55 45 55 20 1 S & 7 i Vol.45,No.22
20254 11 A ACTA ECOLOGICA SINICA Nov.,2025

DOI: 10.20103/j.stxb.202503190629

TrilgE, BOWAN , B A, BOEE, X9, 250, S S 11 AR [ K B B R AR ARObR T AL i 2 A R e TR R R B L A AR,
2025,45(22): -
Qiao R X, Lii Y N, Lii BL, Huang X R, Liu Q, Li D Y, Ma L. W.Factors influencing species diversity and comparison of indices of understory vegetation

in secondary forests at various development stages in the mountains of northern Hebei, China.Acta Ecologica Sinica,2025,45(22) .

HIUMARZEMBEXERK TERIHSHFIED
i (&l 25 B $5 # b 32

EE, S, BESE, wikin X R FHM LR
LA R =M B I E - 071000

FEE LR A MR Y SRR T BB E AR WAERE B SB PR T G F SRS HEY AT RS
FasEtk, I, 18R AR & & Wy BOR A MORR T AE 1 A 224 1 A2 A S HE 2 il PR 3R R FH 1) 2 R PR 0, X 2R g 4P N
VRS A EE L, DAFRACIHd B B (1) SE 4 AR KB B (1) - SRR BE (T1D) 3T AR B BE (TV) M R U A~ %2 B 7 81K
AEARTEE TS G M T A o ZREMERE RO 2 4> B ZHEMETREL, B TE N IZH XY Fh AR LR AP FTAG S S IR AR S . 4521
T (D) FERAEME B AR THERZ o ZREFEEOR R T % BT R0 A a3 RO Z Y Fh 2 REE 38 O ) A ) 5 B2
BRI LA LaR MR E R AR T - - TR A bR, (2) BERAERK LT, WFAH BN 2 5
TEWD AT YRR X 2 038 10 25 S A, Jaccard FEEUFT Chao ¥ EON5ERARE THE . (3) 13 pH {H JRZZE | - HEa ML M
TIEEIKEIREARZ YR 2R WA IR SRR L e S B R R YR SRR B, (4) PrFh
V5] BEXTEIE YRl AR AR B STk S TR s B (5) Bl TIPAS A IR & & W Bk AR OB AR B i W 3= 8 BE SR B8R
Margalef 1850, WIFh Z P8 BN Shannon-Wiener 1840, WIFI S FEFEBOR Pielou 488, LA L F 57 45 e HH £ LR AL R 7 X 38
FEIL AN R A B UCAEMROBRR BEAR 2 R Z R HA 32 A E T AR 3 2850 PR X B AR 2 b 2 MM BT £ B AR
LX) Z REPE AP AT AL SR AL ST
KGR AR TEIE L KB BB ; I B AR A 45 5 2 0

Factors influencing species diversity and comparison of indices of understory
vegetation in secondary forests at various development stages in the mountains of

northern Hebei, China
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College of Forestry, Hebei Agricultural University, Baoding 071000, China

Abstract: Montane secondary forests played an important role in biodiversity conservation. Changes of vegetation species
diversity in understory during the development of secondary forest could directly affect ecosystem stability. Therefore,
revealing the changes of vegetation species diversity in understory of secondary forests at different developmental stages, as
well as their influencing factors and applicable diversity indices was significant for the conservation and the assessment of
species diversity. In this study, we selected seven a-diversity indices and two B-diversity indices for the four developmental
sequences of secondary forest, community establishment stage (1)-competitive growth stage ( I1)-quality-selective stage

(TIT) -near-natural stage (IV) in the mountains of Northern Hebei Province. We aimed to provide theoretical basis for the

E£WA . | E A HFR TR (2022YFD2200503-02) 5 b4 A AAFHF A4 30 H (€2021204002)
#s B #3.2025-03-19; ™ £& H hR B #A : 2025-00- 00
# WIRAER Corresponding author. E-mail ; maliweihebau@ 163.com

http ://www.ecologica.cn



2 xR 45 %

conservation and assessment of species diversity in the region. The results showed that; (1) The a-diversity indices of the
shrub layer showed a general trend of decreasing-rising-decreasing during the secondary forest development; the species
diversity indexes and species evenness indexes of the herb layer showed a decreasing and then an increasing trend, while the
species richness indexes showed a decreasing-rising-decreasing trend. (2) With the development of the secondary forest,
the differences in species composition were decreasing, while the differences in the relative abundance of shared species
were increasing, both the Jaccard index and the Chao index first decreased and then increased. This indicates that the
understory vegetation underwent a dual process of species reorganization and fluctuations in the relative abundance of shared
species. (3) Soil pH, mixing degree, soil organic matter and soil water content had significant effects on species diversity
in the shrub layer, while average tree height, average diameter at breast height and soil total phosphorus content had
significant effects on species diversity in the herb layer. (4) The contribution of species evenness to the community species
diversity index was higher than that of species richness. (5) The most suitable index for assessing species richness of
vegetation in understory of secondary forests at different developmental stages was the Margalef index, the species diversity
index was the Shannon-Wiener index, and the species evenness index was the Pielou index. The results indicated that soil
physicochemical factors had a dominant role in the species diversity of the shrub layer in the understory of different
developmental secondary forests in the mountain area of Northern Hebei Province. However, stand structure factors had a
dominant role in the species diversity of the herb layer. This study provided theoretical support for biodiversity conservation

and assessment in this region.

Key Words: diversity index; developmental stage; soil physical and chemical properties; stand structure; hierarchical
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Table 1 Basic overview of the sample plots
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Table 2 Diversity index information
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Fig.1 Species composition of understory vegetation in secondary forests with different developmental stages
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Table 3 Importance values of dominant species of understory vegetation in secondary forests at different developmental stages

KBV B R

T Z IR . A %
. Developmental Predominant
Vegetative layer . Importance value
stage species
WA EHE ( Corylus mandshurica) + TS (Acer pictum subsp. mono) + L1 |
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Herbaceous layer . . . L
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Table 4 «-diversity indices of understory vegetation in secondary forests at different stages of development ( mean+standard deviation)

MR o RIS S % B B Developmental stage

Vegetative layer o diversity index I I i v

A Shannon-Wiener $§ %k 1.76+0.63a 1.68+0.59a 1.67+0.47a 1.1720.60a

Shrub layer Simpson FEEL 0.71+0.19a 0.68+0.22a 0.69+0.11a 0.51+£0.26a
PIE Fit (] AH B L35 5L 0.7120.20a 0.69+0.23a 0.70+0.12a 0.52+0.26a
Menhinick $8%% 1.11£0.49a 0.95+0.33ab 0.91+0.30ab 0.55+0.28b
Margalef 15 %1 2.51+1.01a 2.34+0.82a 2.39+1.00a 1.37+0.66a
Pielou 5% 0.68+0.15a 0.61+0.29a 0.65+0.09a 0.55+0.20a
Alatalo F5 %X 0.61+0.14a 0.57+0.20a 0.60+0.13a 0.58+0.18a

FARR Shannon-Wiener $5 %41 2.62+0.30a 2.56+0.19a 2.52+0.28a 2.63+0.20a

Herbaceous layer Simpson FEHL 0.90+0.03a 0.88+0.03a 0.87+0.04a 0.89+0.03a
PIE Fift (] AH B ML 3644 0.91%0.02a 0.89+0.03a 0.88+0.04a 0.90+0.03a
Menhinick $8%% 1.90+0.48a 1.46+0.35ab 1.67+0.33ab 1.34£0.31b
Margalef $8%% 4.54+1.02a 4.27+1.20a 4.83+1.11a 4.05+0.73a
Pielou $§%% 0.84+0.02a 0.80+0.03ab 0.76+0.07b 0.82+0.04a
Alatalo 15%X 0.71x0.06a 0.66+0.06a 0.64+0.09a 0.69+0.09a

AR/NG FhEFRoR 225 B &M (P<0.05)

£S5 TRREMBREWRKTER B SHMBRBCFEARER)

Table 5 B-diversity index of understory vegetation in secondary forests at different stages of development ( meanz+standard deviation)

EEW B Jaccard 84X Jaccard Index Chao #5%% Chao index

Developmental stage i 111 v 11 111 v

I 0.7920.06abc 0.803+0.09ab 0.805+0.11ab 0.5420.16bc 0.55+0.23abc 0.68+0.23abc
1 — 0.76+0.06¢ 0.77+0.05bc — 0.46+0.14¢ 0.58+0.09abc
111 — — 0.82+0.06a — — 0.71x0.11a

AN)ING FhER R 22 5 i 2 P (P<0.05)

2.4 AFEEE BB A B AR AR

HIP 2 AT, 2% % 8 B B[R] LS - 9L AR 3T AN AR TR e 35 Kk 3 | b S L 5T &5 6 - 1
PSR HE WA L E BT RER LTS R USSR R WA R E
IR TR B AR A S 35 pH ELRER AR A T 5 ETHR TR e s
2.5 R[EEE BBk A MR S R AR AR

H13% 6 I, EAR 23 [ 25 F v bR o0 BE B U AR MR R B 52 8 - BTk B 22 Al s ~F 24 A R
IR B AR A B B BT PR BT AR RS eSS R, A RURE RN L T Bl R AR K
R TR LIRS IR BEE ORI & T e ETHE T R

R 6 TRIREMBIRERMSD G CFSEARERE)

Table 6 Stand structure of secondary forests at different developmental stages ( mean + standard deviation)

RO LR Y MRAF R R RE BB Developmental stage

Type of forest stand structure Stand structure factor I 1 il v

By ke i) MO/ (BR/hm? ) 1731+£771.78a  483+241.26d 888+418.04bed  882+646.34cd

Non-spatial structures M/ em 14.14£3.60c 19.10£0.99ab  15.48+4.00bc 21.05£4.67a
TR /m 12.76+2.41a 14.72+1.39a 13.52+3.62a 15.29+2.84a

%3 (A 2544 R 0.51+0.7a 0.49+0.06a 0.47+0.04a 0.53+0.09a

Spatial structure KN 0.51+0.01a 0.49+0.02bc 0.47+0.02¢ 0.50+0.03abc
TR 0.23+0.21a 0.29+0.18a 0.45+0.13a 0.36+0.19a

ARG AR R 22 5 3 P (P<0.05)
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Fig.2 Physico-chemical properties of secondary forest soils at different developmental stages
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Fig.3 RDA ordination plot of shrub layer species diversity and environmental factors

H: Shannon-Wiener #5%{ Shannon-Wiener index;A : Simpson $§§ %{ Simpson index; P; PIE F [E] #H i HL % $5 44 PIE interspecific encounter index;
Dy, : Menhinick 841 Menhinick index;DMg; Margalef a8 Margalef index;J: Pielou JE%U Pielou index; E ; Alatalo 84X Alatalo index; SD : k7355

J& Tree density;MTH;qZﬁJMT% Average tree height; W i R Uniform angle index; U: K/INH Dominance ; M : R 32 & Mingling; SOM ; +IEEHL
J& Soil organic matter;TN;i%%%/ﬁ\% Soil total nitrogen content;TP:i%%@%/ﬁ’\% Soil total phosphorus contcnt;TK:i%%%""I £ Soil total
potassium content; pH ; T 3EFRIEE Soil pH; SWC: 13 7K # Soil moisture content

2.7 AFEEFBBR AR I o ZREIERREILE
2.7.1 AFEEEBBORAMM T o 2R B
HIZ 7 Al IR Z REMEAE RO (H A R P) Z A SRR TR 3 T 1 8 25 (P<0.001) o [RIAE, W 4= ' 2
FEEU( D, M1 D, ) FPIFREL 5] BESREL (J M E) Z 6] BAR S B A B 1 2 3K (P<0.001) o SR TR
RI) ZAEPEAR BRI A AR (B BT R AL 149 Z2 Rk P A B — 3

KT TRAREMBXRENRMKTEE o« SHEEEHAXESH

Table 7 Correlation analysis of a-diversity indices of understory vegetation in secondary forests at different developmental stages

E% Index H A P Dy, Dy, J E
H 1 0.96*** 0.95*** 0.80*** 0.89*** 0.87 *** 0.53***
A — 1 0.99 *** 0.72*** 0.76*** 0.94*** 0.66 """
p — — 1 0.73*** 0.76*** 0.95*** 0.66***
Dy, — — — 1 0.88*** 0.64 *** 0.28
Dy, — — — — 1 0.60 *** 0.20

J - - - — — 1 0.80***
E — — — — — — 1

# . P<0.05; ** ;P<0.01; =% .P<0.001
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Table 8 Multiple linear regression of o-diversity indices of understory vegetation in secondary forests at different developmental stages

SRS R BTikR
[Ty 7 R 2 2 Hierarchical segmentation contribution/%
Regression equation odj
Dy, Dy, J E
H= =3.50x1079-0.19 D, +0.71 D, +0.57 J-0.02 E 097  P<0.001°**  21.19 34.23 30.95 10.76
A=-432x10"5-0.13 D, +0.39 D,,,+0.82 J-0.04 E 095  P<0.001***  16.25 21.14 40.62 17.37
P==7.24x10"7-0.09 D, +0.35 D,;,+0.83 J=0.04 E 095  P<0.001***  16.55 20.46 40.89 17.48

2.7.3 AHEE BB MM TS o 2R R

1 F TR H A4S o ZREHEAR B AU, B I 7 TR T ANES 1 R i SRR R 79% , BB S
THREENISIRE 56 2 RO BTmR R 15.55% , BB B T RS E & B, & 0 BT stik %l 94.55%,
REELAF I 7 A o ZRRMERREUNIE R . YR E & SR EU(D,, M D, ) Z F 8RR T B0 D,
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