Pearson correlation coefficients of forest special structure and Shrub diversity

z3 [ A R

Forest spatial index Margalef P Pielou P Auclair&Goff P
MAIRAE M Mingling index 0.2174 0.8330 0.3041 " 0.0336 " -0.4347" 0.0018 *
BTSN R Aggregation index -0.0167 0.9203 0.0939 0.5209 -0.0011 0.9941
JFHUE B Opening degree index 0.0309 0.8330 -0.1521 0.2969 0.1782 0.2372

# o fE 0.05 /K- ARG * 7E 0.01 K7 I 3 AH K

3 G5 R IR, Margalef $8505 3 /25 RIS A FE AR T W A R, Pielou FEE5 IR A 2 WL (P
<0.05) ,FHCRECH 0.3041, SHARTER TR E KR, Auclair&Goff F5 £t H 5 1R 2¢ BE 5 W 35 AH G, A OC
ZHN-0.4347, SHAEF I REXLFR, BT AuclairGoff ZFEVEFEBUZ — W 4845, P, AR 3 A 1Y
ZREE SRS R IE AR G, 23 Bl A MR A BE B8 = T 4 =
3.3 ZouB A EIAS 4SS

H TG 23 [R5 AR R 2R B VR TR AR Y Fh Z 0k DR A B DR R e B iy S5tk L DATE R W)
FhZREMETE bR o AR i, MR 25 R 5 A e 40 o B AR &, R 2 04 B 0 L T A0 [l I 5 R ik o 5
WA AR D Fh ZREE B SR bR, W3R 4 BT, 20t 4 mIHZE A0 F ¢ (1) Margalef 385019 £ 08 4
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A1) R LA RO AN, ek it B ARSI . (2) Pielou 8550 0105 05 5l i i 35 PEAG 56 ( P<0.05) |, A 7Y
VEE TIRACHE , RAEFR BRI TR MU i A5 R, d A H: 35 2252 B TR AR 2 2z (] B B FE R, MOR A3 A i SRy RIAR T
FHRAMEM , (3) 7 Auclair®&Goff $84007 1 , W% TR, FFUEE MA A, 2 MBS T2
A2 (R 25 K 15 BUVE S 22w (7 H AR 32 2R 2 BE (52, 2 A~ LR AY 1) e e R RPIIAN &, 4351 o0
0.163171 0.2328 , Ut B i e i A J7 B AR 3 225 [] 5 44 AN R it REHE R W) P Z R PR B0 70 28 S, W b 2 A 1k 4
32 B BR AR 323 (R 25 A AP A PR 22 A 52 )
R4 BADHBEESTESERFE
Table 4 The optimal multiple linear regression models with stepwise of shrub diversity and forest spatial structure

Yk Z Rk B [l 5

Species diversity Multiple linear regression models with step-wise P R AIC
Margalef ENTES — — —
Pielou Pielou=0.4842M+0.6665R- 1.1485B+0.4152 0.04397 0.1631 -117
Auclair&Goff Auclair=-0.30425M+0.41125B+0.73417 0.00226 0.2328 -198.71

3.4 Moz SRS R YR 2 R G SR AR 5 A

SR AR S M BERSRE AR I3 25 (R 25 F4 R Ao 22 Rk B — 5 AR 22 18] O 28 7 o 30) 14 2 738 22 1) ) A EL MK
KF, NRGEPIH AL AR AR 32 F R 3.4.0 XK 723 (6] 454 5 AW A 2 R ) B BURE G O3 B 2R
LU

FHER 5 Al K50, 7 a=0.05 YK I 5 —2] £5 MAELEMBEBR
J/ﬁi‘ﬂ gjiﬁﬁTﬁﬂ*ﬁ?é% éﬁ*ﬁ%\ , Hﬁ;ﬁﬂ*ﬁ%ﬁ{\ﬁ Table 5 The canonical correlation coefficients and its statistical tests
4 0.5427 , B AR 25 R G5 R P AR S 0K T BEAR B A 224 2l LIPS b
‘I‘i*g1§ﬁﬁ?%1$l:ﬁﬁﬁ%E"J?FH?%‘[‘%O Group 1number Canonical co;r;f;jn coefficient —
I 6 T 1 55— o SR AS B O SR AL A 2 2 0.2677 0.5166
u, ==0.1378M+0.0003R+0.0557B 3 0.0194 0.8991

v, =0.0255Margalef+0.1659Pielou+0.2840 Auclair

OES—AIOREE w, o, 11, w, BRI BRI LR b 92 P AL £, JUFRACFE M TP B
AR R, 739 -0.1378,0.0557 , Ul FEXT AR BEAR YA ZREE RS20 J7 B TR AR JEAROR BOTR S 78 B AR
GYENCEE RN v, AR T HEARY R ZAEEIRAR AN Hrh B SR 1Y 28 52 Pielou 15 450F1
Auclair&Goff F8 50, i B AR T AR 1Y ZREE 8 205 14 2)

" et b 55 ST o 6 =xMBAXTEOH
JESRBOS TR AR)Z AR 23 [ 45 M P8 BB Bl . K st S

Table 6 The loads of three canonical correlation variables

ﬁﬁ%/\%#XﬂLﬁiﬂ@f%EP N ﬂ?%ﬂﬁﬂiﬂ/}f% ul \111 E/‘J %6}7%@2%'_*@%%5/]&@&%
1%':6—} , *Eyg#ij{ﬁﬂﬂ E@ﬁ%ﬁ'fﬁ@ Hj ﬁgé}ﬁﬁ}f_ﬁl IZ] o The loads of forestry special structure variables

E LT, ul ol G0 T T Bom o mo
B2 b B 2 R R e R i g AT M 01378 0003 0.0457

Mingling index
AR RERGEL L ML IR > 25 RIS M MK P IER 2 g m

FEPEZ R AYAI GG R MR 25 RI S5 4R PR S AR T AR ) ﬁ?;fi““ index

0.0003  -0.1547 0.0384

FhZREE R AR R RE AR T A A M % Opening degree index 0.0557 0.0982  0.1133
HEAR Y Fh A (1) LAY 28 oy
4 Zit5itig The loads of shrub diversity variables
Margalef 0.0255  -0.0032  0.1460
41 g Piclou 0.1659  -0.3266 -0.0290
LT BRI R IR AR IR A R Auclain&Goff 0.2840  -0.2368  0.0276
WA FZREPER FE RN R, WE 2 fR IR
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Z IR (Aulair&Goff $8H0E — i 4648 ) , X 5 %55
SR A R — 2, AT RESE i TR IR S AR AR IR
SR R AR EE I TR AR BRI 58 P RERE AN [R) Y
P A S A — B R L S H AR, AR TR B A
KB T EFRA M, Z2ug g 0 nlH 251 5 A B S ATk £ A A
RIPHTE R R AR A SR WA T HEAH 2 £ Fig.1 The score of canonical correlation between spatial
PERSCHETE bR, FJEMOARAY S B R AT RO R 25520 i eture and shrab diversity
FANIE W ST CEE0 & BT REARI S EEMBEZ bk o 2 1 45 49 45 bR 4 1 40 4 75 40 The score of linear
A BRAE AR B A F BRS04 8 247 57, AH N b, FEAAR combination of spatial structure indices ;v1 FK VAR FP 2B 5
TR A FE R R B BT S SRt R T ML FRE&AE 4 4 13 43 The score of linear combination of understory
REAR AR BT AP RO48 b, TR MO R o e e
PSR RRGT  (H MR AR B 34 5 B 5 AR MR B T AR
I/ T 33X AT RESE Y TR A A AL b T R S AR, TR AR AR It e 240 AN 1, T A e A AR SR
SIS 45 1) SR Rt 3 R A L I AR R ) 7 b DR A R I | SRR R AR P R R A R g
AE R THATEARMAR, FEF,2 D2 IR ) JoE RE RIS X R T AR5 25 1451
Bhm N BEAE R HE AR PR A A 4378 S, A2 e R - Wb 43 253 TR 45 DA S A 358 DR - WP AR R
PR KA B E RN, PIAE LUS M09 T LAZE G 25 IR EE K, A3 25 ] 2540 5 R 23 [R] 45 4
PR, R4 B0 835 ) R DR B e AL AL B ORI S TR A MBI TE 52 M AR P Fh Z AR PR OCHEER 1

02+ TSN

0.8 —

Pielou$g % Pielou index
ZREEEFEEL Auclair & goff index

| l l l | 1
0.25 0.50 0.75 0.25 0.50 0.75
AR 2 B Mingling index

B2 RIZEXHTEARYT SRR R0
Fig.2 Effects of Mingling Index on Shrub diversity

WFFER I, Pearson AT, Z2I0ANEIZ A (1 VA 70 A7 R TRURH G oA BEA 4 1T B W3t 3% B bR 2 ) 245
TR AR5 ART HEAR Y P Z2 R 22 18] B9 B0 DN AR S L A AR b RO ZR G520 H 3 RhGETH I TA R i Sr e A
ZIAREAE e R s b, M RIR ST B 2 (A A AR S & 1K1 SR 2 R M AR ST AR 73 25 (B 254 S5 K A
PEWITP Z RN Z (AR ARSI, T A2 S AR St (] VR R sl ok P L 2 > SEUE AT e — P O BIESE . T3 1,
TR TR SC T, A 728 B AN O RS 35 B PS5, 2 BB L) i, AR 72 AN 0 SR 2 52 i) St
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RUAHOC R0 S 25 1, DRIt n SR8 B LR AR OC 3 B >R i 58 MR 43 28540 550K W b 22 M 2 ) AR DG k| fie R AR
T B A2 B T BRI ELAF R A Sl 38 A A A X LA [ 3k g ) T,
42 %5ig

X T HRISR AR 5, T ARJZ IR 25 [0 254 v (VR SS R FE FIMROR S A R 52 W AR T HE AR Fh Z AP 1Y
FER -, AR AC B RS i K T AR EMORIR SRR B8, M N HEAR Y i 3550 BE A8 S ZRE a0
K TRARBMRAR AR ERIA 2] HART BEAR B 5 EE AR RO R . BRIt AR S AR 2R RAR IR AR T E AR Fh 22
FEPE W BB AR R R A5 0 R 32 Z75 78 SEOMROR 23 (8] 43 A1 4% R R 4 7 58
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