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Understory plant diversity and niche characteristics of dominant species at

different succession stages in Xiaoxing’an Mountains

DENG Yifei, WANG Zhizhen, DUAN Wenbiao“, CHEN Lixin, WANG Yafei, FEI Shenglin
College of Forestry, Northeast Forestry University, Harbin 150199, China

Abstract: To understand the trends in understory plant composition, diversity, and interspecific relationships in different
succession stages ( pioneer, middle, stable, and climax stages) of broad-leaved Korean pine forests in southern Xiaoxing'an
Mountains, the method of space-for-time substitution was used to select four forest plant communities in the succession

sequence of pioneer stage (1) — middle stage (1I) — stable stage (1) — climax stage (IV) as research objects: pioneer
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community (natural maple birch secondary forest) , middle community ( secondary broad-leaved forest) , stable community
(secondary coniferous and broad-leaved mixed forest) , and climax community ( primitive broad-leaved Korean pine forest ).
Based on the field survey data, the differences in species diversity indexes and niche characteristics of herbaceous layer and
shrub layer of four forest plant community types (forest types) in different succession stages were analyzed. The results show
that; (1) There are 48 species of herbaceous plants belonging to 37 genera and 27 families, and 18 species of shrub layer
plants belonging to 13 genera and 10 families. Rosaceae is the dominant family of understory plants in this area. The
important value of Aegopodium alpesire was the highest (17%, 19%, 17% ) in the herb layer of succession stage I, I and
III, and the important value of Oxalis griffithii was the highest (16% ) in the succession stage IV. The important value of
Deutzia scabra in the shrub layer gradually increased during the succession process and was the highest value in each stage
(25% , 28% , 33% , 37% ). (2) In the process of succession, the four a diversity indexes of herbaceous and shrub plants
showed a  unimodal ’ response pattern. Except that the Margalef richness index of herbaceous plants was significantly
different in succession, other diversity indexes did not show significant differences. The variation range of the two (3 diversity
indexes of herbaceous plant communities (0.35—0.66 and 0.75—0.85) was higher than that of shrub communities (0.24—
0.39 and 0.72—0.77) , and the similarity between the two communities in the succession sequence was not necessarily the
highest. (3) The niche breadth (4.91,4.35,6.15) and importance value (17%, 19%, 17%) of Aegopodium alpestre in
the herb layer were higher in succession I, II, III stages, which occupied a higher position and dominance in the
community. However, in the succession IV stage, its niche breadth (3.62) and importance value (7% ) began to decline,
and the position and dominance were gradually replaced by Athyrium brevifrons and Oxalis griffithii. Deutzia scabra of the
shrub layer occupied the largest niche breadth (7.44,7.98,8.03,6.36) and important value (25%, 28%, 33%, 37%) in
each stage, and had strong resource utilization ability and environmental adaptability. Species with O, ( niche overlap index)
< 0.4 accounted for a large proportion of herbaceous plants and shrub plants in each succession stage (average 79.17% of
herbaceous layer, average 64.29% of shrub layer), and the degree of niche overlap was low. Interspecific competition

among dominant species of understory plants was not easy to occur, and the community was relatively stable.

Key Words: broad-leaved Korean pine forest; succession stage; important value; niche width; niche overlap
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Table 1 Overview of plot information

et e i s it w G
Forest type position degree Longitude Latitude Elevation/m density stand
J B R o 2T AR 73 240 113°54'35.329703"E  47°10'23.615927"N 476 =0.7 230 4F
Primitive broad-leaved Korean L33 23° 113°54/34.190286"E  47°10'23.453121"N 473
pine forest T 24° 113°52'06.256239"E  47°08'32.693833"N 471
WA S IR 2K o7 13° 113°52'41.417581"E  47°08'35.485177"N 373 =0.8 125 4F
Secondary coniferous and broad- g 12° 113°52'15.598903"E  47°08'35.554057"N 361
leaved mixed forest T 13° 113°54'45.685519"E  47°10'21.422000"N 356
WA K gk 16° 113°54'42.832089"E  47°10'23.977963"N 535 =0.8 69 4F
Secondary broad- g 15° 113°54/33.660653"E  47°10'27.727074"N 493
leaved forest T 16° 113°54'41.654207"E  47°10'18.375036"N 454
KARIAER AR 7 20° 113°54'39.467591"E  47°10'19.668607"N 520 =0.8 39 4
Natural maple birch g 13° 113°54'36.903218"E  47°1019.796133"N 498
secondary forest T 15° 113°54'28.572476"E  47°10'31.738336"N 484
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255311 (One—Way ANOVA) MR 4341, B MK a=0.05, 5T R 4.3.2 KA spaa H1HY niche.
width \niche.overlap BRI HT SO P E AN ESIEE ., A BIE ML HIITE OriginPro 2024 Hif 1T,
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( Caryophyllaceae) . EHEFF( Ranunculaceae) JEIEF} ( Lamiaceae) \Z KB ( Urticaceae ) 55 WY P B E 22, 43 5l M
544433 HEeRT BRI 2 A, FOEN BT IR AR RS i w (20 B 25 & 29 ) i
BrBeiy A R e A (19 BE 21 J& 23 Bl) o BEAN, BEARJZ AP ILA 18 B, 40 )8 10 BE 13 &, DLk AR
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BEF MR ZHYF R L A AR Z R 13 F, s B T A Z YD, BAFHE 8 Fl,

CO# B s
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¥ & Number/4>
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WP Bt Stage of succession

E1 AERENERTEYER
Fig.1 Composition of understory plants at different succession stages

I . JEE B BE Pioneer stage; 1T . IR B Middle stage; I - & 7€ B Bt Stable stage; IV ; TR B Bt Climax stage

3.2 A[EEE BB T A U0 5P 0 S A AR

X/ INEAZ W AN [R]HRS B BT BYAR TS A A TS AR D034 B 45 B30 o 4% 180 B BT L3R, 75 13 LA
AT EEAE AR 2 PR, FEARFEE BT , A FZRAR T IEAF A E R B, Gl A2
T RN (Aegopodium alpestre) |, B T 22 B ( Carex siderosticta) , AR )JZ W B 5 ( Deutzia scabra) | H) 11N
( Eleutherococcus senticosus ) S BFPAEA R BY B 246 040, (EFAZ /NI e A 3R B B 1) e By
B U BB B 1 AR B B I e o 0 3t 7 T 7 TR i Be IV 328 ¥ 8 AR A6 8 5 Bk ( Athyrium brevifrons ) il
LSRR ( Oxalis griffichii) TR, TEREAJZ H  ZEAS [R]VEE B Bt o 41 266 X 1) D0 35 i o7, 38 it 1) o {7
AN B By fe e, G T A AT ) B AR, 2] 25% 28% \33% 37 %,
3.3 AR BAR T YIS o YR 2T

AERE B B T MY ZRE AL I & 2 iR, AR 2 HEARZHE Y Margalef = & B8 %L . Simpson £
FEMEFE 2L Shannon—Wiener ZFEMEFEELL K Pielou 34775] BEFE Bkl 5 08 1 B 7 AR AL i 45— 3, ¥R S KU
/N S RS AT (H RS A ) AR PR R (R IRA A 30 1L T A S A 1 WA (T IR 3 1
WrBe, XA g B AR AR T RE TR Z Y 2 ER RO BT S DEEA Z W) 2R B0 TR, BE
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HHE AT , KPP Simpson ZFE1E$8 %0 . Shannon—Wiener Z2FEPEFE R LA S Pielou #)2) B8 BOT %A
R BERNES BRI AEEE [ B Margalef =& #5550 E B & PE R8N0
R2 BEABHEYREABEUREHARREEERE

Table 2 Dominant species composition and important value of herb layer plants and shrub layer plants

Y HEIY

HE Importance value/% HEA Importance value/%
Herb Shrub

1 | I v I I} I v
JNHFE Aegopodium alpestre 17 19 17 7 || B Deutzia scabra 25 28 33 37
WM ZRE Urtica angustifolia 14—  —  — || BEIN Eleutherococcus senticosus 14 11 5 12
S 25 Carex siderosticta 12 2 4 2 || ZRACIWHEAE Philadelphus schrenkii 21 11 9 9
FIETEKSE Cardamine leucantha 12 7 5 4 || &4 Lonicera maackii 16 19 12 12
BT Chrysosplenium serreanum 9 9 13 6 || ¥ Euonymus alatus 14— 3 4
RIWE Equisetum hyemale — 13 1 — || M Sorbaria sorbifolia — 6 6 —
RALIEE S5 BR Athyrium brevifrons 3 13 4 14 || ZXHET Ribes janczewskii 5 6 9 4
Um R Enemion raddeanum 1 9 5 6 || BT Corylus mandshurica - - 14 12
WFE Filipendula palmata 3 — 0 —
HWR Urtica fissa — 4 9 2
IK 4 R\ Impatiens noli-tangere 1 1 6 6
ISR B Oxalis griffithii — 4 — 16
REEAE Galeopsis bifida - - = 7

T . JCEE B B Pioneer stage; I : P IFYBE Middle stage; I . F 2 B Bt Stable stage; IV : TR BB Climax stage

—— AR —e— WK
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e & 5 065 f
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12F 5 0.55 |-
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I I I v
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§ e 0.95 |
> . o
o 0.90
g5 15} &
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2% 13} TS 080 f
. 2 g?:
=1 .
cs 12y & 075t
=9 4 A~
g 1L
2 0.70 |
1.0 L
09 L . . . 065 . . .

W Bt Stage of succession

2 AEEREMRMATEY o ZEETLRE
Fig.2 Changes in the diversity of understory plant « at different succession stages
NG FRIORFAR Z B B ENE  RE TR RN AR Z (] B B 1 S B Pioneer stage; I AP BT Bt Middle stage; Il : 52 % B Bt
Stable stage; IV : TR Bt Climax stage
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3.4 AFEEBBAR T YT E B YRt 2R

RV /N LW KR R W) AE AN [R) e R By B 78 (B ) AP 2 R AR AL B SerensenB Z2FEMEFEEL  JaccardB
VTR R ITAR R AR TR TR 00 22 Sk . RN B AR MR BB &y, R W PRI B B % ) 2 S PR
FAAEY) B AR RS R /R (3R 3) , PUMIEE B BE T 1Y Serensen ZAEMEFRE T T 0.35—0.66 , BB FA
TV AR L R T R AR TORRI R BE A4k, w11 s 1 M Beli) g 2 ME P4 Bcdm v , d W3 79 i Be
T A YRR (B) 22 SR R, e W R U D . JaccardB ZREEFEEAE FAHEVE B], 55 Serensen ZFE:
FRB—HE BT AR B EE R ANFEREE B B EAR MY B 2R B AL, 3R 3 R AR TR A )
RETR HEARTEVRH]) B ZREMEFEBUB LR B, ZErP 3 T AT IV B B8], SerensenB Z2 A MEFE i K, IR
VIR A S . S TERR e DRI IV B B 6], SerensenP 22 FEVEH8 BUE A, A AE 7% 18] 929 0 20 550 AR 1) Pk B
o JaccardB ZFEMEFEBTEREARREE ML R I TRMRYLER

£3 TRAEEMRTEREEMAZMERBRENREN B SHEREY

Table 3 3 diversity index of herbaceous plant community and shrub plant community under different succession stages

. N HAZHYR WA Z YRR
TR BB Herbaceous layer plant community Shrub layer plant community
Succession stage

I I I v I I I v
I 0.85 0.77 0.82 0.75 0.72 0.75
I 0.66 0.76 0.75 0.33 0.74 0.77
I 0.41 0.37 0.80 0.24 0.31 0.72
v 0.55 0.35 0.51 0.33 0.39 0.22

2RO N R BRI REIE 1 B ZREEAR A, A0 A HEAR B A IS 1 B ZHEMEAR A Hoh AR 2 42 R34 Serensen ZFEPEFREL, 4
#8434 JaccardB LR R, A 2B TEARZ R AR —2 1SS B BE Pioneer stage; Il : I BT Bt Middle stage; Il ; %2 2 B B Stable stage;
IV . AR B Bt Climax stage

3.5 AEBNTERE

H 3 4 AL 7R B B 1 i FIAEREORSE /N B o 20 oo A 2R 28 AL B B, SR WX 3 MR e
TR LD FR BT IR T BE i, X R R AR ()38 I BE T AN R B B 22 (R, AR ) A A A
KA ANRFE L B AE AL (BN . FIAEROKRSEN 7.20 FRES 2.36, 7K 4 XU 1.00 B4 4.47) , o] UL, e V%

x4 BEXREYREREVESMLEE
Table 4 Niche width of herbaceous and shrub plants

" AL SRR || | AL P2 34 T
A Niche width Total niche || A Niche width Total niche
Herb I n M v width Shrub I I I v width
SN 491 4.35 6.15 3.62 19.03 B 744  7.98 8.03 6.36 29.81
T 3.02  0.00  0.00  0.00 3.02 i A 6.24  4.48 272 436 17.80
Pl 2.62 1.00 2.86 1.76 8.24 ZRAv i fE 7.42 3.63 2.92 4.53 18.50
FIAETE K S 7.20 3.92 4.30 2.36 17.78 SHREA 5.16 5.79 3.73 4.25 18.93

& MET 3.52 3.96  5.58 1.00 14.06 o 3.20 1.00 1.00  2.64 7.84
A 0.00 4.80 1.00 0.00 5.80 BBkl 1.86 2.63 1.00 0.00 5.49
RACER 2R 1.00 3.40 2.82 5.45 12.67 KT 2.30 1.74 4.28 1.94 10.26
0 s S 1.77 5.45 3.73 5.71 16.66 EBET 0.00 1.90 3.66 2.97 8.53
LGRS 1.78 0.00 3.59 0.00 5.37

SRR 0.00 2.98 5.36 1.00 9.34

K4 IR 1.00 1.00 4.02 4.47 10.49

LI 0.00 4.22 0.00 6.13 10.35

AL 2.17 0.00 0.00 2.03 4.20

I . 5CEE M BE Pioneer stage; 1T : PR BE Middle stage; T : £33 B BE Stable stage; IV TRA B BE Climax stage
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B B B A AR R, — Se R i A A Y (L B = & A O T S8 T e TR A iR i
R ZNA AR FAS R Y RE T b AR A LB B SR AT /N (19.03) L FIAERFOR S (17.78) (Bl AL A
(16.66) , HIX = Fy R e A AR B BEAR A7 AR, 38 WX = A4 Fh e AR A 90 JE 7 T v o 0 A s 1) £ 3
B, XA AT BRI A SIS N RE ) M L e R e g T,

FEREARMYIRER BT (R 4) B AE B O B B I e R AE S SE B BB 1 (7.44) (BB Il
(7.98) BYELIL(8.03) BBV (6.36) , A A7 Ve A 29.81, 1 = T Ho e My, d BH I8 B %k PR % 110 38 107 1 45
R, B BORITERRE ST ) TRz AR TR P RRE  TOUR  B, A [R] 1 AR B BUAR AT DAAR & Y AR
A7 X BT 5 HA Y- A AR IEAR G . T4 2507 58 FERL /N — BBV R, 0 2Bk 5.49 . % 7.84 X HEBE 1Y
TS, TR TR T A b AL TR A
3.6 EBNES

B8 5.3 6 Al 7EG R T BB b 19400 R B — I 50 (1.00) 0T FE—RIAEAE (0.80) , v EF 11 B Be iy
AL 2R — LI 2 (0.86) /N FE—4IET-(0.77) , 25 T B B A 40U SR B — B AR K 5% (0.81) | THEE IV
B B () i 22— SRR (0.91) AL 5 B—7K 42 XU(0.86) , 3k SRt i) A= 254y BB (H A, BA B E AR
AR BRI SE Pl s, R 1 BB 0, <0.4 1A 65 X, di S04 83.33% ;182 11 BirBt 0, <0.4 11
A 62 X, 5 EXTEY 79.49% ;8 M BBt 0, <0.4 194 56 X, o5 S8 71.79% ; 8 IV B: 0, <0.4 (94
64 X, i X ELAY 82.05% , FETHER BB IAT, 0, <0.4 BY{E /)N, 3 2 WA 7 T8k 10 I B 4y i 1) A 0 R o 4
SR EN RIS G VR A A SR AL v
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Table 5 Niche overlap values of dominant herbaceous species in succession I and II stages

YIFh Species 1 2 3 4 5 6 7 8 9 10 11 12 13
1 000 036 050 077 040 0.13 032 000 042 000  0.08 0.00
2 0.28 0.00 000 000 000 000 000 000 000 000 0.0 0.00
3 032 0.05 056 046 000 000 000 000 063 000 023 0.00
4 063 036  0.55 036 018 015 066 000 063 000 031 0.00
5 034 027 003 0.0 038 015 010 000 079 0.4 022 0.00
6 0.00 000 000 000  0.00 047 052 000 011 072 047 0.00
7 0.00 072 000 034 014 0.0 069 000 016 000  0.86 0.00
8 0.15 007 007 057 051 000  0.00 0.00 021 0.4  0.67 0.00
9 0.00 007 007 057 051 000 000 100 0.00  0.00  0.00 0.00

10 0.15 000 000 000 000 000 000 000  0.00 0.00 036 0.00
11 028 063 000 011 027 000 000 000 000 0.0 0.23 0.00
12 0.00 000 000 000 000 000 000 000 000 000  0.00 0.00
13 034 017 015 052 026 000 000 079 080 000 000 0.0

AR AR | AR SO SRR, R AT I I Y AR AL T B R R TR AR IR R T A S E SR 1
INIE YR Aegopodium alpestre; 2: B M 3 BR Urtica angustifolia; 3: 58 W 22 B Carex siderosticta; 4 11 46 W K 5% Cardamine leucantha; S: 4 i+
Chrysosplenium serreanum ;6 ; KW Equisetum hyemale;7: = AU 35 BR Athyrium brevifrons ; 8 $l i e %L Enemion raddeanum ;9. 8 F ¥ Filipendula
palmata ;10 S FE Urtica fissa;11:7K 42 R Impatiens noli-tangere; 12 INTEIK 2L Oxalis griffithii ;13 RIRAE Galeopsis bifida

e 7 AL BERAE YA SRR R T BB, 0, =0.7 SR 17.86%, 0, <0.4 Y & s % B0
53.57%., TEWE BB, 0, =0.7 ITE,0, <0.4 1 & BXEN 75% , 3% 8 Al AEi 2 I EL, 0, =0.7 1Y
b BRI 3.57% , 0, <0.4 15 S 57.14% s FEEE VT B, 0, =0.7 5 B89 3.57%,0, <0.4 11y
AR 71.43%, 0, =0.7 7EEE 1T BBt i KME, 0, <0.4 7238 1 BB /M, R EEAR MY 1
b= WD B 7 B SRR b € S 1 s 50 O R DG M L i = R i1 1 £ e S SN VAR = 5PV
B2, 0, F8BABEK, JF B s T o5 6 SRR AR08, 2 T H B R = R 554
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Table 6 Niche overlap values of dominant herbaceous species in succession III and IV stages

Y Species 1 2 3 4 5 6 7 8 9 10 11 12 13
1 0.00 0.00 0.30 0.00 0.00 0.35 0.55 0.00 0.00 0.30 0.57 0.629
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0
3 0.77 0.00 0.20 0.00 0.00 0.21 0.15 0.00 0.91 0.24 0.18 0
4 0.52 0.00 0.33 0.00 0.00 0.72 0.55 0.00 0.00 0.35 0.38 0.063
5 0.42 0.00 0.23 0.66 0.00 0.36 0.30 0.00 0.00 0.30 0.08 0.17
6 0.44 0.00 0.45 0.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0
7 0.33 0.00 0.00 0.00 0.43 0.00 0.57 0.00 0.00 0.86 0.76 0.345
8 0.59 0.00 0.38 0.81 0.57 0.00 0.15 0.00 0.00 0.48 0.59 0.21
9 0.69 0.00 0.64 0.35 0.18 0.77 0.45 0.26 0.00 0.00 0.00 0.00
10 0.57 0.00 0.43 0.40 0.60 0.30 0.34 0.19 0.35 0.00 0.00 0.00
11 0.62 0.00 0.30 0.66 0.45 0.17 0.00 0.51 0.20 0.71 0.79 0.41
12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.42
13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

AR IY R REATERGE T Y A AL B HE R LB A HOARTE T IV I A A B AR H 1 /N T Aegopodium alpestre ;2 : M SE R Urtica
angustifolia ;3 ; SEWZEHL Carex siderosticta ;4 FAEREKTE Cardamine leucantha ;5 ; 4 BT Chrysosplenium serreanum ;6 : KW Equisetum hyemale;7 ; 4=
JCEFIZBR Athyrium brevifrons ;8 . L SR % Enemion raddeanum ;9 8T % Filipendula palmata ;10 ;WK Urtica fissa;11:7K4: X\ Impatiens noli-tangere;
12 INEESW B Oxalis griffithii; 13 : MNAE Galeopsis bifida

RT ERE I IHREAEUABHESNESRE

Table 7 Niche overlap values of dominant shrub species in succession I and II stages

Yk Species 1 2 3 4 5 6 7 8

1 0.69 0.67 0.68 0.31 0.33 0.58 0.32
2 0.74 0.36 0.50 0.00 0.36 0.21 0.35
3 0.77 0.72 0.46 0.22 0.08 0.00 0.33
4 0.83 0.57 0.57 0.24 0.69 0.13 0.31
5 0.25 0.53 0.52 0.32 0.35 0.00 0.00
6 0.47 0.18 0.51 0.00 0.00 0.00 0.00
7 0.49 0.26 0.57 0.00 0.07 0.98 0.00
8 0.00 0.00 0.00 0.00 0.00 0.00 0.00

TR ATEAAE e T RSN HERAREG FAEER 0 AR T A S EESHEEG 1B Deutzia scabra;2 . F| T Eleutherococcus
senticosus ;3 ZKAv 1M 4E Philadelphus schrenkii ;4 : AR A2 Lonicera maackii;5; By Euonymus alatus ;6 B ¥M Sorbaria sorbifolia ;7. ZSEET Ribes
Janczewskii ;8 EET Corylus mandshurica

RS HEEBN.VHMREAERMABHESUERE

Table 8 Niche overlap values of dominant shrub species in succession III and IV stages

YIF Species 1 2 3 4 5 6 7 8

1 0.40 0.55 0.53 0.22 0.00 0.27 0.31
2 0.58 0.52 0.20 0.77 0.00 0.38 0.20
3 0.58 0.31 0.63 0.27 0.00 0.00 0.10
4 0.52 0.50 0.44 0.16 0.00 0.16 0.58
5 0.16 0.00 0.00 0.00 0.00 0.34 0.39
6 0.40 0.00 0.00 0.00 0.00 0.00 0.00
7 0.79 0.50 0.54 0.27 0.35 0.00 0.53
8 0.45 0.08 0.00 0.43 0.42 0.00 0.20

AR N EATE e A A S B8 8 L3 I HEATE TR IV A AR S B B A8 80 1. B Deutzia scabra ;2 Jl H N Eleutherococcus
senticosus ;3 : ZR AL ILAREAE Philadelphus schrenkii;4 . AR 2% Lonicera maackii;5: By Euonymus alatus ;6 B IMF Sorbaria sorbifolia ;7 . ZXHET Ribes
Jjanczewskii ;8 : BT Corylus mandshurica
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