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Species diversity and influencing factors of coniferous and broad —leaved mixed

forest communities in different successional stages of Changbai Mountain
LI Qibin, ZHANG Chunyu, ZHAO Xiuhai "

Research Center of Forest Management Engineering of State Forestry and Grassland Administration, Beijing Forestry University, Beijing 100083, China

Abstract: Based on field survey data of three 52 hm’ permanent monitoring plots of coniferous and broad-leaved mixed
forest in Changbai Mountain, the tree species with diameter at breast height (DBH) = lcm were used as the research
object. R4.0.3 software was used to calculate the species diversity index and perform species diversity correlation analysis
and multiple regression analysis to explore the impact of biotic and abiotic factors on the species diversity of coniferous and
broad-leaved mixed forest at different succession stages. The results showed that: (1) the four species diversity indexes of
the three typical coniferous and broad-leaved mixed forests decreased with the positive succession, among which the species
richness, Shannon-Wiener index and Simpson index showed significant differences in the three succession stages, while the
Pielou evenness index showed no significant difference in the secondary poplar-birch forest and the secondary coniferous and
broad-leaved mixed forest. (2) The DBH structure variable was the main driving factor affecting the change of species
diversity. With the succession, the impact of forest stand density on species diversity was increasing. (3) All soil factors
showed significant indigenous effects on the species diversity index in the coniferous and broad-leaved mixed forest stage,
while only soil total nitrogen had significant indigenous correlation with the species diversity index in the secondary poplar-

birch forest. Soil total phosphorus was the main factor affecting species diversity at the stage of the mixed Tilia and Korean
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pine forest. In summary, the study concluded that in each succession stage, biotic and abiotic factors affected the species
diversity of the forest communities. DBH structure and stand density are the main factors affecting the species diversity of the
community, and the soil factors in the forest stand are affected by different community characteristics and produce different

changes, which have different impacts on the species diversity of the community.

Key Words: forest succession; coniferous and broad-leaved mixed forest; species diversity; impact factors
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koraiensis) 2% ( Tilia amurensis) R4 (Abies nephrolepis) '™,
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Table 1 Summary of three permanent forest plots in Changbai Mountain
1Y LHE HIZ 7 L TR
Forest type Latitude and longitude Aliitude/m Plot areas
PBF 42°19.168'N  128°07.817'E 879 (865—894) 5.2hm?( 260mx200m)
CBF 42°20.907'N  128°07.988'E 813 (798—826) 5.2hm?(260mx200m)
TKF 42°13.684'N  128°04.573'E 1021 (1005—1034) 5.2hm?( 260mx200m)

PBF . I 4 #HEpR Secondary poplar-birch forest; CBF . A 4F FAIE 32 Ak Secondary conifer and broad-leaved mixed forest; TKF: JEHRRB AR 2T AN AR

Mixed Tilia and Korean pine forest

*2
Table 2

3 EEM Ay A IEE Y T EHIR S ITEIE

Descriptive of biotic and abiotic variables in the three sample plots

AR 1 variables

MAFERY Forest type

PBF

CBF

TKF

ity

p
RAERR

¥ Coefficient variation of DBH

MR4>9EE Stand density/ ( m®/hm?)
+ 425 7K 1= Soil water content/%

T HEERE Soil depth/cm

HHLF i Organic matter/ ( g/kg)
1324 Soil total phosphorus/(g/kg)

+ 3447 Soil total potassium/ (g/kg)

+ 342K Soil total nitrogen/ (g/kg)

T IEERIEE Soils acidity or alkalinity/ ( H,0)

1.2930+0.1430
0.0030+0.0007
30.9500+11.3600
46.5700£15.2200
16.7900+9.1800
0.0079+0.0035
2.1620+0.6260
0.3064+0.1259
5.3470+0.2810

1.2260+0.2220
0.0036+0.0009
54.7800+10.9900
35.8500+12.6800
17.2400+8.6500
0.0051+0.0018
2.2800+0.6200
0.4838+0.2937
5.2200+0.3520

1.5150+0.2150
0.0058+0.0013
28.1900+3.4400
27.9200+7.4100
16.4600+9.1300
0.0602+0.0167
2.3630+0.6960
0.3667+0.1454
5.4940+0.4140

DBH.: fij#% Diameter at breast height

22 YRhZREIETTSE

AT 4 A H YR Z AR R0 0B F 5 (S) (Simpson $5 %X (P) . Shannon-Wiener 5% (H) Hl
Pielou $8%50(E) ™22 ) HHEARWTF .

Y = B2 5 ISR IR I R (S)

Simpson 4.

Shannon-Wiener $5%% .

Pielou #1544 : E =H/InS
K, S WV TR PR, N OIS B SRR, P, ORSE | AR B ARE S B SR L
2.3 Hmib

T SR IR R J7 22 73 BT ( One-way ANOVA) 73 H7 - 18085 B B[] ) b = &7 B2 | Simpson 45 %, Shannon-
Wiener 45 8UM Pielou 2J5) BEFE RN 22 5 . TERIRBUEFT & IEA 0G5 , R A Pearson FHICHE T Y1 Z 4
PEFRE S A T Z e R, RIERAT XL PERARL ( Generalized linear model ) ¥ 5 Fh 2 £ 1E 8 5011
IRSNA T, BdE AT FZoR A R4.0.3 3144, 8 mass i TIES 0 A5 BRI 2R 7 22408, corrplot 4T
FAEAES T broom ALHEA T SCZRMEARE AL S04

H=- 2 PlnP,

i=1

3 HBREHS

3.1 A[EER BB YR Z TR ECRAE

Y 4= B LA AR i MEAR I Bt i 5 (19.62) |, Bl 1825 1F 1) AT B W R AR, B U AR T R TR 22 pK LA A
LT RAMRINY BE 22 57 18 3% (P<0.05, F[A]) . Shannon-Wiener $§ %855 Simpson $8 505 18 5 ) E 1732 MR A1R , 3 1
BB B2 0] 22 5 W 3 s Pielou 5] FERE B LU IR MR ZLAA PRI B B AR (0.7236) (IR AE M #ERR R 5 (0.7925) ,
DRI WA A (14 121 ) i B8 BB T BRI, (R A AR 5 UL B RRTTR SR B 22 e AN 2 (KR 3)
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x3 TREZEMERNREZNMTHSHEEEY

Table 3 Species diversity index of forest communities at different succession stages

WRAFIEHY Y Shannon-Wiener $5%% Simpson T84 Pielou $J5] B84
Forest type Species richness Shannon-Wiener index Simpson index Pielou evenness index
PBF 19.62+3.58a 2.346+0.216a 0.8579+0.0447a 0.7925+0.0579a
CBF 14.47+3.16b 2.091+0.317b 0.8156+0.0732b 0.7874+0.0731a
TKF 7.92+1.50¢ 1.481+0.202¢ 0.6911+0.0794¢ 0.7236+0.0836b

(] — 3] H AN [R] 69 - 7R W o 22 A 15 A7 S ()8R B B ) S5 22 57 1 (P<0.05)

3.2 AR G B YR RS R 3R B AR S
FHRAE BT AN 1 FroR AR AR e rp A S 2R 005 W b = ' B8 I 25 TE AR G, 1T Simpson 4%

WAMHERR
sd 023 -0.18
OM 035 -0.28 043 036
P -0.18 0.51 031
K 022
C N ) N 0.18
pH -0.18
O SW -0.35
cvD 032 026 —0.45
sD
SR 061 031
@ s 00 0
‘ Sim | 0.86
. “ Pie
WA SRR 2 bk
sd 026 021 0.53 051 051 046 037
OM 045 ~0.52 04 022 026 028 032
® » 040w 031 036 042 04 036
® O « ox 027 033 ~0.33 ~0.29
C W) N 018 021 02 02
pH 024 ~0.26 ~0.19
o sW 047 038 03 018
CVD 024 022 025 032
sD 024
O O @ SR 084 071 045
e o O . Shan  0.96 0.86
[ ) ® ’. Sim | 0.91
@ S 000
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R B ABURS £ AR AR
Sd —-0.27 0.22
OM 022 026 04 -0.28 0.19 0.18  0.23
P 0.28 -0.22
K -0.19
N
pH
SW -0.2 1 0.22 —0.18
CVD 0.18 —0.31 —0.41 —0.52
SD 0.19 02 024

SR | 0.57 033

. Shan | 0.94  0.71

‘ Sim  0.84
o° 00~

1 ZHEZYMSHERERSHNEFZ EEEXES
Fig.1 Correlation analysis between species diversity index and influencing factors for forest communities
Sd; HHEERIE Soil depth; OM ; HHLFE i Organic matter; P; +3E4:8 Soil total phosphorus; K 138448 Soil total potassium; N; + 34 % Soil
total nitrogen ; pH ; T 3ERHRE Soil pH; SW 1455 7K i Soil water content; CVD; il 275 5 Z ¥ Coefficient variation of DBH; SD; Ak 435 i

Stand density;SR;%ﬁ] | R Species richness index ; Shan ; Shannon-Wiener F5 %% Shannon-Wiener index ; Sim ; Simpson fa% Simpson index; Pie

Pielou Y21 FEFE %L Pielou evenness index; fE7E ITE BT ZIR P<0.05, 1 (632 /R IEAH G , 21 €6 38R SAAF G  BUEER | [RITE R | s AR G M i

HUR Pielou Y21 BEFR B 3 A G, 45 pH 5 Pielou 5] BEFEEE 3 FAH O ; 7E R A S TR AS R, i #2728
SRS YR RSB TG R B Pielou Y5) FEFE B 35 T 56, HIEIRE IR P &
i R TR LA KSR BT 3 ARG T e S R B 2 W Tl
K, T IERRHEE i 5 PR = & BE AN Shannon-Wiener $8 %50 25 57UM 0C ; 7E IR IR MR ZLAA AR by, B2 S R A S
Y= B IR AROG A 3 D AR RO B B UM O, AR %5 5 Shannon-Wiener 5 %1, Simpson

5 HCH Pielou $45) BEFEEE 2 EAHSC , 1GR3 5 K i 5 Wy i 2 BE SR B0 W 28 B ARG, R ML
0] 5 Simpson FEEUHN Pielou $4)5) FEHRHUE 2 IEAHDC, [FAT 13348555 Shannon-Wiener $5 8000 3 FAAHIC
3.3 AP BREE YR Z AR K s A T

X5 R - S RE IS VIR Z R AR BGHAT) LM (GLM) 43 A (18 2) B, TEIR A ek 2R

R A2 AR S5 R BOH W Fh 32 6 BE YA AE 835 IERUN (P<0.05) | T 48748 5 2506 Simpson #5501 Pielou 35] &
TEECIAAAE 1035 0000, s TR A B TR SR, IR FEXT R Shannon-Wiener 850 5h 19 T A ¥ 2 FE 35 4
YAEAE o 35 IR0, 1 3R X AP =F & B Simpson $8 501 Pielou 372 B 48 K0 47 4E 835 AR, 42748
S Z B0 Shannon-Wiener F841 . Simpson 8 £ Pielou 247 FE 8 KA A7 AE . 35 SR00 , R385 W) b 32 6 B
FETE 35RO, X Pielou ¥4 5] B 48 BOFF7E 25 048800 78 I A6 MBIRE LA AR vy, 1 0 A Wl X 0 b 3 32
Shannon-Wiener 5501 Simpson $8 %0 ¥ 77 76 . 2 T80, #R 43 %% & X} Shannon-Wiener $8 %%, Simpson 3§ (il
Pielou 5] FEF8BUFAE 38 TR0, A28 5 RS ZAH
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5
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K i ]
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| 1 1 1 1 1 1

-0.04 -0.02 0 0.02 -0.04 -0.02 0 0.02
RN AE Effect size

B2 FEMERFMEYETFIM SRR
Fig.2 The influence of abiotic factors and biological factors on species diversity index
PBF: KA HERK Secondary poplar—birch forest; CBF: YRA: 4T RIS Secondary conifer and broad—leaved mixed forest; TKF; JF AR AR LT HA K
Mixed Tilia and Korean pine forest; 2k &%/~ 95% {5 X [8], IE{HZR W EAUM (P < 0.05) , H{HFR #5300 (P < 0.05)

4 e

4.1 FRARPIRP LS R R A E R

KA L BRIV PR 2 R PR A I 1) R 1 A P A A S A AR v RS — ML PR B W 2 A 1
MBI WA VLA AR HEA T, VA W 22 R e W, J5 SCZ W TR 1) AH % £
SE , WIFZ REPE G EL H B RO FPObT B B 0 TR e I 2 AN RR O 1o i o o R R SR
TEIZHTIRD 3% A RESE R N S PR 2 PR AR A RO S, B 2 DR O 5 DL i LU 113088 K T A AR fT 5L Peilou 4
SRR BT AR A v AR ARARRETE 2R MR B I 4 SR R R RS R L
IR, Peilou B2 BEEAREUR R . Loucks'™ IUMFFE SR A& 8L, WIS 7o Peilou 3495) BEFEBSEHE NS T B,
FAPERS RLERE 7 b LU BT BT Peilou 352 BEFR B B EAR
4.2 RAEEE YR ZREE AR YN T 22 (8] S ek

WA A5 e RS I R SRR R T A I B B A L I AR A R 2 B X W e AR R AR IR ER (181 2)
VLI R AR S5HG 1] LA i B h 2RI S, TR A O B, AR 25 5 W R R e B A T
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FAE (P<0.05) , R BIBEE AR RS540 10 A2 4L, W) Rh Z2FE 1 i 25 0820 | 3 AT REFIRY o 58 4 Fife ol Sf i) ] ] % I
WA TRREEE T YRR & RIS R A 2, v e B R AR

17} Tilman WA FERHE AR, BT 22 05 T DR A, BEVE 0 R AE XA 20 el R FE A T 2 A S e A
X EABIETEAE Y EARYVE IR AR AC L DRIV ) b Z R PR 32 AR T 45 R — B, A R4 B i 5 52
Wi AR S A S M AR T R SRR A A DA BB FEIE S5, TS M AR AR VE I B A2 L kB4
WSS PRI AR MR85 B S b 2 BE | Pielou 345 B2 48 SO O PEAR 25, T 7 JEL A6 AR AR L AR R AR o3 25 32
5 Simpson F84  Shannon-Wiener 84U F1 Pielou $5 %3532 81 E%E‘J*ﬁ%@( P<0.05) X 15 B it 5 e R A 1E
[ HEAT RO B A — e R AR T REVR RN 2R B MR OB RIS, Wb AR R B Ay i
XGE A X E G BE AR R BRI B YR E 5 2R PR BRI R TN 1 45 R A
J5 PRI T R Bt R0 B BN 35 A R RN 3 22 Wb ZRE RS 0 T 25 0 R SRR ARy B
A 5 AL 1 2 L RV X P b 2 REPE TR SRR AR 3] 209%0—58 % HZE S | i M 42 435 ¥4 Xof W ol Z2 F 1 48 50 B0l
R IRF] 209%—40% o FIT LA, TEARREAS RIS By Bl 22 REE A Joy 1 52 0 DR 1), 32 2800 2 7% JE M 12 4514
ERp=AUTN
4.3 FRMEETE Y FD Z A% AN 0 DR 2 R I

AR B BORAR W) R Z FEE AR RS TR P AP AE AR R AR DG M . ISR 00 & B2 )+ 2
FEMERSCHERI R FEWR A pe b+ 38 4 0 5 W Fh 2 R MRS B0t 3 M G IR, 30 5 P8 26 L DX iRk
JIRSE A= st R P R 7 22 e ST 45 SR RSO DT+ 504 U S B R 7 3o AR - R O S e R )
AR HETT S I B Fh AR B HIE A S B, YR SRS RRAL, X S Lu N RS — 3K,
AR T SRS B RGN S S R RN ERE T o O TR A R A A K R F . R AL
PR PRl ZREERE S B R AR DC MR e, X SRR R AR B 585 W AE A BE 76 W Fh Z PR R F2 B R 0 45
SRR MR AE BT R AR b 2l 5 WA ZAEVETR AT 2R ARG T RE th T A E] 5 VR A R S B AivE
FEICE BRI FBAT IR . 39 pH R R A IR SR P S i Fh 20 X 5 Peia 55 HIF 5T 118
pH {EXT 1L E#E ( Fagus longipetiolata ) FRYIFP ZFEVEZ M Y45 /A —3, T I3EmE5R 4 pH MY IR{ETE 5.6—6.8
Z 18] AR FZ B S B AR AR A AR S A B TR SR R F B S R K i R RO,
HZEBEENTIRSR - TR AWM XA 5 3 5 AR L 1 585 K i SZ B K S e R PR
SRR 2 R A AR, NI T EVA (R 8 B RO AR T T VR S R L A AR £ P
o, O BTG R PR SRR A B S, 5 2R FE R AR AR LT S B Rl R R e
HIRFFEAE R —3, AT D 30 s B A MU0 LU S AR AR ARt TR L & 2 5 AR TG SR oy
A SR A BRI R Mo - HEA DT & i = i 2 B R ZREE IR

5 it

TeARJZ B P 2RSS RO E AR [ TR B B B AP AR ROR 2252, AN TR B BERO VR 0 Rh AR RS
ARSI R VRPN é R EP s N RS Zeg vab s AU EY/E B 2 £ i et a0 St RS b (1 7 e - R N L B = SO R L
X 22 RS 3 OR T B RO/ AN TR) Y S A 1 A AR R P O A R B FE I 7R AR R AT
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