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Plant functional traits and functional diversities of different communities
in broad-leaved Korean pine forests in the Changbai Mountain

YAO Xu-yang, HU Yao-sheng, LIU Yan-hong
(College of Forestry of Beijing Forestry University .Key Laboratory for Silviculture and
Conservation of Ministry of Education,Beijing 100083 ,China)

Abstract: [Objective] Vegetation communities in the Changbai Mountain were investigated and plant
functional traits were analyzed to improve the study on functional diversity of forest communities. [Meth-
od) Survey on four communities ( Betula platyphylla , Populus davidiana + Betula platyphylla , Abies
nephrolepi+ Pinus koraiensis, Tilia amurensis + Pinus koraiensis)of Korean pine forests in the Changbai
Mountain was conducted and six functional traits (specific leaf area,leaf thickness,leaf nitrogen.,leaf phos-
phorus,stem nitrogen,and stem phosphorus),topography factor and soil factor were investigated. Species
diversity index (Shannon Wiener index), Walker functional diversity index, Petchry and Gaston index,
Rao’s quadratic entropy index, functional richness index, functional evenness index and functional diver-

gence index of each forest layer and each community were estimated to analyze plant functional diversities.
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[Result) In 100 quadrats (10 m <X 10 m each),differences in plant functional traits were significant, espe-

cially the changes in specific leaf area were as high as 716. 16 %5. Plant functional traits also showed signifi-

cant relation with the environment, for example, leaf thickness and soil moisture were negatively correla-

ted,leaf thickness was positively related to slope,and specific leaf area and slope had a significantly positive

correlation. For the whole community, species diversity index and functional diversity index were closely re-

lated,and functional richness index and Shannon Wiener index showed a significantly negative correlation.

[Conclusion] Relationships between functional diversity index,species diversity and community types were

tightly linked to successional stages. Functional richness decreased with the succession, and the genetic

characteristics of plant and environmental factors also had significant effects on functional diversity index.

Key words: broad-leaved Korean pine;succession stage;functional traits;functional diversity index
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1.2 BEFE

L2.1 #e# N T K A LAY RE TS 2 26
555 DR 2R ) 2 2 B i 22 ML 2012 4E T —8 H Ay
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[l £ 700~1 100 m., 48X} 5 22 280. 3 m. ¥ [l &
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1B s B 1) J23X 4 AP 15 A0 7 1) AR BE 0857 3 4E 5 1M
MRS 10 mX 10 m B 5 B B SROE L 5 X
FETT A AR 1 8 AN HE J7 7 B 3K 14 7 B, Ak T FE b
PGRETT R M BE S A O Hcs IR DL 25 4 A THAR,
MR- (8. U0 B2 Ry TE AR 36 B H AR AT J7 LG
FELRE 7 e o S 2 U B ) FBIRE D 4IRS . 4 R b i) 3
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Table 1 Information of communities in broad-leaved Korean pine forests in the Changbai Mountain
R VAR /m MY BE /m YeEE/ (O ety /() T R 20
Community type Mean elevation Convexity Slope Aspect Dominant species in tree layer
S Mk Quercus mongolica 14 H¢ Betula
e platyphylla , 2 ¥t Tilia amurensis , & H 7%
B 1‘|Z laty phvil 853.97 —1.23 0. 26 208. 8 MHY Larix olgensis, {4 KWl Acer pictum
Jetuta ptatyphyita subsp. mono, ¥ % % Phellodendron amu-
rense
5 468 27 B K ZI /N ‘Pin_u.s /zo;’aiensi.s_‘ . JK o -P?‘a.rinug
. . - mandshurica s ¢ & Tilia amurensis, |1 #¢
Tilia amurensis + 735. 96 —1.83 0. 30 210. 3 PR .
R . Betula platyphylla & A& M #5 Larix ol-
Pinus koraiensis L= 37
gensis , M Salix matsudana
1 HE e A , . : .
Populus davidiana + 902. 90 0. 44 0.65 209. 1 o *%'JW Afg*ffxé”:n;mu;n; IJJh’rﬁ;Z Populus
Betula platyphylla avidiana , e Detula platyphylla
RS ZEAR /N7 N R K Abies nephrolepi, #1. ¥ Pinus ko-
Abies nephrolepi + 1016. 26 —1.05 0. 65 211.4 raiensis {8 = ¥2 Picea jezoensis var. mi-

Pinus koraiensis

crosperma

£ 10 m>X 10 m B[ ERETT N X gFE=>10 cm
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A w e Sk L E Bk, 1A & 8l R
M HCIO,-H, SO, i1 Z-# 86 T b 03k, A i &
i E R HF-HCIO, 36 #-JOEGEEE RIS K
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4.4 e+ § EHmH(FRO e FEEE
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FE.,=2>min(P;,1/S).,

A S AYIFE P, AR ARXT .
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MR DL R AR ST R S Ak X ) g
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A FD,, A0 & 2 5 Yy e R AF 19 T e 43 B 48 482 C
A i TR REARAE AR L Ine SRR AE A B9 B SR
R, A, RS @ T AR RRAE B S B L), N Ok VR
SREEY/RCE o

A ICHEH Walker I fig 2+ 5 45 %L Petchry
Gaston 64 Rao’s R 15 %% . Dy 6e F & FE 5 4k
IREY A1 8 BOM I ey A8 8 6 I REZ FEE 4R
#, 0 FH FDiversity #8445 R 445G WA TR
FETHR B £ i ie 2 AR FE AL

2 gER 550

KEWEAMHIRARBEZNEDIEEREE
NERRE

2 ATHL7E 100 4> 10 m X 10 m WkETy s
TP Dy e PR 09 25 5 e W, Lo T AR L )R
TR SR 1 8 A e R A8 A R R = (e R — e /IMED /
SERED Y ik 716,16 %,511. 76 %, 209. 43 %, I
Wl RIS 280 Bl 9 AR R E 270. 59 %0 ~362.5 %,

2.1

F2 KBEWLEMHIRK 100 NMHFFNEDIEEREETIE
Table 2 Plant functional traits and their changes of 100 quadrats in broad-leaved Korean pine forests

in the Changbai Mountain

T = = 7
Wif Kt Eﬁf,\i R I/ mm l ﬁk/l M 4&%/1 ﬁﬁk/l G ]
Item (m® « kg™") Leaf thickness (g- ke D) (g kg D) (g ke D) (g kg D
Specific leaf area - o Leaf nitrogen Leaf phosphorus  Stem nitrogen  Stem phosphorus
i /IME Min 1.12 0. 04 2.7 0.4 2.2 0.2
I KA Max 55.62 0.91 47.1 6.0 20.6 3.1
(i o 5 ) B
ﬁjﬁiﬁ:{ﬁwit 7.6140.51 0.174+0.01 21.240.05 1.6+0.06 6.8+0.01 0.840.04
Mean+ SE

2 3 AI 1. 100 ASFE 7 1 HUE 5 0 1 L Ak
38 1) A8 A AN DR VA I R R I R ) A Ak i B 4y
B 32% .84, T8 % FI 1 630. 7% ; HHE & T E A
EEFEREIEEEI2. 24 % ~T743.75% .,

) T RE P IR BB 18 2% 00 3 35 A 0 X6 4113 B0 85 1Y)
WERE . N A ATLUE I RS R S KRR
93 BRORH DG o 5 R 1 1 B 1) S W S O A OG5 L i T

RSP Y SR T Y

2.2 AEAMBEXERERENYMESHEREYS
e S H R

2.2.1 ‘At A MBI A IR ST

Xf 4 R v S Y B4 BT AT A M DL B D RE R AR R AT

it .1t %A H.FAD.FD.FDqo.FR..FE..FD, 7 4>

ZRAERR SRR 5,
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Table 3 Topography and soil characteristics and their changes of 100 quadrats in

broad-leaved Korean pine forests in the Changbai Mountain

HiJE Topograghy + B4 Soil characteristics
. A/ EX EX N
Iﬁ [j M T YR o - ° ° %ﬁl‘ *
Item $??KM1 MY B /m WepE/ () e/ (g-kgH  (gekeH (grkeg D HKE/N
ean . .
. Convexity Slope Aspect Total Total Total Moisture
elevation ) :
nitrogen phosphorus potassium
% /ME Min 735.74 —0.04 0. 26 208. 8 0.74 0. 33 13.8 8.19
i K Max 1016.42 18.55 0.65 211.4 3.72 1.52 35. 56 47. 46
AE + bR AEIR 5
ﬁfnlﬁg—éﬁb\?é 877.16+£10.11 1.14%£0.74 0.464+0.12 210.01£0.35 2.1240.055 0.16%£0.06 23.59+1.03 18.68+1.53

F4 KEWLEAMHIRAKEDIIEEREHEMTESENEXRE
Table 4 Correlation coefficients between functional traits,soil characteristics,and topography in

broad-leaved Korean pine forests in the Changbai Mountain

+ i PE Soil characteristics #1JE Topograghy
SRR 2R/ 2%/ AH/ T
Functional traits ki % (gekeD  (grkg D (gekg ) WM/ mo MINE/mo BE/S Wi ta /°
Moisture Total Total Total Mean Convexity Slop Aspect
nitrogen phosphorus  potassium elevation
e FR Specific leafl area  —0. 141 0.414 —0.082 0.272 0.651 0.789 0.978" 0.197
- JEEEE Leaf thickness —0.984" —0. 805 0.611 —0.675 0. 349 —0.514 0.245 0.995" "
% Leaf nitrogen —0.219 0.221 0.164 0.035 0.228 —0. 305 0.412 0. 924
-# Leaf phosphorus —0.219 0.221 0.164 0.035 0. 341 0.717 0. 851 0.124
A Stem nitrogen —0.489 0. 049 —0.518 0. 380 —0.718 —0. 335 —0.232 0.131
s Stem phosphorus —0.573 0. 190 —0. 343 0. 355 —0.311 0.195 0. 325 0.138
% P<C0.05, % x . P<C0.01, % 6,7,8 [,
Note: x . P<C0.05, * % . P<C0. 01. The same for Table 6,7,and 8.
5 KEBLEAHIRKRARHERVEAIREND S HFEEEEMNIESEEER
Table 5 Species diversity index and functional diversity index of each forest layer of communities in
broad-leaved Korean pine forests in the Changbai Mountain
[ .
Community = H FAD FD FDq FRi. FE,. FD,
Forest layers
type
FEARJZ Tree layer 1.82 54,840 3 11. 600 1 0.392 2 1.10 0.51 0.70
I HE A WA JZ Shrub layer 1.15 11.898 4 4.889 9 0.334 9 2.00 0.65 0.79
Betula HAR)Z Herb layer 0.68 0.288 5 0.577 0 0.973 3 0.29 0.47 0.71
platyphylla 1t
ik 4 . 1.98 180. 55 16. 38 0.13 0. 54 0.35 0.59
The whole community
4 T A F*AKRJZ Tree layer 1.16 9. 467 6 5.910 2 0.628 7 0. 29 0.62 0.57
Tilia W AR Shrub layer 1.42 A7.643 4 10. 786 4 0.458 6 0.77 0.26 0.69
amurensist  #AJ2 Herb layer 1.23 34.914 3 22.405 3 0.569 6 0.16 0.63 0.77
Pinus N
o
koraiensis ,ﬁi/émﬁg . 2.13 587.91 54,17 0.27 0. 44 0.46 0.68
The whole community
ek FrAKJZ Tree layer 0. 87 8.050 9 8.050 9 0.503 9 1. 37 0.79 0.71
Populus #EAJZ Shrub layer 1.61 30.929 1 8.8339 0.748 8 0. 89 0.54 0.66
davidiana~+  #3 Herb layer 0.74 26. 405 5 26. 405 5 0.288 7 8. 14 0.11 0.65
Betula
74 e . )
platyphylla The whole community 2.11 340. 06 45. 94 0.12 3.00 0.45 0.46
L KA R b e K JZ Tree layer 1.33 12. 866 7 8.430 7 0.505 2 0. 04 0.67 0.77
Abies #E K2 Shrub layer 1.12 8.461 5 5.537 1 0.350 0 0.01 0.11 0.83
nephrolepi+ A Herb layer 0.57 18.011 2 36.022 4 0.771 6 1. 80 0.17 0.83
Pinus
R BK
koraiensis IRGREAS 1.34 232.19 47.07 0.46 1.10 0.53 0.63

The whole community
W H. F - N5 50 FAD. Walker I GE £ FEPEHE 50 FD. Petchry il Gaston 45 %0 ; FDq. Rao’s — ¥R 4% 45 % ( Botta-Dukat, 2005) ; FR;.. 1)
RE W B B FE . IR SI BEFE B FDy . TRE Jr B8 2. % 6.7.8 A,

Note: H. Shannon-Wiener index; FAD. Functional attribute diversity, resilience, and ecosystem function; FD. Functional diversity based on

dendrograms; FDq. Rao’s quadratic entropy; FR;.. Functional richness index; FE,.. Functional evenness index; FD;,. Functional diver-

gence index. The same for Table 6,7 ,and 8.
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M 2% A BE I5 R R MROZ 1 W Fl 2 6 P
Shannon-Wiener 840 (H) (3 5) K F , W) fh Z HE 4
TETE AR Z R I A FAMEMR > SV A2 LR > St 2T
R4 HE B T R 2 R 5 ME AR > SRR LD A AR > 1 i
R RV A2 L0 b5 B0 A J2 Sy 58 B 20 A8 Ak > # it
MR FIMEAR > B FZ L0 R, X T RE IR &
Yy 22 B VE 48 B I SR 2D M PR > A HE AR = 1 e
VN R A AW /N3 i AR /N W £ 3a R N = B
B RE AR 1% M DX AR B 1 T BB L XoF 12 Ml DA )
Uite W 52 w2 e R Y. XF T 2 BE 2 M MR A
FAD.FD 1l FD,, , 2 X5 8 21 4 bk 08 8 B i » 1 AE
IR s H FAD {85 5 9 b 2 0 P28 fb e 3588 oy —
oo Ab T E R 0 R AR R BV AZ 21 AN AR 1Y
FR,..FE...FDq $& 806 i 17 8 — B0 &b T 45
MMEM ) T e E B (FRO 8 &, TR ¥ &) &
(FE.) F )68 43 B BE (FD,) H 45 A%

2.2.2 A S HMHIBHEE RS HEIE G X
Xt A4 R SRR BT A R M A ) 2 R ) e
ZREPE IR B AT AH OGP AR 36 0B I A A - 40 4 L
(H) 5 FAD.FD,FDq .FR..FE...FD,, 6 1~IIfig £
FEPEE Bt AT o0 b AR L3R 638 7 RISk 8. 4
T A FfE VS A [R]JZ IR ) RE 20 B 1 45 K0 18] R 47 A1
KA LRI 6. 3% 6 L FR 46805 FD
PR B EAM . W R RS
TREZ REVE I8 KOA W A AH SCE o AR [ A v 26 2
MHE R D EBLME FAD #8805 H #8852
WEIEMIE.FDo 5 H 45 805 W3 M5 B HEAR
1 FD 5805 H #8805 B35 IR A5G R A2 L0k
i FRIGEE H 4580 3% O 5C. ARE#& 1
HLY A= W) 22 RE 1k 55 ) RE 22 A PR A SQ A AN TR) B Ik
TR AR S RGP B D) RE LA L X 5 AR T
Ak #9366 B B S L o A AT — R R SRR A

® 6 KBLW4MERBEEANDESFEERENEXE
Table 6 Correlation coefficients among functional diversity indexes in 4 forest communities in the Changbai Mountain
Iiﬁd%fx FAD FD FDq FRi FE,. FDy
FAD 1 0. 306 —0.302 0.277 —0.228 —0.170
FD 0. 306 1 —0.032 0.848" * —0. 326 0.231
FDq —0.302 —0.032 1 0.125 0.498 —0.100
FRi. 0.277 0.848" * 0.125 1 —0.542 0.267
FE.. —0.228 —0. 326 0.498 —0.542 1 —0.042
FD;, —0.170 0.231 —0.100 0.267 —0.042 1

£7 KB4 MHEMKEEER Shannon-Wiener I8 (H) 5Thst S IEHAIE X4

Table 7 Correlation coefficients between Shannon-Wiener index ( H) and functional diversity indexes in

4 forest communities in the Changbai Mountain

FE7% 268 Community type FAD FD FDq FRi. FE.. FD,,
A MEMK Betula platyphylla 0. 821 0.983" —0.852 —0.027 0. 440 0.627
Pty -4
£ Z AN /N (N _ _ a5
Tilia amurensis+ Pinus koraiensis 0. 980 0.921 0.977 0.453 0.357 0. 111

" o
FARERR Populus davidiana 0.823 0.543 —0.196 —0.448 0.127 0.813
Betula platyphylla
EREY AW /N
RIXAZ — . *
Abies nephrolepi + Pinus koraiensis 0.438 0.215 0.797 0.960 0.704 0.630
# 8 KALW 4 MHEMBEEREMKER Shannon-Wiener FH (H) 51 g S B E M HE X
Table 8 Correlation coefficients between Shannon-Wiener index ( H) and functional diversity
indexes of each forest layer in 4 forest communities in the Changbai Mountain
HJZ FAD FD FDq FRic FEy. FDi,

Forest layer
FeAKJZE Tree layer 0.969" 0. 946 —0. 342 —0. 805 0. 859 0.224
# K )2 Shrub layer 0.749 0.797 —0.964" —0.595 0.243 0.994" *
H AR JZ Herb layer 0. 684 0. 056 —0.311 —0. 640 0.988" 0.018
NGRS 0.665" 0. 347 —0. 284 —0.620* 0. 147 0.211

The whole community

oA Fh R MBEIEARRIMRZERE (£ 8. T A)Z
FAD 8%t 5 H #8805 & & A5 AR Z 1 FDg
BEYS H B8R B E T FDIEES H 5

Wi 3 IEA G AR ZE ) FELIEHYS H IR B E
IEAH G s 6 F 4 Fp V& SRR F L BE VS FAD 48
5 HEECR B IEHC FRABHYS H 852
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