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& AREAT P I LD AR R AR AR A D M 25 A 1 K B 7%
HFRSEFINXR

G [ - 2%
BxE' SBAEW HFHL
b stk ok 2 B AL R AR ARG TRERRBE A F O, baT 100083; 2k st Akl k2B 22BE, JE5T 100083

B B 2T LAE MR A LD MO TR R, B T R 2 R AR G5 R XA RS, KB DR 2 -
FERR RS Th PN E IR UR RS . FFURIA 11.76 ho® KAEHD 10 973k AR AE B, @I LR VE I JARERL 4T T
TANIR 2 AR RE I S M AR 5 257 T BRI OGN, TR FH 4 REASE R LA T Wb 2 A R 9 £ # e 2B 77 T B
SRR (D)FELRMER AR oy, Wfh 2 REVE NI SR S0 A 0 R R, JLrh MR SR S e H R B 5 A4 )
TR, BERAM A RIS A7 I BE MK, RERMEE EZENMK. QMELMIT A, BRI 4
DI LR 2 R T B BTSN RETR GER A D0 B T B R 2 BRI BEOR, FERRMR B A B, R R A i S
X (A 7 77 BAT FE R

KUEIA) BERLGH, IR ZAENE, BRARCE 0, KRR SRR

IR W, JEEW, WHE (2017). & MU FE 2L RO AAE DY Fh 2 BEVE RER 5 SR T IR R, WA, 41, 1149-1156. doi:
10.17521/cjpe.2016.0321

Relationships between species diversity or community structure and productivity of
woody-plantsin a broad-leaved K orean pineforest in Jiaohe, Jilin, China
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Abstract

Aims Based on the dataset of a broad-leaved Korean pine forest in Jiaohe, Jilin Province, this research compared
the influences of species diversity and community structure on productivity. We aim to explain the relationship
between diversity and productivity for better forest management.

Methods We used the data of 10 973 woody-plants in a 11.76 hm® large sample plot and analyzed the correla-
tions between 7 different indices of species diversity or community structure and productivity. Structural equation
model was used to compare the effects of species diversity and community structure on productivity.

Important findings The results showed that: (1) Both species diversity and community structure had significant
effects on productivity when they were considered separately in linear regression analysis, i.e. species evenness
was negatively correlated with productivity, the Shannon index of community structure was positively correlated
with productivity and the Gini index was negatively correlated with productivity. (2) In the structural equation
model, when simultaneously considered, community structure had stronger influence on productivity than species
diversity. Our research suggests that, the effects of community structure on productivity are greater than species
diversity and it is important to increase community structure complexity to improve forest productivity during
forest management.

Key words community structure; species diversity; forest productivity; large sample plot; structural equation
model
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ZRME-E IR BT SAE N EE
WP &£ %%, 2003; Naeem et al., 2009). KT
IR A MR L 2B ARAT 55 1K 2E 7 /) (Zhang et al.,
2012; Maire et al., 2013; Pretzsch, 2014; Forrester &
Bauhus, 2016), ¥t 2 FEVERESR & A4 7= J1KF
(Tilman et al., 1996, 2006; Loreau & Hector, 2001;
Hooper et al., 2005; Ruijven & Berendse, 2005). X}
KRR, RSO AN — A R
(Loreau & Hector, 2001). A &AL B AN IR AN
AN TR ) b £ B8 U5 R B A7 AE 22 57 (Tilman et al.,
1997), BE YR (8 BA A0 AL 2EAE F (Bertness &
Leonard, 1997), KUt in¥ft 2 FevEn] IR A RS
ARG ThAE . SATIE SRR A b, 0Fh % REVE AR R
B A E RS B 2R, JEHAE
BALEANIN A R A, AU SRR ZRA R, 1T
BB ZMAEMRREEER . AR AEEE
/IS EN G N W CE =0} NSRS € e oa 675 VA
H AN BIIEHEAS I (Chesson, 2000; Clark, 2010).

MTAEIR, FETR G5 K0 A 7 70 R 52 R S BN T
FI S (Lei et al., 2008; Zhang & Chen, 2015; Dan-
escu et al., 2016). FEFESHIA T WL 7 HFTEIX A
IR /N AR AL, FERTRESR B T AN R 1l a) 1) [
A2, WA]RE H [ B S A E] B AR AR 5 4
7242 (Coomes et al., 2009; Clark, 2010; Morin et al.,
2011; Zhang et al., 2012). TERFIEKF, HAM45H)
H AL ARAE R A TR R o &, e 1
PE A FH 2% (Yachi & Loreau, 2007). [, AT PLIA
B SER A e — TE R b s T DR LE SRR
MBS AN, KRR — A EE
LIRS

18 H BT R B V& S50 5 427 71k R e,
KEZG TR 3 2 B R IEMAHK K R (Lel e al.,
2008; Zhang & Chen, 2015; Danescu et al., 2016), 12
A 55 BRI AR B UAH 5 (Liang et al., 2007,
Long & Shaw, 2010; Ryan et al., 2010; Bourdier et al.,
2016): Lei%(2008) K MAE LA = A2 (Picea sp.) N FE )
AR, BETR G5 A8 S MR R ZE K AFAE IEAH 56 5%
%o Dinescu®s(2016)561UE 1 BV 45 #4748 S 060 4 [ Y
R R R R A KA R HEER . Liang%5(2007)
K ILAE CAPseudotsuga menziesiifl Tsuga heterophylla
NERRE S, SRR RO 5480
KA R 9% R - Long MIShaw (2010) % Bl E Pinus
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ponderosatk, FEI& SR 5477 71 IR A 22 AH
KRR HBHICEER BEEE G 111
SN PE )R 22 #E PR B 5 (Danescu ef al., 2016). %7 L
K&, BEESHEAE= R AT E IR,
LW Fh 22 WP RN T 5 HA 6T A5 7= 752 e R AR 6 R/
FUIEUN], ARAE R B

fi] P £ A MRAE /9 2R ALt X B 2R P R AR 4l S5 2,
XTAERF AR X A8 RGBTy R A EEME. Hrb
FE ARG R 2R, KR AT AR PR ) 4E RN LA
A IR o AT LA ARSI i LR AR R
E TG, AR 3 BT Tk 22 AR PR VR 45 1 A8
XF i AR BR AR = DT I R2 e, AR AEHBIX R IRAR
BE FH AR KR o B 9T 32 BT LR AN )
DWFp 2 FEERBETE S50 —F R B 547 17 1E
FHRRR? HEEWR R EE? 2)WFh 2 FEERREE
SE R AS KT A 77 A B K2

A FIR AN AR, B Se e A A ] U AR
B, DVA =R NAR &, DA 2 ARV
SERIAR oy IR N RBEAS B, BRI BT R 2 A
HFEVE GG AR 77 DI RE o 3 — DR R Ze bk [l )5
ARG tH -5 A8 7= DI A A e s I W b 22 1 MR
W AERE e bR, B A5 R 7 R A, AT LG
B FR 22 R ANV S0 AR P DI E R AR, B
WE 38 X AR 77 T AR RN

1 #rRFnEE

11 WSEER

WFFUREHLEE T-20104E, [HAR11.76 hm® (420 m x
280 m), HhJE T AR R VAT T ROl S G A B R R X
(43.85°—44.08° N, 127.58°-127.85° E), S FK AL
RIS AW VI RSN, J& T3 2= XS I T K
R PEAUEIX . BFFC XT38 C, M HATH
FEIRIE21.7 C, R F1HFEAE-18.6 Co
PR 21696 mm, FEAEPIERE Z=, FEHrp 1k
R — BEER AR L FE b0, i1k
Vi f£495.4-504.1 mZ [8], e KmZEANEE10 m. f8
WRME K HILEYIX &, B RIRET R R AL
PR AT FURE L S 75 31 16 3738 AAE IR, SRJE T
198125 & 36 M o 32 B F% AR B4 A AL 35 2L K2 (Pinus
koraiensis) “5H¥(Tilia amurensis). APk (Juglans
mandshurica)~ 7K HWI(Fraxinus mandshurica) T4
i (Carpinus cordata) AW (Acer pictum subsp.
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mono) 55 ; I B HE A B Fh AL HE B2 Bk AR (Acer barb-
inerve). #5| #(Syringa reticulata subsp. amuren-
sis)~ B (Corylus mandshurica)% .

12 HBAESIHE

LA20 m x 20 miELE/IMFE T ONEURE LT, 12010
SRR A BT A AR =1 e IR AV Fh . i
s s SR AAE A B AT ISR FEEE R R
20154F AT 5 — IR MV o AH 72 DARE Hb 3 i 42
=4 e ESLANWI TN R, JL10 9730k, FJET
14%}20/@31%h, 20104-"F 3145 415.31 cm, 20155
FYIAE916.27 cm.

THEL P TR A AR 7 P 060 v T T AR A 2 G K &
VERFETT AT 10 7 B8 BB A A KA1 Tt U E A,
R AT K e s W T AR S KBk 22, g o B TS
(Danescu et al., 2016), TERAKAFH X i e W T AR 1
K2 {EBox-Cox 5 #:(Box & Cox, 1964),

20124 F i 2 20 BT A (WinSCANOPY, Quebec,
Canada)fEREAN /MR HO FE 1.5 mAbF3R—
ik 2 BROR B A, %R ) WinSCANOPY #1 XLSe-
anopy X IR HEAT A0 EE, 19 B TR E, Ron
AINEETTBIOGREER S o [F AR AR AN MR T o 20—
50 cmAbRAES500 gL IgERE AL, T SEEE = A E A
AT, A, AR EAE. A AR
B ApHE L8N BN T7 1) LI B . %
FEBINHETE AL 1 SR o % B UIAE G, v M vy b
A B . FEHUBONFIH, M 22 R A= s
WFEAMEE S, ST IR S k.

1.3 HFHZHMHMEEENTRITE

THHEYMEFE., FRIGBNS SRR

RL R AR RS B gR

Table1l The statistical information of basic variables in the sampling plot

FEHL IR 2 REE RS DL VR 454028 S ) BR
AR A AR R BRI 38 S FE AR, BARIT R R )
WAL e ARG R 73 5520, SRt REANFE T A H
PRI AR S5 R DA SRS N AR, He iR
RIGHFNL S EFR B A, FMRSEHECS
BB R AT AR R REVE S A e, R SR
ANANF RN A ] AN 23 BiE (1432 5 1 (Dénescu. et
al., 2016). 74b, THEMAA R RE. WEEE &
RSB, B R RBEE T G/
PR, MO R B RO . Bk e REER R
A% 3 A i 25 4 %6 21 S IR L O REE, - FL AR K AR ]
BRAME SRS . B4R B AR
k2.
1.4 [EVIEBIHE

HEAT B0 M7 AT, FZ-score J5 i ) AR AR ik
ATARAEA AR TR o 1) R A 48 i (1 o 7 A% B A A B
PR L PE PR, SPIRINR
141 ZBEHEMEE

% B LA 1 2 5 M AR A 8 X AR R ) A
AT EE 7o I J7 ZE R 5L 5 (VI s B 2% 68 1) 1)
ZE LA E, MR LUEZL, VIF < 108 A FolA)
A % BEILLE P (Fox & Monette, 1992; Fox, 2008).
WEZs R BoR, AW AR EVIFS/NT10, %
A2 EILENE
142 fRBEIMEE

ey [l R AR S AT S

ABAI = by + b xENV +byxBAD + byxDiversity + &
KA ABACHFE T A 7211, ENV RN AR &, 45
MOETFiE B, H3Eaes. . &8, 3%E. &

A5 Variables JuFl Range “F35{E Mean br#fEfmZ Standard deviation
JI6g v T IR AE 2 48K Annuial growth of basal area (cm*+a ™) 76.53-543.60 272.22 83.62
MEFFFEE Canopy openness 1.12-3.99 1.87 0.38
434 % Soil total nitrogen (g-kg ") 0.65-1.60 0.95 0.16
+4% 4% Soil total phosphorus (g-kg ") 0.33-1.09 0.79 0.12
+43 441 Soil total potassium (g-kg ™) 20.40-20.90 20.70 0.01
453 2% Soil available nitrogen (mg-kg ") 29.93-68.81 53.65 8.48
3558 8% Soil available phosphorus (mg-kg ") 0.09-22.01 11.94 5.59
355528 Soil available potassium (mg-kg ') 206.80-236.20 226.30 5.74
+ AP Soil organic carbon (%) 5.51-13.33 9.64 1.60
+3EpHA Soil pH value 4.38-5.32 4.88 0.25
Jig 25 W T AL 25 - Basal area density (cm” m™) 9.73-46.31 27.97 5.96
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w2 FNZ R S R S A R

Table2 The formulas and results of species diversity and community structure of woody plants in the studied forest

F8%L Index 5430 Formula F¥H Mean value G Range
YR 2 FEE YFhEEE Species richness S =Ns 8.34 4-15
Species di it
pecies diversity MR o 8% %, " 1.81 1.18-2.55
i i Hs=-) —LxIn| —*
Species Shannon index S ; N ( N]
WF5 51 Species evenness Es = Hs/In (Ns) 0.87 0.65-0.97
TR S M7 S AR E i, n, 2.77 2.24-3.11
Variation of DBH Shannon index Hd = _ZW x In N
community structure a
i 1%34%1% DBH evenness Es = Hd/In(Nd) 0.94 0.70-1.11
A 7 S A T 5 71.36 44.14-112.70
2
Coefficient of DBH variation W(DBH:( -1
VarD=100% x ~+————
u
ffedt e 2% v 0.39 0.24-0.51
DBH Gini index 2(2x k=N-1) x ba,
GiniD =42
Z( N—-1) x ba,

k=2

bay B 77 R ANTT SR RRI = BT AR, DBH,, #77 WEKANAMERIIARAE; n, FEO7 PSRRI NMERG N, BT 8 MRS Ns, FEITAY)
TBEG n, FEIT W IRSEL T I NMAEG Na, BT AR GUREG 1 RETT R ITA AR AR T S

bay is the basal area of the kth individual which was ranked according to the ascending order of diameter values; DBH;is the diameter at breast height (DBH) of
the kth individual; #; is the individual number of the ith species; N is the total number of individuals in a subplot; N is the total number of species in a subplot; 7;
is the individual number of the jth diameter class; Nd is the total number of the diameter class; u is the mean value of all diameters in a subplot.

RO A, AHUR. pHIE, BADJyM & A3
B RE, Diversity NPT Z AP B IE 25 TR EL, by
INERBETH, by by byNAHNLRERE AR B REL, eFnH
PR ZE 7AW Fh 22 FEPE OB I8 45 40 A8 S PR 5000y
IR EERERL T 54 7= F A et
1.4.3 REEN

Xt F AL & A FHRE 7T AR, S5 I 3Z A [
VA E WS TR MR R . TR IUE R
¥ (adjusted R*)FIAICA &2 & 1 N (Akaike informa-
tion criterion) | WA BLOLFEE, WL LU A Fh 2 %
VERIBEIE S5 5 7= SR oGk . AR, e 52k
77 77 55 R AR SR (R0l 22 5 R R RE V8 25 40 A8 S 4R 4L
FH SR 2 54 5 FEASE A
15 i TEERImE

LR 2 R RO TE S A0 A 77 T (AR
TEFR/N, B TR B 22 8 M R 25 40 28 S [F)
I R A 72 T I SR 5 FEAR A . AR £ b e DI %
R, R TTRERER R AE LR T YRR 2 R R
SERAR VR R, T LB R T PR AR R A e B T
U RS A S E AR, DA Al 2 R
RNV SR IR0 . TP R PR R 2,
T Ll AR AR P (R B B A AH DG IR R R 7
ISR 5 B AR AR AL R AL, s BROR AN R &
XA 2 T AR F R/, AT e 22 5
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FEESEMI 547 IR R
2 #HR

I M e 2 R R VR S5 4 5 A 77 ) 2 T
(1) 2 70 [ A B (60, 5 1 BRBE R F1 BADVE R it Bk
e, T ANEFRECT A= e . 4R R,
W Rl 22 BE VR RVRE VR 25 W S k2R e A 3 R
(#£3). TNZHEVESRAR T, DM S B MR AR
RN A2 T JE R BOAE AR Y o b 2R g A DR B
(R3), MPFEEE. WFERIEE. BEY5E
F 427 S B A 72 1A B R R (R R
HlH).

VIR S E S = I A BE M A KK R
(r=-0.211, p = 0.028), EP4Hh a4 A5 BL#kAN 5]
AR . RS RIS S T RA RERIE
I £ (r = 0.400, p = 0.001), fiEHtfe £E 54
P EA REAMKK A =-0.337, p<0.001), 1
F HANRAE A [F A5 G 1) 43 e B 35 &) B A 7= 73 K7
T o

Wk Z HEE I3 R AR, RABSE RS
AP B BERAR S, DRk F Y 50 R FR R
RUF RN, BHEEWZ R fabrd, e R
HE RIS A= B B . EhBR I,
I 2 (] VA R R O R e R A AR FE 2 (adjusted
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=3 HAEPRBMRNZ AL RAZ L
Table 3 The correlation coefficient between the examined variables and
forest productivity using different models

R R flitt{H Estimate
Explanatory variables 4y g % b i1 BEE L5 T

Species diversity model Community structural
variation model

A B
0211 - -

TP SR
SpCCiCS evenness
R E R A5 - 0400 -

DBH Shannon index

e YEE ) - - 0337
DBH Gini index

i 7 T T AR 0.914™ 0.756"" 0.964™"
Basal area density

W TR T 0289 0.275™ 0.298""
Canopy openness

MU 0517 0.221" 0.293""
Soil organic carbon

G 0.991"" 0.193" 0.241"
Available potassium

EAE 0413 - _
Available nitrogen

pH -0.520"™" - -
T - 0413 -
Available phosphorus

e -
Total phosphorus
TR YE RAL
Adjusted R
AICTH, AIC value 1 080.385 1074.56 1 090.52

REVE G5 TSR A . BRSNS . AR PR B R RS R
FRIIR AR, BRI iR JE RS A R B MK AICERIRR
5 B BAEN; DBHFE RWARIZE . ***, p <0.001; **,0.001< p < 0.01; *,
0.01<p <0.05; ns, p > 0.05,

Community structural variation model includes two independent models, A
and B, in model A, the DBH Shannon index is significantly correlated with
productivity, in model B, the DBH Gini index is significantly correlated with
productivity. AIC represents the Akaike information criterion; DBH repre-
sents the tree diameter at breast height. ***, p <0.001; **, 0.001< p < 0.01;
*,0.01<p <0.05; ns, p > 0.05.

—0.244" -

34.67% 35.95% 31.93%

R = 35.95%) T3 )& R ¥ (adjusted R* = 31.93%),
MAICHH & RAGE(AIC = 1 074.56) B E K THE R
H(AIC = 1 090.52), [Fbis FH A A& fa SRRV 46
PR S

DA S FEFR BRI PR Z 6 E, DA A Ak 4
HACRBER LA S, W RREE T AR . R R
Z R, GRS GRS, WO IR
RS RS, SR RE DT

RER SR e X AR )16 B, AT R AL
S AR F K /N R10.329, T 40 22 B 1 36 267 3 1)
SR R (12 R BUON-0.158) . [AIR, 2E7= k%
FIIAIE(F BRI A TS A B DL R
FORR 3 P 1) 2 25 2, AE KN 43 331l 250,694 Al
0.773. WA RR, £ [FI % S Fh 2 AR
Ve SERAR SR AR R D IR A ), BV 45 R R (AR

FAEER T 2 1
3 i

WEFL T S i b A 2 R R S K A S
AP Z AR, 4 17 AS [E] 48 bR
AR IR, IR T 5 AR s IR G
ZAENERNTE IR S50 78 S A8 b, 3E T 30 I 25 4 7 R A
B, BOIE T WPk 2 R VR AR U 45 R A 72 T IR AR NS
PERIR/IN o 5 R 1) 709375 FE W Fh 22 REVE AT RE VR
SEtfE R, —F A ) B B 2)[FE
IS 2% &M 22 R R AR S5 ) B BE R I, V& 45 A
X AR 0 B S

5 UMEEEZ YA Z AR T FTE BT A
5], AHIEFEE 0T T BER SS M I RE IR, R I VR
SERRT R IV . BE AN, BRI 451
S 7 B A I 5 O RE LA R ARk A 7 S
FLReNS B3 R WA R NME KT 458 B3R L, [
N ) 422 S WA T B 45 A (B 1) b 284k, B & R
MELTEAFRG . ANEKRZ, N7 &2 mE
=1 (Fahey et al., 2015). {EHBGLIIIFCH, B 456
JZ g R R HE SR SOR A fr) B B R 7 ™ S (Parker et
al., 2004; Christopherm et al., 2010; Hardiman et al.,
2013). BAKI S, REESG SRS, (EAH R B
AT, MY AT LU I 56 2 A B MR ACEE 22 FR DG RE,
FHEL TG540 B — R B s A R . 1E
SRR AR P )79k RIK B — MH ERE FPIRES 5,
A2 77 2 ek J2 18] B AR 3G 22 1T 5 b (Hardiman er al.,
2011, 2013). [AII, S50 SR HIREE 5 57 A
JUPESCIREE, (A5 B L) P A B e ELR
W% (Valladares & Niinemets, 2008), {3t | F#E
A2 F B BTk (Parker et al., 2002). XF T FATIHF
KSR, RS EAEE R ES5 1,
ZLRATRIHETR (B8 7 J] 1) 2 TR B < iiE™ (Pretzsch,
2014), 1EAZLRR A R B RE v rhe @ aE ) A,
FHARANMA H L3845 58 2 B0 BRI AR A bR, (et
XTI TR . Sz, AEIRNIAME B A R e
PRI TR SR, HEREAIIG I VA 45 5438 7 A7 B T8 2
AR IR T K, M, St B — R A
R/NFRIE, S8 H AN, FRAR T A A B AME
H, ToiEA et = ).

TEHAR RS S50 54277 1k RIWE LT, Liang
(007 KK S5 (A FRIBE) 5 M4 K

doi: 10.17521/cjpe.2016.0321

©U 00000 Chinese Journal of Plant Ecology



1154  FEPAEZS 4, Chinese Journal of Plant Ecology 2017, 41 (11): 1149-1156

HRBE R
Available Available
phosphorus potassium

Ak MRIETT el BE
Soil organic Canopy
carbon

|
I
|
|
|
|
|
|
|
!
I

¥

|
|
|
|
|
openness |
|
|
|
|
|
|

Basal area density

¥
RS = —0.485%%* YR SR

> ‘vrari?tion of Environments » Species < — :
community structure diversity I
T I
*0.694*** ! :
I

I
0.329%** ] e —_0;1§8_____: :
1 Productivity :
0385+ 0.004 |
I
I
0.773%** :
I
I
MowsWrmAeE | _______________________|

—> BF W2 Significant path

> B2 4% Non-significant path

EL Wfh 2 REVE AR G5 K0S A 0 A R AR I B rh SRR RORE TR AR 2, IR R TR AR AN 35 . %%, p < 0.001.

Fig. 1 The impact paths of species diversity and community structure on productivity. Solid line indicates significant path, while

dashed line indicates insignificant path. ***, p <0.001.

DAK VA TR S AAAH RO R, MAET R S HEIE 451
FIEAARR R, (HULTU 7T AR 172 104 1 A K AR
Ak, DRLIG 1O A 1A) 662 300 B 2 A 4 M ) 1) Bl ot T e
et o Kuehne(2015)i i N [ 5 5 1 SR AR A
T FLAG AN R 2 1R 45 44 S Jo Pk (11 A 485 4 78 S
BhR), KIUEEIE A MO0 R = Sy sema -+ e . ik
4b, RyanZ5(2010) 1t A& 345 1) 5 o 14 = (A2 0 AT AS
150 ) IR V& AH LU 25 0 35 5 I B V& A2 7 5~ 21 B AR
T 214% . &L B85 R 5 AR A — SO IR
B Re R BN ER, G2 MR
Ui FH A [7) (1) 22 B 14 4 Bl 2 AN [F)) B 2 A i
W77 32 (BE 4o 4 b s 30 5 AN ] )(Danescu et al,
2016), A AR RN ARG A S )22 RIEK: —T7
T, BELES R BB O, B REVE S0 5,
RTS8, ECBIERIH L AN 58, X
A7 TR A T T o, A AR S AL LA SN B A
% R BUY SR i U (Reich et al., 2012; Zhang et
al., 2012; Zhang & Chen, 2015); 75— J51f, HEVELE
ISP IR RN REIE SR AL %, MR
24K 22 BT R AT B AR, i e 2 AR R
BICREI A RE ML A K AT T IR T e, RA
MR R R — e B N B R, e R A

www.plant-ecology.com

) 22 5 36 J PR e S P 55 A RE A 78 4048 80R) AT
e 3k A 77 Jj(Parker et al., 2002; Valladares & Ni-
inemets, 2008).

KTVIMZHMES AT IR R, BIRAH I
33 75K ZHOW S (BRI Bl 2 46 10 2 a3k A2 77 7))
(B4 H%E, 2003; Forrester & Bauhus, 2016)/A—%{
& R, (R KA LLRIC T Wphh 2 FEvE A AE 72 77 9%
FITREL G0 L UE B FR 2 K AN B 56 26 40— b i
BRI T B 1) 2R -2E 72 1R R o ARBFTTIA
9, TV A K 32 B BT b R 5 S V& b SR RS2
AT S5 R0 S I T BV AE KPS A A e L4544 1)
A, AT UAE— R T RN AR BT IR 2
R 2 S, DRI SE R M S R T 2 R 2 AR R IR
R AR S AL B AN A J1 R

4 g

TE 7 ARG ] LD AR, WP 2 AR S 2R
TIRZMR, RS Ar R IEMR, B
XA ITRIE A RR A PE R 5, X BT
BN T TR SR SR I R VE RS U TN DG RE (R il R AT
FITTSZI A7 . DRI, FERRAR G B 8 B,
S INARMAE Vi S A AL S AT R I AR 7 S O B
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HEWH K& EHL X (2017YFC0504104) 4=
K B RFFEA(31670643).

QL)) F\%‘Lgfjtﬁ:ﬁiﬂkkiﬁﬁ}&*ﬁfﬁrfﬁﬁﬁ—\ﬂfﬁfﬁ
BB AL 38 AT LA P T g A Bh, Bt B F
it TS HALAR 45 F 0 W 2.

SE R
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