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Impact of large trees in natural secondary Quercus forests on the species diversity
of understory saplings in Hunan Province

Li Yunshen Zhu Guangyu Huang Lang
(College of Forestry, Central South University of Forestry and Technology, Changsha 410004, Hunan, China)

Abstract: [Objective] In natural secondary forests, large trees play an important role in shaping the species
diversity pattern of understory saplings. In order to provide a scientific basis for promoting saplings
regeneration, this study explored the pattern of the effect of large trees on species diversity of understory

saplings and revealed the internal mechanism of natural secondary forest regeneration. [Method] This study
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took the natural secondary forests of Quercus in Hunan Province as the research object. 45 fixed plots of 600
square meters were set up in the typical distribution areas of Q. communities in Hunan Province (Lu Tou in
Pingjiang, Badagong Mountain in Sangzhi, Wugai Mountain in Chenzhou, and Qingyang Lake in
Ningxiang). The DBH, tree height, crown width, biomass and tree number density were selected as the
growth indicators of large trees. Margalef index, Pielou evenness index and Auclair & Goff diversity index
were used to characterize species diversity of saplings. Pearson correlation analysis, multiple stepwise
regression model, canonical correlation analysis and path analysis were used. The effects of large trees on
species diversity of understory saplings were explored from different diversity dimensions. [Result] (1) The
results of Pearson correlation analysis showed that the biomass of large trees had extremely significant
positive and negative effects on Margalef index and Auclair & Goff index of sapling, respectively (P <
0.01). The average crown width of large trees had significant positive effects on Margalef index (P < 0.01),
and positively and negatively affected the Pielou index and Auclair & Goff index, respectively (P < 0.05).
The average DBH of large trees had no significant effect on the diversity related indices of saplings. The
number density of large trees had extremely significant positive and negative effects on the Margalef index
and Auclair & Goff index of young trees respectively (P < 0.01). (2) The results of multiple stepwise
regression analysis showed that biomass and average tree height were the main influencing factors of
Margalef index of saplish trees, average crown width was the main influencing factor of Pielou index, and
biomass and plant density were the dominant factors of Auclair & Goff index. (3) The results of canonical
correlation analysis showed that there was a significant correlation between the species diversity of large
trees and understory saplings, and the biomass and average crown width of large trees were the key factors
affecting the comprehensive index of sapling species diversity. (4) Results from the path analysis showed
that the average crown width of large trees had a significant positive direct effect on species richness and
evenness of understory saplings. Large tree biomass indirectly affects understory sapling species diversity by
significantly affecting large canopy width. [Conclusion] In the natural secondary forest of Quercus Hunan,
the biomass and canopy width of large trees are the main driving factors affecting the richness, evenness and
diversity index of sapling species, and have a significant positive regulation effect on sapling species
diversity. Through building a suitable growth environment for large trees reasonably and optimizing the
stand structure, the species diversity of sapling under the forest can be effectively promoted.

Key words: Quercus natural secondary forest; large trees; saplings; species diversity; forest stand structure;

multiple stepwise regression; canonical correlation analysis; forest management

FERMAES RS, TR AW M1 —4h
2 — R B R R SE B, Hrh 4
AR B A R LR R EN AR, XHEVE BT B T
[ Je B 2 FEPEERE BT+ EE AT AR
W 2 FEVE VR AL R AR bR, PORE 2 FEPE KT 32 22
R A5 72 5 1) FURE A 0 2 BSUARF I B e 73 A 7 o
BEAT AL AT WFSEETHIESE, MR 2 B K 5 4
SRGIIREEFH LMK, B2 R SETHEVE
e PERE, Rt A R A € B AT . 2l
YTh 2 RETE I L 1R R AL = R0 S 8L R A
BRI B A AR 0 BE 22 i P 1R 2 50 S
BHL DR BSZREE NG 2R, £9
ot ==& BE VT AL v, Margalef 48 2 ] 8 V8 B 2 1) S+ o
PET I, AT 32007 ROEZBR 1 ) Gleason 45 3
FLARHET; BXE R R AR S0 7 A FFAE, Pielou $5 %

et H S B0k 1 SO 35 &) FE DA AR HEAL A R 7
FO ek G ZFE TR EUM 55 Auclair & Goff 5 0
T Rl A 25 B 250, ¢ Whittaker T8 508 T BETR
g ME B MEAT 4E B, [RIBS EL Shannon 5 2505E RE A
B by 20 1 47 P SR B BRI BRI 2 22 U KR S
WP 22 K VERHAE 5 AR BE 078 7 2 A AG B 2L A B
RO, 5B RGINRETIR KWK E 108 B2
HR7INEI VAR

KIAE AR A RGP I S B i 7y, d
AR R KA IR SO R A, B
ML ) AR K S AR X RO AR B B
TR, YT KM 5 2R ) D REIR 4 : KRHE B A
R DX 2% () i 6 40 0 Ak ik 5 1l 2 35 4 v R 1 40
BEHET R A G 262 SR S/ I 7 i R B
5 2 R R ILRI BT FE R, K BEAR IR R



116 b mw # kK % R

548 4

AMAEAE N B IR BN R 1 R IRt S 3 AR S OB K
IR B T AR AE ) BB AT I AR, A& 5 R
MRV AR B W EAR SO R MY, BN
AW 2 R )R R AR AL T AT SE P BT R, 0 KR
R A A 7 T AT TR U 5T = D 4l AR R R 4 1
IEAl, RBEBE T BT T T bR T 72 52 Wi G 4% 22 4
PEROCBEDR 22, AH OB FE IR AR T AR AR R AR S
& X 0] o Afuf (Schima superba) N TMRARE; 13—
HESE, HOAR T PN 4R BE T B PR AEAR I 2 5, B
4 e L BB E AT ORME 5 AR E T R
IR R KIE, BRI IR N IR SK 4 FIFE 4, (A 3
W56 B R, MO T Fa s Mg A K ERBESL, ek, K
I LA BB R PO, AE B i A T T SR
X 35, FRACRT Bp 00 AL A7 il ae s 72 el J2 2 L 454
77 T8, BT IR iy 3 By R 2 T 52 m DA
THIGH A R S RARBOB, TR 556K
T I eI R s R 35 2 —, IXUERH T e
J2 e AR S FEE P AR Bl ok 22 5 v B B e AL
BB IERAER, HIHAE R 8 R 3% 5% 5
o Bk, KA DL I A B0 s S AR A AL A A )
WU PRATAERF AR AR RS o HE, 0T KA
K frfa] ELAAR 5 1 By 0 0 b 22 AR A i R e 4 A
I, R FCKIER R 25 Z PR, ACH
By T 48 7 AR bR S B B b i N ZE AL, I8 R AL
I 5K, (Bl B R R AR 2 A

¥k 2K (Quercus spp A 9 AL - Bl 717 A 4y
X )2 oA B Bl —, DALER & IRl 2 R
SR K ) A A 3 B N R ) 2 BEANME T 52 B T2 %
P, FEBIREHLIX, MRS R IR IR A ARy B ) AR
MBI, AMUBA BEWEFME, 4 XIRAS
ST ORI AR 22 R 1 A5 T T R HE R B AR P
AHIEFT LA e MRS R AR A AR AR FE 0 5, F0K H
Margalef & £ 5%, Pielou Y51 FEEAT Auclair &
Goff Z FEVEFRBOTAL 2 Py Ah 2 K%, I Pearson
FHREAI AT 2 TRV A0 (B H L SRS A G 7 AT Al
BN 4 Fhgiat Ik, A F ZFEEZ4ERE AR K
WX Gy A 22 A B sE R AL, DU D9 3 TR 2R
FAR AR AR T Sl 4 22 1 M3 H R 22 L
Nk — 3B 4R 7R KB AR WA 22 R % ) S IR BT 3
PEEIR KR

1 AR XN G #F R Tk
1.1 MEREHR
1 FE 44 (24°38' ~ 30°08'N, 108°47' ~ 114°15'E)

A7 [ R S, M AL KT R R AR RE WK R
Fo0 X 4, BUHEAR 21.18 73 km?, 29 5 [F 4 S AR

2.21% o XAy ML FR T 2 g X
IR A 1 0 RAT 2 35 B Z AT AR AR : AR B
I [J7E 1300 ~ 1 800 h [X 133, FEHFE K 1200 ~
1700 mm, SEEJIRELERFAE 16 ~ 18 Co BRABEFUKL
B Y B DL AT e A 3 358 0 3= (1) e 1t gk R, B
AORR I 5 XSS T fe e IR G R &R . 3R 2019
5, WA AU T A2 08 1300 75 hoe?s A A+
Mo AR ) 61.40%, FRMAE S5 F N 59.57%. WL
XL Sk SR AW MM L ds LA T 2 F
S 4 AN B BRETE R 0 A X, T ETR AR B AL AR
#H MI¥R(Cyclobalanopsis glauca) 5EM /K H X (Fagus
lucida) % Wk 7 X (Cyclobalanopsis multinervis)~ fif
1 (Castanopsis eyrei)~ HEZE (Castanea henryi) ¥ H-
Wi (Carpinus turczaninowii)< & # (Cimamomum
camphora)~ W& (Liquidamabar formosana)~ 2 B
(Pinus massoniana) 55; FEHAMPEFELZR( Camellia
Japonica)- J&FFLES(Rhododendron latoucheae) %%
1.2 HRFE
12.1 #ikEARS

AHEFET 2015 4F 12 H 2 2016 4F 8 H HilA], £
SPYL P Sy SAE R A s MM T i Fl T 2 75 5F
W 4 D IBERIRE AT X BCE 45 4> 600 m*(20 m x
30 m) i [E 8 A ML, BT TR LIRS 1. SRHT ks
GPS 5E 71 R IR AURE )7 = 4 Hh B AL bR (4 FE L i
W3O, [R5 R Y = 4ERFAE O )L 3 RE S 360D
LIRS H OB = B AR R D Kl
W78 W FEARAR QEAR Z T JE | FA 2 5 D S5 A By Ak
i, BN LR 1. MFEHL AR = 5 em 1)
TeARBEAT TREARK I, D WA W m. fnfe. &
e A0 PR DA S AR RS54 B oAb, XA 45 <
5cem EIH (1 m < FERRFRE <3m:03m <
EFHREAR < 3.0 mRFAT 7R TIAA, 1l T
AR B Hb A (B4 ) et e DA B A AR S5 HR 4 2
TEAHT T, A 4R A HE S XIAR. semK
X Z Bk X EifRE HESEAE . JE Tt A R R &
B, et ARy 1P S0 AP S AR . PR SR
3~ 5 BROLFAA, A5 A K HE AN B ES DASR A i
HAEKAE B, IR I E LB R RS, SR P
TERAE NI AR o
122 KATEIE I B M 3547 5

7 FEATE MU A 1 52 bR i 4% 20 A I, SR T 5 1
A3 MR R 10 48 285 5 1) T R R 5 SOORBR 29, LR AL
PRI 20 2%, 15 45 PLREHIILR AL T 131 BROK#H,
H 4835 73 KW AR E 20 ~ 60 em 2 18], HATE/\
KA W73 A5 XA AR T 60 eme TH5 %A
FEH O 1) &8 1 48 b5, 3E-F a4t i e, 1



2 ZR I BRI A AR SR AR VK A PR AR X PR T 2 g 4 e 22 B 0 5 i 117
107°E  108°E  109°E  110°E  111°E  112°E  113°E  114°E  115°E  116°E  117°E
Z T T T T T T T T T T T
St N
) A
& | Z
ar . Q
HPS T
TS
z ‘ 1#
51 Q
z z
c&) L 1 o
Q Ui N
Z, * FEHLA B OZ
o f=w =1 18
N e /m
-2300
] 0 45 90 180 270 360 z
- e — K o
10 &
1 1 1 1 1 1 1 1 1 1 o
107°E  108°E  109°E 110°E 111°E 112°E 113°E 114°E 115°E 116°E
B w7 X g A
Fig. 1 Overview map of the study area
1 PAEHEMHERER
Tab. 1 Basic situation of the survey plots
kT Pk JUKAL EE Al ST e UiL ST
AR (28°33'N, 113°54'E) (29°47'N, 110°05'E) (25°39'N, 113°06'E) (28°09'N, 112°04'E)
L 13 9 10 13
W /m 965 1499 1222 175
/() 29 36 27 36
ok Syt Hhg Hhrg R HREE
+ 3 E ¥ fem 77 74 60 81
JE B R JE B fem 14.1 12.1 7.9 14.2
T v&4) )8 ¥ /em 3.0 4.0 1.0 2.6
HB A 0.80 0.83 0.86 0.75
TR /(Bk-hm™ ) 1475 1270 3439 1113
KPR EE B/ bk -hm ) 255 448 493 358
AT RS fa 46 49 23 29

TE: R B BRI FRIHIUZ B L R R L AR TR SRR R EATAR 20 SR W B % 20 A XA R RE AR ST P4

B AR ARECE E(GR 2D,

Te AR EALH AN

B; = V;D;Fgg;(1+R;) (1

i B, A i MR AD IR SR, Vi Dy Fgg M
R 53N i R CAHD I B R B AR RE e B35
A EY R T LR, Ho, A ARy
BRI, Fge=1.355, D=0.676, R =0.292,
123 T WA 5 RIS HGTH

MEE L SRS 2 RN 3 AN T5 TSR BT

FEMR N IR P 2 BEE, =35 4 ik B Margalef =F
& FEFR AL Pielou 5] E a0 L ) Auclair & Goff %
FEPHEFR BORAR FOM T 4 0 Fh 2 FE
Margalef &5 IR (DVO TR AKX R
Dy = (S—1)/InN )
Pielou Y2 B E (IO iHHE AT N
S0
Iy = - Zi:l P
1L
S

3



118 b =

oAk X

¥k

548 4

45 AU A A2 Kot

ER—: e

[P 5 2 P (L

PR R
CRP B el o UA
B )

!

HE= (R RPRAARRED )
VEHGZAE LA T 5% (Y
PAE SO B

SRR MR

HR= (RS ) -
T UM AT A1 B A
ATE SCR KA

" BN SRR

!

IR Ed

B2 KR A

Fig.2 Flowchart of large tree definition

R2 AWERER

Tab. 2 Basic information of large trees

LAy Pty ARAWIL Fag ikl &k
FfHh % 13 9 10 13
PN RS 44 26 31 30
4% /cm 40.0 47.7 329 329
TR /m 15.0 19.7 12.2 16.7
¥ iE/m 3.8 4.9 3.1 3.0
A&/ (thm ™) 1.0 22 0.7 0.6
MRECE BE/(Bk-hm ™) 76 61 68 55

Auclair & Goff ZREHEHEHI Do) HEL AR

Dag =~ )P )

b SR TR E N, NG A
BUH, N NFEE SR EG P ORES | R X
HEE, BPYFR i E A S A by ) b B A
SRR
1.2.4 Pearson #8 % 5 #7

FIH Pearson £H 5% 73 4125471 55 4] Wy KA Ja 4 48
b5 Bl 22 -1 2 [B] ) 50 TR 3 AH S 1, e R~
BIlaAe. P PR R AR R B S
B Margalef £ & & 45 £0. Pielou ¥ 2] [ 5 £ f1
Auclair & Goff ZHEPHE4EE 2 R FAH G K & .
125 3 0%F w3547

1E Pearson FHIC /T () 5EAMl b, AN FUA0 2 2 4

LIPS Rt brit  BAC = RaaS 2 1A N i D ER ek (=1 A ab U7
NI ZFEVETE R HE AR R E S . RE
PR Y e i SRR N BB b iy YN
&R F AR e S v 4 N\ 55 J7 2Csg e HL R B A2
BOKZE 10 RK B3k, 33X L f PR 55 250 B 75 b R
EAHE SN, AN T o A I AR 8 o
PR DL R P b 22 A I R AR A g e B AR &, DL
KW@ PEFR bR iR A 2, g P A 7 BT AE S
9T AR A R I A ) g N D U AR R, [
o BE A A AT I M A BRI, A B R R AR
EEMBRMA GRS N IE . KR e RECRD
5811 5 (P < 0.05) X E ISR HE N, i 240 € i
M AR R B, M 48 7~ 22 A KW i 14 Fi5 b X S B
ZFEMERIZR A S
1.2.6 LAIARK M7

SR FH SRR 56 53 A 02 B4R (1) £3 B 23 AT KB A=
KRGS G P Fh 22 FEPE RO AH G ME, DLSE 1 40K
JEVEFRARANEE 2 ZH AN 2 AR FE bR o ZE A, 430 BA
FLE A G A8 B S B B K GE v O M R B AL A
&, oy, ERIEAR LR, HERIr
BRI & uy A vy, A1 EIAE S ME OR I e 4.
Gy HAF B R bR AL HL B OC RHL Hn 4R
B[R] A OC M o $ BROE i B R A O¢ R ke 56 (P <
0.05) 1 L B A B 2 G, R i 280 B ) i 28 8 fir
1T 8 TT A LG, S8 AH OC FR 20 e 50 R
Bartlett ° 50 o 4 S5 45 E AN M AR B 07 FE 45



28 ZEI B ST P RS R IR U AR PR 2l b g 22 A A F) S 119

BIRT wys vy BOHCR B, AR IO 2R S R A
W K R P 4B A 5 SR ) B 22 FE I FE bR 2 TR S A
TEREAA T A A
12.7 S4B 5H

FHIC 3 AT AT W0 48 7 KW J 1% 5 2l 1k 22
PEZ B AR, (EAE 4T, S5 R & E — e
M. AHEZ R, BRAR S BT SE R A, 08 1 4e i
BN A S b o BRI, 38 sk AH 5G40 B A0 =03 2 7 15
B 5200 G TR 2 B R R R B S, BT
FE RS I A, PR AR Z (A
(FIAE B R, S E R R 1. BRI, B AR E
o P AR i AT B Sk BODUET Sk I, B R
R, BTk BT 077 1A T AN A B ) 5 R AT, AL
ik FoR P SAS B . RIE R 7 Go it EA X N 1)
P AE LA E S (GFD . MIXH L& 4850 (CFD Flik
BA38 75 #2122 (RMSEAD HHAT BB VPN 544 1E, FLAk
fIUEN Ay P> 0.05, GFI > 0.9, CFI > 0.9, RMSEA <
0.10. FHHEBAUABCERAEE, R B IE KA
WM AR TAE IE .
1.3 HiEabE

K Excel 2021 % B S2I0 58, 1F 5 & FFE HLK
W JE 1 58 bR I S 2 R fR AR . BRI, BT A AR
A H 39 B IE 25 43 A1 (P> 0.05), F F SPSSAU
(https:/spssau.com){E £k 1 & X B Hs i3 47 4o v 7 #r
K Origin 2024 1| &

2 HERE AT

21 AWEMERS ST SHEERERNS R
HHE

15 45 HLRE Hb rf, KB AR W & R AR R 4 A
Margalef = & & #8 £ 1 ALK, 28 57 R A5 N
94.49% #1 63.36%; P T4 Pielou 35] BEREE L
ELAE/N, A8 5 RBUNN 9.429%(F 3) . X R BIA A BE
b T) B 26 9 R0 4l B A = R I 22 R R, T

YIRS S FER 22 RN
22 KPIEMIERE 2R Fh S 1%ER Pearson 1H
i

XT 45 HRFE b 1) KA & PR 48 FR AR T 2l A4
ZFEVEFB PR AT Pearson FHICIEAL SR, 25 R (K] 3)5&
B, 40 Fh Margalef = & & 505 OB F 1w iR
A E DL SRR FEARAE W E A G R R, R
S 159 1 A 0 ST 38R A O AN S o 4 R A Al
Pielou ¥ %) FE 48 £ 5 KM 3) ek 1 2 18] 47 7 2 35 AH
KK ZR, 5HAl 4 DKW JEEFB bR AH KA B .
M Auclair & Goff 2 ¥ P45 H0 5 KM 1 2 el iR &
BB Z AR R, SR A & BREUCE E 2D
B O IC R R, T 5 K138 I A2 RO ey 0 6
R KR
23 AWEMHERS YT SEFENS TR
A5 4R

I Pearson #H G 73 A1 7] LA A5 1 i KA a8 1
TRAR S5 4P 2 061 TR — 8 BRI . 7E Utk
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FhZ AR CB R bR . SR (R D IR, RIEDFIF
& LI Margalef & FEFREL, S Wl [A] 43 FiC 25 4687 1)
Pielou 4 2] & 5 #U )% Auclair & Goff % F£ 14 45 £ 1)
FrAEA RN 7 FE5 i@ T B E AR (P < 0.05), H
HEBR T % B AL 2R M 52 (VIF < 5). i, Margalef
TREEN A 7 FRIE R T RRF I m AR E (R A
0.337), Pielou #5 %5 [a] )5 77 F2 de £ 7 R W ~F- 257 el
(R* 4 0.111), Auclair & Goff & % [ )3 /5 FE & % 1
KB A=) B FNR B FE (R O 0.302) . S5 RK W, %)
W5 B FR AR 1) 32 52 0] [R5 RS P~ S50 vy A1 A=
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Tab.3 The fundamental quantitative characteristics of the large tree growth indicators and the species diversity index of saplings

b FE bk 2 A5 5t AU %
P2 (D) /em 383 10.0 26.04
PE8 i (HD/m 15.9 3.6 22.88
PN G E o P35 i () /m 3.7 1.0 27.16
APEB)/(thm™) 3.12 3.00 94.49
RECHE (N/(Bf-hm ™) 65.0 21.7 33.37
Margalef¥: & 5 40(Dy) 12 0.8 62.36
BMRD 2 REVE SRR Pielouty 5 FEARHL () 0.9 0.1 942
Auclair & GoffZ FEPEFREI (Do) 0.6 0.2 32.75
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Fig. 3 The Pearson correlation between the growth indicators of large trees and the species diversity of understory saplings
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Tab. 4 Multivariate stepwise regression analysis of the growth indicators of large trees and the species
diversity of understory saplings

L/ EZ ESUR YN EIm AW - R P
Margalef¥= & B 540 (Dy) Dy =0.175B — 0.081H + 1.945 0.337 <0.01
Pieloud’) 51 EEHRH(J) Ji=0.029% +0.759 0.111 0.04
Auclair & GoffZ FEHEFIH (D) Dag=-0.0268 — 0.003N +0.910 0.302 <0.01

Tl &HAR 22 FE TR SR S R bR 1 R R 1 R K
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e W 7N SR W) A 22 e 3 T E B2 31 A PR R Y
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FETFRAEGAE ¢ BB R, ATHERHEE 1 xT it
RO I SRR R T R

u1 =0.771D+0.648H - 0.491W - 1.443B+ 0.057N (5)

v ==0.946Dy + 0.292J +0.247Dpg (6)
e uy R B TR PR G150 18, v NI
Vidh Z AR PR M S5 0
MEE 10 SRS AR B ) SR AR G T R e LA
RS 1 R R o) b, KBRAEY) S B I MY e i
K (=1.443), KT 35 i 42 1 S 289 8 55K (0.77 1)
TEEE 1 $L AR & v, Hf, Margalef 3= & [ 45 £ 1 i 7Y
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Tab. 5 The standard correlation coefficients of
3 typical variables

o PR P A 2 JARARE 3
(P=0.03) (P=0.62) (P=0.52)
D 0.771 1.812 —0.089
H 0.648 0.398 0.947
w —0.491 0.688 —0.724
B —1.443 —2.222 0.505
N 0.057 0.938 0.258
Dy —0.946 —1.365 —1.381
Jsi 0.292 0.881 —-1.119
Dy 0.247 —-1.036 -2.174
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AR 2800 BN 0.453 1 0.334(P < 0.01). KA
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Fig. 4 Scatter plot of typical correlation between large tree growth

indicators and diversity of understory saplings
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Fig. 5 Path analysis of understory sapling diversity and dominant factors
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