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Effects of species and structural diversity in different forest layers on
community growth in broadleaved Korean pine forests in
Changbai Mountain, northeastern China

Liu Jian Liu Qijing Dong Chunchao Shi Kuan Qian Nipeng Sun Zhen
Meng Dechen Li Gangdun
(School of Forestry, Beijing Forestry University, Beijing 100083, China)

Abstract: [Objective] This study aims to reveal the regulatory mechanisms of species diversity and
structural diversity on tree growth in the broadleaved Korean pine forest of Changbai Mountain of
northeastern China and to explore the effects of species diversity and structural diversity on community
structure and growth. [Method] Based on the field survey data of broadleaved Korean pine forest in
Changbai Mountain in 2023, the forest was divided into different canopy layers. Correlation analysis and
path analysis were used to study the relationship between community species diversity, structural diversity,

and community growth indicators, including aboveground biomass, leaf area, basal area at breast height, and
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stand density. [Result] (1) The diameter structure of species in the sample plots mainly presented three
patterns: inverse-J shape, unimodal shape, and bimodal shape. (2) The understory layer exhibited the highest
species diversity (Shannon index = 1.30) and species evenness (Evenness index = 0.90). Correlation analysis
showed that species diversity was significantly positively correlated with aboveground biomass, leaf area,
and basal area at breast height (P < 0.01), with the most pronounced effect observed in the midstory layer.
(3) Path analysis indicated that species diversity significantly promoted community growth through direct
effects, whereas the influence of structural diversity on growth indicators varied significantly among
different canopy layers. [Conelusion] Species diversity and structural diversity in different canopy layers of
the broadleaved Korean pine forest in Changbai Mountain significantly affect community growth and
ecological functions. Higher species diversity and an appropriate level of structural diversity contribute to
the enhancement of aboveground biomass, leaf area, and basal arca at breast height, improving forest
productivity and ecological stability. The findings provide a scientific basis for stratified forest management

and the ecological conservation of broadleaved Korean pine forests, helping to enhance the stability and

sustainability of forest ecosystems.

Key words: broadleaved Korean pine forest; species diversity; structural diversity; forest layers
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Tab. 1 Basic information statistics of tree species in sample plots
A 4798 Bl /em P A% /em g v b AR /m? Wi R/ (m?hm™)

£IKA Pinus koraiensis 5.1~103.2 39.8 300.621 6 12,5259
M Tilia amurensis 5.0~107.0 35.7 208.933 5 8.705 6
RN Acer pseudosieboldianum 5.0~50.5 9.1 21.1070 0.8795
A Acer pictum 5.0 ~ 66.2 16.6 555619 23151
¢ 1Ak Quercus mongolica 52~118.0 523 159.438 8 6.643 3
KMl Fraxinus mandshurica 5.5~96.0 57.1 142.638 2 5.9433
BAB Tilia mandshurica 5.0~94.4 19.3 44.580 2 1.8575
FMi Ulmus japonica 5.0~97.8 24.0 41.505 5 1.729 4
H W Acer tegmentosum 5.1~49.0 10.5 4.950 0 0.2063
YR Acer triflorum 5.4~556 16.6 6.3392 0.264 1
A 418, Acer mandshuricum 5.0~49.5 16.4 6.073 8 0.253 1
1M Maackia amurensis 53~39.8 15.7 3.0724 0.128 0
Z4 Ulmus laciniata 5.0~45.7 12.4 2280 1 0.095 0
FEEM Acer barbinerve 5.0~12.0 6.2 0.468 7 0.0195
W BE Phellodendron amurense 7.9~52.0 28.3 6.2218 0.2592

# 4 Populus ussuriensis 16.2~1222 65.8 13.7450 0.5727
Bk Cerasus maximowiczii 52~22.8 10.2 0.675 8 0.028 2
FIME Betula platyphylla 11.3~53.0 29.0 41293 0.172 1
IKMTERK Sorbus alnifolia 53~19.7 9.7 0.3639 0.0152
\Li#% Populus davidiana 5.0~46.0 9.7 0.498 0 0.020 7
WL3HF Malus baccata 5.1~40.9 13.8 0.6450 0.026 9
T4 Syringa reticulata 50~11.1 7.2 0.136 3 0.005 7
HAREMk Juglans mandshurica 7.7~53.1 29.9 1.243 0 0.051 8
fZ= Rhamnus davurica 6.2~17.3 10.1 0.0302 0.001 3
L HRVER Aralia elata 6.5 6.5 0.003 3 0.000 1
it 5.0~122.2 22.1 10252625 427193
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Tab.2 Composition of tree species in main forest layer
A LS AR /% X W /% HEHH/%
21K Pinus koraiensis 1531 36.76 31.14 30.76
KM Tilia amurensis 944 22.67 21.95 21.73
Sk Quercus mongolica 539 12.94 17.76 1531
FK W41 Fraxinus mandshurica 441 10.59 15.90 13.49
AR Acer pictum 245 5.88 2.95 5.85
Wik Tilia mandshurica 182 437 3.15 455
M Ulmus japonica 121 2.91 4.01 3.90
W BE Phellodendron amurense 41 0.98 0.49 1.09
K& W Populus ussuriensis 34 0.82 1.55 1.03
H#E Betula platyphylla 26 0.62 0.32 0.61
A 44 Acer mandshuricum 14 0.34 0.16 0.38
AT Ulmus laciniata 11 0.26 0.14 0.29
TREMK Acer pseudosieboldianum 9 0.22 0.15 0.26
1%# Maackia amurensi 9 0.22 0.09 0.24
HBERk Juglans mandshurica 8 0.19 0.12 0.23
¥R Acer triflorum 4 0.10 0.07 0.12
T Acer tegmentosum 2 0.05 0.03 0.06
\i#% Populus davidiana 2 0.05 0.03 0.06
W Malus baccata 2 0.05 0.02 0.05
Bt 4165 100 100 100
F3 RHEFTFARRFER
Tab.3 Tree species composition in subcanopy layer
A AL AHXS 2 /% HEXT W I AR /% /%

AW Acer pictum 885 19.47 21.62 19.33
ZLKA Pinus koraiensis 590 12.98 20.07 15.11
TREMK Acer pseudosieboldianum 760 16.72 10.11 13.82
WM Tilia mandshurica 611 13.44 12.58 12.13
A Tilia amurensis 477 10.50 11.09 11.03
IS Acer tegmentosum 249 5.48 291 5.09
FFH Acer trifforum 212 4.66 4.45 5.06
FHMi Ulmus japonica 195 429 4.26 4.44
FI4E Ik Acer mandshuricum 161 3.54 3.60 3.72
1%#R Maackia amurensi 96 2.11 1.73 2.17
Z A% Quercus mongolica 67 1.47 1.68 1.74
KU Fraxinus mandshurica 54 1.19 1.49 1.37
K 5E Phellodendron amurense 45 0.99 1.50 1.36
My Ulmus laciniata 37 0.81 0.63 0.88
EI#E Betula platyphylla 31 0.68 1.04 0.83
Bk Cerasus maximowiczii 26 0.57 0.39 0.65
Wi3HF Malus baccata 14 0.31 0.30 0.37
IKMIAERK Sorbus alnifolia 15 0.33 0.18 0.36
Bk Juglans mandshurica 6 0.13 0.18 0.18
\i#% Populus davidiana 5 0.11 0.11 0.14
5T % Syringa reticulata 4 0.09 0.03 0.09
REM Acer barbinerve 3 0.07 0.02 0.07
2 Rhamnus davurica 1 0.02 0.02 0.03
KFE ¥ Populus ussuriensis 1 0.02 0.02 0.03
Bt 4545 100 100 100
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Tab.4 Tree species composition in understory layer
WA A HART % /% AT BT IR /% HEE/%
Tt Acer pseudosieboldianum 1865 47.42 45.52 40.03
AR Acer pictum 696 17.70 16.91 17.36
TN Acer tegmentosum 242 6.15 6.78 7.39
Wit Tilia mandshurica 252 6.41 7.10 7.31
LML Tilia amurensis 174 4.42 5.13 5.62
FH Ulmus japonica 177 4.50 4.59 5.43
#EEM Acer barbinerve 122 3.10 2.75 3.47
R Ulmus laciniata 74 1.88 1.91 222
A 44k Acer mandshuricum 57 1.45 1.43 1.82
PPk Cerasus maximowiczii 44 1.12 1.24 1.45
F¥ I Acer triflorum 37 0.94 1.29 1.38
5Kk Quercus mongolica 33 0.84 0.89 1.15
1M Maackia amurensi 27 0.69 0.90 1.00
IKMIAEMK Sorbus alnifolia 29 0.74 0.87 1.00
\Li#% Populus davidiana 32 0.81 0.74 0.96
5T % Syringa reticulata 28 0.71 0.63 0.87
LWL3R)F Malus baccata 15 0.38 0.39 0.51
N Pinus koraiensis 14 0.36 0.43 0.48
FK WM Fraxinus mandshurica 8 0.20 0.28 0.29
T EBE Phellodendron amurense 3 0.08 0.12 0.12
S\Z= Rhamnus davurica 2 0.05 0.04 0.07
FABR Juglans mandshurica 1 0.03 0.03 0.04
W RVEAR Aralia elata 1 0.03 0.02 0.03
Mt 3933 100 100 100
*5 AEHRBEHWHIEHSHERBEERKEBRSE ST
Tab. 5 Parameter statistics of species, structural diversity and community growth index in different forest layers
. FEME VIV W
FEAE| YE FEAE| ¥ilE YU ¥iE
Hh AR kg 709.02 ~32492.40 9 556.95 26.57~343021  1053.30 2.15~901.16  145.21
A /m? 2481.10~497839 370401  416.90 ~ 146539 79827  68.91~249.62  145.76
BEVE A= KA
0 s W T A /m 0.15~3.30 1.46 0.01 ~0.65 0.21 0~0.08 0.03
MO B E /i hm ™) 25~ 400 173 25~ 575 193 25~ 550 170
#yFh Shannon F5 1 0~191 111 0~22 1.30 0~2.03 0.89
Il R Yk Simpson 54 0~0.84 0.61 0~0.88 0.68 0~0.86 0.50
YiFh Pielou Fa%L 0~ 1.00 0.88 0~1 0.90 0~ 1.00 0.74
424 v R A 0.02 ~0.54 0.27 0.04 ~ 0.56 0.31 0.01 ~0.39 0.19
o 4t Je RA 0~0.59 0.30 0~0.69 0.34 0~0.51 0.21
TR Ji94% Shannon $5%% 0~2.51 1.75 0~2.77 1.69 0~1.61 1.07
142 Pielou %L 0~0.61 0.41 0~0.82 0.51 0~0.70 0.48

FRIDIC S50 Aot L AT 7K R A o 37 55 A 2 S A L2 R
JZ, HARG AR 2 2500 A sl IE 2570 A, 2o A
SE HIE RN IR L4 RE . (ORI A, FLFE S

AN SR HR o I SEAR R (A2 0 25 R AE AR T2 AR
JRBA A, EIURIE AR, R FIA
JZ AR A AR SR, LA N 22 AR F B AR A
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Fig. 2 Coefficient of variation and Gini coefficient of DBH of various

tree species in large scale sample plots



8 44 A AR A R - LOAR MRS [FI PR = P 5 45 4 22 R R 2 K ) S 71

H021CF 5) 0 UMK JE A8 57t 14 FEE R0 AS 24 50 11 35 it
1 EREIRE, KT EHRAC. KRR E it
GIAT I ZE R IROK, AR R 2 2R B B 38 21 1) 1
1245340 « W42 Shannon 80 7E F 4K = (F1H 1.75)H1
PR JE (KA 1,698 &, AF = (AME 1.07) B35
R (58 5). 1= Shannon &% {H 3 B = 4K Z FIR A Z
oA 2 FEYERGE, A R T B IR B ROR AT A S
PLHI 34k« MR JZ I Shannon $i8 3 4R ki 4%
SN — o IR ZE 4% Pielou 35 5] BE 48 2 (33
B 05D T EMEZECGYE 04D T E Y E
0.48), F B IR JZ i 12 43 A0 55 93547 . FEARZ AR
N ZH Pielou ¥4 2] BEFRHUUIK, /D HORAR AT
TR TR, B A A .
24 HESHRZSELR

ANFIRRZ IR Fh 2 FEVEFR R DL S 5 2 A1t 4
M EAEREZER(P<0.05, % 6). HilA E(AGB.
LA. BA. SD. Vp. GTEEAFRMEZ W ZE R AL .
Ht— D AT Tukey £ WL (GR 7, AEMNKELEY)
FhZ SR ELCH, S Dy J) LR S5 2 FEVEFR S CH
Jp) PARE R R, SO IR ZEEYI M 2 1T
THI 28 It 5 v ) 22 R P AT 5 B
25 AEMEVTHESHEYE . EHSHEESHELEK
AR R

Hh E A ) & (AGBOTE Bt A K 2 1 5 i1 7
(LA, = T AR (BAD #4535 BE(SDD #0H 2 F%
4§ % (Shannon #8 #{ H,. Simpson 8% D). 1%
Z VTR R (Hps Jp) B 2 B E IEAHK(P<0.01), H

xo6 BREMHMENSHERERERTESN

Tab. 6 Analysis of variance in species, structural diversity
and growth indicators of various forest layers

3 H Ji % FHT5 % F P

AGB 2 0.58 0.29 1.38 0.253
LA 2 1.05 0.53 1.56 0.211
BA 2 0.07 0.04 0.15 0.862
SD 2 0.16 0.08 0.32 0.728
Vb 2 0.05 0.02 0.08 0.922
Gp 2 0.46 0.23 0.84 0.431
H, 2 20.63 10.32 49.63 0.001
D, 2 27.54 13.77 102.36 0.001
Ji 2 24.44 12.22 226.63 0.001
Hp 2 2.23 1.12 4.59 0.010
Jb 2 2.82 1.41 5.69 0.004

T AGB. S AW R LA, B THAR; SD. 73 BE; BA. B0
ML V. MRS 2L Gy, WESEE R%G H,. ¥)FShannonig #;
D,. ¥y#Simpsonta £; J,. P Pielouts%L; Hp. 1% Shannontg%L; Jp.
1% Pielouti 4. T,

H, AGB 5 BA M KVEAE FARE . IR EFIR T
JZZWT I . AGB 5 LA SD Ml 1245 5] B (Jp)7E
MR Z ARGV g, FMREIRZ, KT ERAK. )
Tl 2 FEME SR CH,. D)X AGB [ 5200 78 A Z Bt
K, FWZER/AN. AGB 522 5 R 5% M55 e
RBAE FMZE R B EAAKP <0.001), 1 7E KA
JEFIRRR JE WG 3 A G . AN, AGB 5981
SIEEFRE(IDAE EME B AR, HAE XM ZEFR T

x7 TEMNERERRETENSELRER

Tab. 7 Multiple comparison results of variables with significant differences among varied forest layers

BScs Al FER THR R RR P
WTE-XHKE 0.005 8 -0.073 6 0.085 1 0.984
H, EME-RHE 0.285 7 0.209 2 0.3622 0.001
FHRE-HTE 0.279 9 0.2012 0.358 6 0.001
W E-HE 0.006 1 -0.0577 0.069 9 0.972
D, TME-AE 0.3298 0.268 3 0.391 4 0.001
FHRE-HTE 0.323 7 0.260 4 0.387 0.001
WTE-XHKE 0.006 4 —-0.03 4 0.046 8 0.926
Ji EWE-RHE 0.311 0272 1 0.35 0.001
FHRE-HTE 0.304 6 0.264 5 0.344 7 0.001
WTE-XHKE 0.002 2 -0.083 6 0.088 1 0.998
Hy TME-AE 0.094 1 0.016 5 0.1718 0.022
FHRE-HTE 0.0919 0.0154 0.168 5 0.028
W E-HE 0.000 3 -0.089 7 0.090 3 1.000
Jo EMZ-RAZ 0.106 7 0.030 7 0.1827 0.006
EMRE-HTE 0.103 5 0.018 8 0.188 1 0.017
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JEENIERDS, HAM R E AR (P <0.001) .

LA 5950 % FEVEFE B0 CH,» DOTE IR ZE AR
TEFEEZEIEMIXP<0.001). LA 5H& 2R
T2 % (Hp Jp)TE BT A MR Z B35 IEAH DG (P < 0.001).
SR, LA 54235 5 FEFRE (D E EMRE R Z
To A, (AIEM N2 R B3 IEA (P <0.05).
BEAt, LA 5 0w i AL (BATE AT B M2 2 2 B 3%
IEAHIR(P <0.001), HAEJMRE AR S i o, LIk
TR, THERIK. LA 5338 ZE(Gp)#E
PR ZE 2R FMAHK(P<0.05),

BA 5 SD. ¥t Z FEVEFE S (H, . DD UL 1%
ZFEVERR B (Hy Jp)TE IR T35 2 835 TEAH G
(P<0.001). BA 5% 55 I UDTETEHRER
BEAMEG=-0.12, P<0.00D), fEXWNETLEE
O, MEM FEN 28 EFIEMHXG=0.11, P<
0.05). #R4y % FE (SD)5 W Fh 22 A 1t A 46 44 22 B 1
FaBUAE 5 M2 TR A AE B A G (P < 0.001), 5
4% 22 FEVEFR B CH) B AR S MEAE EARZ L IRARJZ AN
MR B KISE IR A 3D,

2.6 MFSEEMEHSHEESEEERKIERNE
Bt

H, %t AGB. BA 1 SD H 22 %W Al 38 35 7F
B E TS, K TFERZ, ERERIK, RHDMZ
FEPERIFR T IX e A KR AR B W35 R R
TEVIRZ, AGBUERUN 0.670 4) BACEZIUN 0.579 2)
A1 SDCE N 0.689 452 F| H, I HHAE FH 4 Loy
AEIE 99.58%- 99.22% K11 99.43%, |84 %% S 51wk B
N, R H, AR R @ BN . TR
FERZEHARTE, H) A4V AE AGB. BA #il SD
oG HE BT 13%, LB M 2 K M i 450 2 4
PE (Gp) X X 8 55 by 1) (] $2 52 e 8/ o R, Hy
Gp X LA [N 35 /8T 0.2, RV FH 2 FEPER

GE KA 22 FE 5 I T AR (R 326 A AR R LD, b H
AR S R0 SEAE MK 2 B3 i (0,188 0), {EL B FERIUM 15 Eb
15 99.04%, (42305 AT LA ZBEAN T 1 Gp 7E EAME
FUARR EXF LA (02 30 4F F 3= 2l Hy i R 52 3%
N7 S B CT) 42 R B2 5 B 23 0l 9 54.69% 1 60.119%),
{HEAR R . G X5 AR K AR AR F 20 53
B AR Z 5 T 1 - fE IR )Z, Gp X AGB(-0.265 3).
BA(—0.407 3)F1 SD(—0.356 8) )3 Bl 4t [ BL$23%
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Fig. 3 Correlations between biomass, leaf area, basal area, community structure diversity and species diversity in different forest layers
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Tab. 8 Path analysis of species diversity and structural diversity on growth indicators across different forest layers

AR & HA & iy BB 1L G A1 R T H RO YA
THE 0.168 1 0.023 0 0 0.191 0
H, A 0.667 6 0.002 9 0 0.670 4
W 0.5519 0.030 7 0 0.582'5
AGB
FEHE 0.149 2 0 0.025 7 0.174 8
Gp WIE -0.254 0 0 -0.0113 —0.265 3
WTFZ 0.182 1 0 0.150 7 0.332 8
FEHE 0.075 7 0.002 5 0 0.078 3
H, UM 0.186 2 0.001 8 0 0.1880
WTFZ 0.078 5 0.003 2 0 0.081 8
A FEHE 0.008 7 0 0.0105 0.019 2
Gp WME -0.158 6 0 -0.003 2 -0.161 8
WTFZ 0.013 9 0 0.021 1 0.035 1
FEHE 0.2182 0.009 1 0 0.227 4
H, UM 0.5747 0.004 4 0 0.579 2
WTFZ 0.3859 0.024 8 0 0.410 6
oA FEHE 0.0386 0 0.030 5 0.069 1
Gp WIE -0.3976 0 -0.009 8 -0.407 3
W 0.163 0 0 0.106 2 0.269 2
FEHE 0.295 1 —-0.0119 0 0.283 2
H, UM 0.685 5 0.0039 0 0.689 4
W 0.368 5 0.018 4 0 0.386 9
5P FEHE —-0.129 5 0 0.0379 -0.091 5
Gp AJZ —0.3452 0 —0.0116 —0.356 8
W 0.099 6 0 0.100 1 0.199 7

AR E RN A= 77 o AR w5 AFRT W T AR 5 s 3
TE PSR BOR 723 18] 5 4 _E s, IEemaER 2
i bl 47.42%, A8 07 BB AR S5 R RE S PE AR b, 0
BT PRI, 4ERpRF IS sh AT 1

XM EE B AL T BRI A, b P E] 5
G, —AFTMESREWRE AP TIRE .
WZ LLLRR PR T, IR E AR T |2 23l e
ARBRFIE (b =, (k2 FEPE AN D Re e [R5, @it
BT 43 TR AL S I iR AT R AR B
3.1.2 MpgHhEAEEL

LN ST AR P 1) i 42 & b 2 B TR, SR B AR
HEvE rh o Ar AR e Y, A BRI IE RV . A 5T
it LLAAAE 5 5 A IR B B BB e 0B PR, (H
BLIE 25 23 A B 4% 2% 45 Ry 3 S o H R e 1 K 3 R e
PECT S AN ST MR IR 0 45 0 B 0O, I e 3
TEAR R BB BB 564 22 57, X 0] g 5 B8 IR A A AR
ORI ] 56 G R 77 %5 D) FH OGBS . -4 Aid i A [F] 1
VR FH S W AN 55 e WL GE e 7 BE T 0 A2 A P

DFREE TN SE i SR TR
3.2 MEEYFHESHEUEMEHSEES EKIERN
X&R
321 REMERELAYTE SHMKEZ
TR, KAR A RN = Wr T AR 9K 3l AGB .
W EIR, TERAME S, KRG AGB 1) 57k 2.3,
i) 7 AT T A RS PR b A 4 ) N A
FRARGE A ) 52 20 M, A 2 FEPE AL mT 3G 9 A 7= g,
JEH RAE TE S R BRI AR R m AR AR 7 ()
B3 JE RECG) 358 KA SHIRA AR5, 527t
BV R, AYMISEUDE AGB iR, &
HAE R R AR JE T, 3550 BE 42 v ml e SR I 55 K
EARBERM TR, AT AGB IR & . AEH
T, & E ST A o3 A AR 3R % RE AT R 23 FH
W, AR K, SRS BOR, YR 2R
PELE MR ZEXT AGB () BLEAR 33 308 e 5, T (E 24k
EH T EBAR. 451 2 FF M (G 1E IR JE XT
AGB I BN R 1, 22 B I I AR AN 35 &) el



74 b = ok X

¥k

47 %

g, JIE R ER A A K (R EMRE, Gp XY
AGB 2 W E E R, R 2ZERET S HENRZ
rrsR A PR W KR 2 G BRI T H R
AGB, 5 Z I & 800 A A 2547 A A 75
322 rtEBREBEE LGS

HHAR (LA S B 5 2 #eE(H s DD LA
W% Z FEE CHp Jp) IEFE R . F56 “Z ARV 0 5T
R R, R HCE RS IR 5K 0 sl
HEERESRMRESF, LA 5SS EUDLEE
FHIGAE, W R B B0 A 26 1 B U5 78 A2 I 3
S FEARAFEANGUR PR RO 6 SR A BUREL
e, 3 5] B R BRI I R A T IR R A e e ER
HUT, R Z Hy X LA () B AR 3 2008 s, AR
ZE5WTFEEZIKEST Gy Bt |y FeAmE A ER .
TR T R EEM S, SR 2RO BT R
MR SR AZ BRI T SR B, S50 5P0F 2 et
N EES S S (v W 8= A
323 MZmamBihsBEEL SHARX R

I8 v R T AR 5 AR 40 R B R AR K EE AR
Friel, S5¥Rh 2 BEME (H . D) RSG5 2 RENE(Hps Jp)
P18 W35 B, R 2 A It i AR A AL A0 R B
TR EL AN TRV 100 v W T AR 5 bk o B . A5 AL
o BB VR AE DR I R B B s ) AR W, 1
S)RIRR o AT AR SR SR, Ak R 2. =
AN T T R PR B A B PR,
WS, BRI, I BT
SYRE TR RSO, @ AR AT ENE T X — U R
Hy 58 i vy W T AR 5 6K 234 B L ARt B0, T G
RN, RIS KA ZE T 25 S MR
TEFMRE, Gp XRS5 BE I B8 B, H I
Hy BB RN R 2 Gp @i Hy [ 3t i &
W AR 5 bk oy 5 BE B K . XSRS i S 28
P P ()l ok 5 4, fRIEREVE AR

25 BT, AN [RIRRZ X8 P 7ol 0 25 4 22 A5 12k 1) e
PiEF EME R REART FEF T, IREXT 28
PEBUR T 0 4500 22 7, MR 2R &) FEFI 2 FF
PEWRE . BB B, FEAREROE FEOR B R AR AR T AR
WyEE, {H T G TR 2B T PR AR 2 AR RS IR B
F= 5 BEAIE P 2540 72 e, 0 B 55 AT KT Zod it
B 1 B ML A 240 50 B RN 22 REE, J KAk B R
R, B Z FENE S R RHIE, nT SR TR AR AR
FE RS R gifa et

4 % ®

AHE TR 1K L LD AS R R TR AR
W Tl 80 2E B S e AT RRALE . W0 2 BRI 3 T R W

MR 2 W7 22 Rk 2 50 B e vt SO BE 22 W)
LA BRI R ORI A A SR IR <7 Y
AL RO Y 3 R, e i HE AN R AR AE BT YR
IREUR 57 4 SRS L1025 53 o Wb 22 ek 25 L il
AR BRI v A T R R R RO R L
RN EZE . ek e RBAERMEREY) R 2 5
AN, s I e A Z5 A AN T mT RN Rl 5 4 T 70, 410
H A RKIRAR VIR T o AL EMZHM TR, 854 2
R 3 A [RL AL 1) 2B A8 A AR IR TR (e BE A
W T REE R A SRR E .

SEART R, AR K L 458 2 X 2R
MAEVE R AR AR S ThRE A B B0 . BF JT 45 R
NI 73 28 A SRR T R KE, A
BT IR TR LS RIS E I 5 Tt

Bl AbmOMOl RS B S R 2R S ST S N AT
FEOLIIR A, WK AL E R B RO D LR AT FUT
JEEF SN TARAR BT

Z % X #t

(1] BB, R, KE, 5. 5 PRI e VAR 2 a5 xt

A7 IR [T]. AR 2R, 2021, 41(5): 2024-2032.
LuJ Y, Wu Z F, Zhang C Y, et al. Influence of forest strate
structure on productivity of coniferous and broad-leaved mixed
forest in Jiaohe, Jilin[J]. Acta Ecologica Sinica, 2021, 41(5):
2024-2032.

(2] RYPF, #300E, YL, &5 Wil @ s AR N A 325 5 5 24

BN 0306 R BRI (7], 2LV 2 BT, 2018, 26(6):
545-553.
Wu C P, Han W J, Jiang B, et al. Relationships between species
richness and biomass/productivity depend on environmental
factors in secondary forests of Dinghai, Zhejiang Province[J].
Biodiversity Science, 2018, 26(6): 545—553.

[3] Ouyang S, Xiang W, Wang X, et al. Significant effects of
biodiversity on forest biomass during the succession of
subtropical forest in south China[J]. Forest Ecology and
Management, 2016, 372: 291-302.

(4] M, TR, M, & BEEYR G 2 RV bkt

AR R R B L RBE AR DL S BCT BRI [J]. 2E
MZFETE, 2017, 25(10): 1054-1064.
Tan S S, Wang R R, Gong X L, et al. Scale dependent effects of
species diversity and structural diversity on aboveground biomass
in a tropical forest on Barro Colorado Island, Panama[J].
Biodiversity Science, 2017, 25(10): 1054—1064.

[5] Lie Z, Lin W, Huang W, et al. Warming changes soil N and P
supplies in model tropical forests[J]. Biology and Fertility of
Soils, 2019, 55(7): 751-763.

[6] Ali A, Lin S L, He J K, et al. Climate and soils determine
aboveground biomass indirectly via species diversity and stand
structural complexity in tropical forests[J]. Forest Ecology and

Management, 2019, 432: 823—831.


https://doi.org/10.17520/biods.2017320
https://doi.org/10.17520/biods.2017320
https://doi.org/10.1016/j.foreco.2016.04.020
https://doi.org/10.1016/j.foreco.2016.04.020
https://doi.org/10.17520/biods.2017155
https://doi.org/10.17520/biods.2017155
https://doi.org/10.17520/biods.2017155
https://doi.org/10.1007/s00374-019-01382-7
https://doi.org/10.1007/s00374-019-01382-7
https://doi.org/10.1016/j.foreco.2018.10.024
https://doi.org/10.1016/j.foreco.2018.10.024

8 44 b4l

(A5 K L ] LA MRS R PR S 5 5 4 22 R R RV 2 K ) S 75

(71

(8]

(9l

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

LaRue E A, Knott J A, Domke G M, et al. Structural diversity as a
reliable and novel predictor for ecosystem productivity[J].
Frontiers in Ecology and the Environment, 2023, 21(1): 33-39.
Ali A, Mattsson E. Individual tree size inequality enhances
aboveground biomass in homegarden agroforestry systems in the
dry zone of Sri Lanka[J]. Science of the Total Environment, 2017,
575: 6-11.

Staudhammer C L, LeMay V M. Introduction and evaluation of
possible indices of stand structural diversity[J]. Canadian Journal
of Forest Research, 2001, 31(7): 1105—-1115.

Lei X, Wang W, Peng C. Relationships between stand growth and
structural diversity in spruce-dominated forests in New
Brunswick, Canada[J]. Canadian Journal of Forest Research,
2009, 39(10): 1835-1847.

LaRue E A, Hardiman B S, Elliott J M, et al. Structural diversity
as a predictor of ecosystem function[J]. Environmental Research
Letters, 2019, 14(11): 114011.

Zhao A, Hu T, Chen X. Multiple-scale spatial analysis of
community structure in a mountainous mixed evergreen-
deciduous broad-leaved forest, Southwest China[J]. Biodiversity
Science, 2009, 17(1): 43.

SR, SEEFH, TREETF, . R L ki b e 0 A AR
K B M BT F AL (D] LD AR MR OK 2 2 R, 2023, 40(5):
1063-1072.

Dou X W, Wu D Y, Zhang X J, et al. Study on the factors
affecting breast-height basal area increment of evergreen broad-
leaved forest in Mount Tianmu[J]. Journal of Zhejiang A& F
University, 2023, 40(5): 1063—1072.

P22, R, AR, . A6 A 2 XA [R5 R e
N AREEVE S5 R AR 22 BRI (0], SRR AR LR 2 2241k, 2017,
38(4): 95-102.

Yao X L, Hao J F, Wu X B, et al. Community structure and
species diversity of Betula luminifera plantation under different
stand densities in Baiyunshan, north Sichuan[J]. Journal of South
China Agricultural University, 2017, 38(4): 95—102.

Koontz M J, North M P, Werner C M, et al. Local forest structure
variability increases resilience to wildfire in dry western U. S.
coniferous forests[J]. Ecology Letters, 2020, 23(3): 483—494.
R, B, AR, S R AT S AR R 2 R S R
PR A AT I Rk J L R 3R [(0). B2 R, 2021,
29(11): 1435-1446.

Zhu J, Wu A C, Zou S, et al. Relationships between tree diversity
and biomass/productivity and their influence factors in a lower
subtropical
Science, 2021, 29(11): 1435—1446.

I, TR, TRDHE, 55, FRACIRA AR G54 547 )
RABIL [I]. AR A2 E R, 2019, 41(5): 48-55.

Wu Z F, Zhang Y Q, Zhang Z H, et al. Study on the relationship

evergreen broad-leaved forest[J]. Biodiversity

between forest structure and productivity of temperate forests in
Northeast China[J]. Journal of Beijing Forestry University, 2019,
41(5): 48-55.

Pak U, Guo Q, Liu Z, et al. Spatial distribution of Pinus

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

271

28]

[29]

koraiensis trees and community-level spatial associations in broad-
leaved Korean pine mixed forests in northeastern China[J]. Plants,
2023, 12(16): 2906.

Yang M, Cai T, Ju C, et al. Evaluating spatial structure of a mixed
broad-leaved/Korean pine forest based on neighborhood
relationships in Mudanfeng National Nature Reserve, China[J].
Journal of Forestry Research, 2019, 30(4): 1375-1381.

IRERVE, RIBHER, BRI, 4. K LR AT B 2
FIRITIE I [J]. B A 25524, 2018, 29(10): 3159-3166.

Xu W Z, Liu Q J, Meng S W, et al. Long-term monitoring of tree
population dynamics of broad-leaved Korean pine forest in
Changbai Mountains, China[J]. Chinese Journal of Applied
Ecology, 2018, 29(10): 3159-3166.

il =, RACERE RE M), dE5T: BHEH AL, 1995.

Fu P Y. Key to Northeast China plants[M]. Beijing: Science
Press, 1995.

HC, I RIE-FE SR ARVT, KR, 45, A& A @ 2Rk 2
K S 5= JISR 2 (7). MRk RL2E, 2024, 60(3): 57-64.
Xiao H, Yeerjiang B K T E H, Zhang C Y, et al. Relationship
between forest layer community structure and productivity of
broad-leaved Korean pine forest in Changbai Mountain[J].
Scientia Silvae Sinicae, 2024, 60(3): 57—64.

Fatunsin O E, Staudhammer C, Hart J, et al. Disentangling the
contributions of ecological conditions to biomass in longleaf pine
forests[J]. Forest Ecology and Management, 2024, 572: 122297.
Li Y, Deng X, Huang Z, et al. Development and evaluation of
models for the relationship between tree height and diameter at
breast height for Chinese-fir plantations in subtropical China[J].
PloS one, 2015, 10(4): e0125118.

Shao G, Schall P, Weishampel J F. Dynamic simulations of mixed
broadleaved-Pinus koraiensis forests in the Changbaishan
Biosphere Reserve of China[J]. Forest Ecology and Management,
1994, 70(1-3): 169-181.

PRIRAE . A 2R AR e [ B e 0 K B R RS T
¢ [D]. dbat: dEaibRll Rz, 2022,

Xu Z Z. Photosynthetic carbon assimilation and carbon use
efficiency of mixed-broadleaved Korean pine forest in Changbai
Mountain[D]. Beijing: Beijing Forestry University, 2022.

FREHE. K20 R Tt EAE YRS [D]. dbat: JLntk
AR, 2018

Meng S W. The aboveground biomass of the main tree species in
Daxing’anling Mountains[D].  Beijing: Beijing Forestry
University, 2018.

NG ZRAGIEH AR AR A R A AR BT TR S M [D]. fR /R
I AR LMol K, 2023

Sun X. Construction and application of biomass equations of
mixed tree species in northeast temperate forests[D]. Harbin:
Northeast Forestry University, 2023.

ZROLJE KB L R LT R MR I AR R BT 9T (D). bRt B
HMOLRE, 2021

Qin L H. Leaf litter decomposition characteristics in the mixed-

broadleaved Korean pine forest in Changbai Mountain[D].


https://doi.org/10.1002/fee.2586
https://doi.org/10.1016/j.scitotenv.2016.10.022
https://doi.org/10.1139/x01-033
https://doi.org/10.1139/x01-033
https://doi.org/10.1139/X09-089
https://doi.org/10.1088/1748-9326/ab49bb
https://doi.org/10.1088/1748-9326/ab49bb
https://doi.org/10.3724/SP.J.1003.2009.08148
https://doi.org/10.3724/SP.J.1003.2009.08148
https://doi.org/10.1111/ele.13447
https://doi.org/10.17520/biods.2021014
https://doi.org/10.17520/biods.2021014
https://doi.org/10.17520/biods.2021014
https://doi.org/10.3390/plants12162906
https://doi.org/10.1007/s11676-019-00899-9
https://doi.org/10.13287/j.1001-9332.201810.004
https://doi.org/10.13287/j.1001-9332.201810.004
https://doi.org/10.13287/j.1001-9332.201810.004
https://doi.org/10.11707/j.1001-7488.LYKX20220438
https://doi.org/10.11707/j.1001-7488.LYKX20220438
https://doi.org/10.1016/j.foreco.2024.122297
https://doi.org/10.1371/journal.pone.0125118
https://doi.org/10.1016/0378-1127(94)90084-1

76 b o4k o K ¥ ¥ 4 B47%
Beijing: Beijing Forestry University, 2021. 342-355.

[(30] RmERAR, MREEW, ¥ih, . = B AR A g v SRR AR 20 [41] Wang L, Ju Y, Ji Y, et al. Estimation of forest above-ground
hm?Zl A AR Fh 2H RS B VA 254 D], R AR A 2R, 2018, biomass in the study area of Greater Khingan ecological station
42(4): 419-429. with integration of airborne LiDAR, Landsat 8 OLI, and
Wen H D, Lin L X, Yang J, et al. Species composition and hyperspectral remote sensing data[J]. Forests, 2024, 15(11): 1861.
community structure of a 20 hm? plot of mid-mountain moist [42] Chen J, Song B, Rudnicki M, et al. Spatial relationship of biomass
evergreen broad-leaved forest on the Mts. Ailaoshan, Yunnan and species distribution in an old-growth Pseudotsuga-tsuga
Province, China[J]. Chinese Journal of Plant Ecology, 2018, forest[J]. Forest Science, 2004, 50(3): 364—375.

42(4): 419-429. [43] Klinger R, Brooks M. Alternative pathways to landscape

[31] Sun J W, Yao F Q, Zhang Z H. Differences of leaf dark transformation: invasive grasses, burn severity and fire frequency
respiration and light inhibition between saplings and mature trees in arid ecosystems[J]. Journal of Ecology, 2017, 105(6):
of Pinus koraiensis and Tilia amurensis[J]. Chinese Journal of 1521-1533.

Applied Ecology, 2019, 30(5): 1454—1468. [44] Ligot G, Balandier P, Courbaud B, et al. Managing understory

[32] Bai X, Brenes-Arguedas T, Ye J, et al. Dynamics of two multi- light to maintain a mixture of species with different shade
stemmed understory shrubs in two temperate forests[J]. PLoS tolerance[J]. Forest Ecology and Management, 2014, 327:
One, 2014, 9(6): €98200. 189-200.

[33] LiY, HelJ, YusS, et al. Spatial structure of the vertical layers in a [45] Wang K, Wang C, Feng X M, et al. Research progress on the
subtropical secondary forest 57 years after clear-cutting[J]. iForest- relationship between biodiversity and ecosystem
Biogeosciences and Forestry, 2019, 12(5): 442—-450. multifunctionality[J]. Acta Ecologica Sinica, 2022, 42(1): 11-23.

[34] Long J, Tang M, Chen G. Influence of strata-specific forest [46] Liu D, Zhou C, He X, et al. The effect of stand density,
structural features on the regeneration of the evergreen broad- biodiversity, and spatial structure on stand basal area increment in
leaved forest in Tianmu Mountain[J]. PLoS One, 2021, 16(2): natural spruce-fir-broadleaf mixed forests[J]. Forests, 2022, 13(2):
€0247339. 162.

[35] Li J. Regeneration and restoration of broad-leaved Korean pine [47] Lemieux J, Cusson M. Effects of habitat-forming species richness,
forests in Lesser Xing’an Mountains of Northeast China[J]. Acta evenness, identity, and abundance on benthic intertidal
Ecologica Sinica, 2003, 23(7): 1268—1277. community establishment and productivity[J]. PloS One, 2014,

[36] Dai L M, Qi L, Wang Q W, et al. Changes in forest structure and 9(10): €109261.
composition on Changbai Mountain in Northeast China[J]. Annals [48] Hordijk I, Maynard D S, Hart S P, et al. Evenness mediates the
of Forest Science, 2011, 68(5): 889—897. global relationship between forest productivity and richness[J].

[37] Zhou G, Liu Q, Xu Z, et al. How can the shade intolerant Korean Journal of Ecology, 2023, 111(6): 1308—1326.
pine survive under dense deciduous canopy?[J]. Forest Ecology [49] Ondei S, Buettel J C, Aandahl R Z, et al. Tree species richness
and Management, 2020, 457: 117735. and evenness affect forest biomass differently across

[38] Pond N C, Froese R E. Interpreting stand structure through biogeographic regions[J]. bioRxiv, 2023: 2023.12. 07.570720.
diameter distributions[J]. Forest Science, 2015, 61(3): 429—437. [50] Collet C, Ningre F, Barbeito I, et al. Response of tree growth and

[39] Zeng P, Zhang W, Li Y, et al. Forest total and component above- species coexistence to density and species evenness in a young
ground biomass (AGB) estimation through C-and L-band forest plantation with two competing species[J]. Annals of
polarimetric SAR data[J]. Forests, 2022, 13(3): 442. Botany, 2014, 113(4): 711-719.

[40] Ishii H T, Tanabe S I, Hiura T. Exploring the relationshOips

among canopy structure, stand productivity, and biodiversity of

temperate forest ecosystems[J]. Forest Science, 2004, 50(3):

( F1x%m4%
FiEmE

& B OF R
Kah)


https://doi.org/10.17521/cjpe.2017.0272
https://doi.org/10.17521/cjpe.2017.0272
https://doi.org/10.1371/journal.pone.0098200
https://doi.org/10.1371/journal.pone.0098200
https://doi.org/10.3832/ifor2975-012
https://doi.org/10.3832/ifor2975-012
https://doi.org/10.3832/ifor2975-012
https://doi.org/10.1371/journal.pone.0247339
https://doi.org/10.1007/s13595-011-0095-x
https://doi.org/10.1007/s13595-011-0095-x
https://doi.org/10.1016/j.foreco.2019.117735
https://doi.org/10.1016/j.foreco.2019.117735
https://doi.org/10.5849/forsci.14-056
https://doi.org/10.3390/f13030442
https://doi.org/10.1093/forestscience/50.3.342
https://doi.org/10.3390/f15111861
https://doi.org/10.1093/forestscience/50.3.364
https://doi.org/10.1111/1365-2745.12863
https://doi.org/10.1016/j.foreco.2014.05.010
https://doi.org/10.1016/j.chnaes.2020.11.008
https://doi.org/10.3390/f13020162
https://doi.org/10.1371/journal.pone.0109261
https://doi.org/10.1111/1365-2745.14098
https://doi.org/10.1093/aob/mct285
https://doi.org/10.1093/aob/mct285

	1 研究区概况与研究方法
	1.1 研究区概况
	1.2 样地设置
	1.3 研究方法
	1.3.1 种群组成
	1.3.2 结构多样性
	1.3.3 林层划分及叶面积、生物量的计算
	1.3.4 数据分析与统计检验


	2 结果与分析
	2.1 各林层乔木树种组成
	2.2 各林层物种多样性
	2.3 结构多样性
	2.3.1 样地胸径结构多样性
	2.3.2 各林层胸径结构多样性

	2.4 方差分析及多重比较
	2.5 不同林层物种多样性、结构多样性与群落生长特征的相关性
	2.6 物种多样性和结构多样性与群落生长指标的通径分析

	3 讨　　论
	3.1 阔叶红松林乔木树种组成及其结构特征
	3.1.1 垂直分布与光照适应
	3.1.2 胸径结构与生态意义

	3.2 林层间物种多样性和结构多样性与生长指标的关系
	3.2.1 不同林层地上生物量与多样性关系
	3.2.2 叶面积与群落多样性的耦合
	3.2.3 胸高断面积和林分密度与多样性关系


	4 结　　论
	参考文献

