5508 £ 6 B H =~ ¥ # Vol.28,No. 6
2008 4E 6 H ACTA ECOLOGICA SINICA Jun. ,2008

BB F F e £ S E R X E Y B A =

%Q}i91$’§=*9§|§ j‘lﬁaﬁi‘:\‘i‘ﬁ
(BEFEIRIE RS APl pe  BRA % 710062)

E O HIT A AR R A BRI, R LR R DK 60 BB T E A R B, R 17 M IRIRERZE
TEYIRETE H2S AL B | T A0 T SRR s R RN 387 B 43 AT ( TWINSPAN ) Rl 43 T3 X R = B B XA A B 9 26 2 5 ) T
Ti] $EFE 5 (forward selection) 2 Monte Carlo #;36 % 7 [FI{8 B iy BOE My B35 Yy R4 SR Wi B3 (p <0. 05) FYSRIR I F JEAT I 5 Al
FAZ S SIEXT BT (DCCA) HEFF J7 35 40T A R E = B BAE Y BV 43 48 R S PRI Y R 7R 5 A1) AR BT X 2 434 (partial CCA)
SERA B 2 A HAZEEANERER BTSRRI, SRR (1) DEARR WEYFERT RIS 13 M8, 405]
BT 4 NMRFEREEBE; (2) MRS B E B ENARE TR LIRS BN A, NEE S BB EE T
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Abstract; This paper explores the relationships between environmental factors and vegetation patterns. In 60 plots in the
Malan Forest Region of Loess Plateau, 17 variables were used as indicators of spatial position, soil characteristics and
topography. Plant community types in different successional stages in this region were analyzed by TWINSPAN.
Environmental factors which have significant influence on the composition of plant communities in different successional
stages were selected by forward selection and Monte Carlo tests. The relationship between the distribution pattern of plant
communities in different succession stages and environmental factors was identified by DCCA. The influence of

environmental and spatial variables and their interaction on the variation of community distribution patterns was
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quantitatively separated by Partial CCA. The results showed that: (1) The plant communities in this region can be divided
into 13 types, and include four different successional stages. (2) Salt content and alkali-hydrolyzable nitrogen are the
significant factors related to plant community distribution at early stages of succession. Elevation and humus are the
significant factors in the transitional stage; elevation, slope aspect, forest floor, humus and pH are the significant factors for
the sub-climax stage, while elevation, slope aspect, pH and available phosphorus are the significant factors for the climax
stage. (3)The ecological characters and the distribution patterns of plant communities in different successional stages are
consistent with environmental gradients. (4 ) As succession proceeds, the impact of environmental conditions on plant
communities increases, while the total influence of spatial location, and the interaction between spatial and environmental

factors decreases.

Key Words: Loess Plateau ;plant community ; explained variable ; proxy variable ; DCCA
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T— AR EERE, BE5 705 P 2SI 358 28 B 5l K 32 B A8 F XA W8 V& RE X B R B R /D 5 i el e PR A
1 Monte Carlo KB REFFVEH TURINEZ R, EARZIFERZ PR B A BE LR R EWE N B E N EHE
£ ASGRE DL E BRI DR R B, B AT LT AR . OB R
SR ERERXRT AR RN FHEZHITF? QAREEHBIET , F A HYREI R RER
EWERMEFERE? QREHETFRESHNEERERAEZK? OFNHEFNAFREE W B WEES RS
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m, RPG LT 40 km , BFILK L 43 km B —AE 25° 44, KR SRR LS E R, BRFIK R, AXH
TEF SRR BT NAE L, LEHE S0 em 24, SHEHR, IR RE i, 38R, pHE7 ~9;57%
WEM A KRR T B EA— KT LEONIRIE MR 2, BIEUAT, L EEHE, RXWSBERF SR
JBBRIET 2 RIEH X, SRR 27C, Bm R RIE -28C,1 A FHRE -7C, =20CEHR3 134C, L
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BT HUE R HIEE IR E R 2, I KBS SN, A X RIS R B B S 2, A IR AL
Z Mk ( Quercus liaotungensis ) K .l ( Pinus tabulaeformis ) AR JHAS + I RAERIRASHR , A DB W 4 1145 ( Populus
davidiana ) #k, AL #E( Betula platyphylla) $k R — 38 SITARBHIRBIAR AN TG, ERAEMFE TR
(Acer davidii) 252, (A. ginnala) \BEB4 ( Carpinus turczaninowii) , H 7 L #5 ( Crataegus kansuensis ) 1%
( Toxicodendron vernicifluum) % ,
2 HEREERESW
2.1 BEAE

TEXT AR XA PR R BEA T R 5 A B b, R R AR R R B B, I B 45 D ERAREE
M ,S ATEARREHA 10 PNEARHIE 60 NMEMHETHE ., B IFMEHPERE 1 4~20 m x20 m B 1HE
FEARMY), BTG PRES 4 m x4 m f5 41 mx1 m F/MES EEEARMEAEY) ; B EARR B3
BS54 4m x4m fS A I x Lm H 7 AEEARMEAEY); BN EARM P RE S A 1o x lm HTAEER;
WWRME, WEMKEE BE. . SE ANEE B KT & RS RRT. FNCRFERNESE.
YRR R e IO R R R B RR B SRR . 728 20 m x20 m BT H YA A A
B E] &4 30 om W9 158, ARG MEARMEARRE S H&E 1430 em B 135%, i Hydra 8K 53/ 88 534X
g3 A R EA 10 em 4bsK 5y Fhor K A3ERE ;B0 ~30 cm Y138, FFEE MM IR S 3 B 21K
FERT, WE pH EH AV 2A AR R H B
2.2 BRALEITE

HREFEPEYHWEERE, IR AT

1, - A AU A

Wi = ISR RIS ¢ BRTE) 0

Z B DI AR WA IR, T R EEE A BN T 5% KRR, (R B EA
INT 5% BIYITE BB YIREE I [ YIFp x BEH ] 17 o0 B BLAELAE MG s PR R 160 S0 3R IR BE 3 1] L 3o | 13
BE . EKE SHE MEEERE G ZEEE oH E. A VUR .28 SRR R A,
[FR5E < HEM ] s oo BEFE s BRI B RSB S , B I8 x ML ], .o A2 B4R, F THEBE-IR X R
HIZ TR AT . TR EENT, 2% F 22 gk vk, HEUEm R, 2R F BT % 2R3 R {E
Bb, 4 T, B3 4 IRME 1 ~3,

2.3 HEWSWHE

P R a3 s b 2347 77k ( TWINSPAN) X R #E4T 4328, Rl 40 i 2o X B Y Reds 268 . RAI) 2 A
) DCCA Jrk M Hr& AT HT , U RE 2 i R SR E FHX R, DCCA HiF HE T WA KIEAES
BEEE (FRBEBERE) BRI, (AR Hidt DCCA 1 DCA HEFFHEME, A F AT E BT ER TR HERE" .

TUARAE BRSPS B R UG S AR B0 B 3R B &, 72 A “ SIS R A R e
H AR A 5 B X YRR AR R 4 e, O TR IR BN, a0 &kt E —HRET R
(proxy variable) BEAT4347T , [E] s} B F Monte Carlo £ Zu i I (R3S B FHE YR HBEBFESITEN LB
ZErRRRR Y,

155 F 3B X N4 (CCA) AR R S43E X B 4347 ( partial CCA, pCCA) SR 4MES ATk i iR AR 8 7 | iR W ¥
HERRERTT BT REEL T RR R T E RO, BB TERETERE
MBEFED . T HEFEAEERTNEREGH S SERBAEYRIENES, I DCA 1 DCCA HHRHE
{H , 7 Monte Carlo #% DCCA HEFFH S5 — B A1 BrA B B354

RS ek e, WA 38 A F 4  8E FY TWINSPAN 2. 3 3R 44-60,52 B ; B ] #64% ¥% . DCCA , pCCA HEJF Al
Monte Carlo #:36% F Ter Braak gl ) CANOCO 4.5 344328,
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3 GR54H
3.1 EYBERENR S

FI R XX 48 A B 4347 58k (TWINSPAN) Xl ol W e v 2681, IR S B4 RILE 1, &t 6 R4, %
XIS RS BRI A 13 AN 2E, 2 R LRI XHZ X B8 RIS ™ X 13 NRES R 4 26, RER
[F BB, ERTIHAR BT SLE (Aremisia argyi) B9% (1) JBOMEE ( Elymus dahuricus) B9 (11 ) #1
B K (Rosa hugonis ) FE ¥ (XIT) 5 36 B i I B B B BE 7% & RIAR (Robinia pseudocacia) R (11, IV) | L A7 Ak
(V) AR (VD) s R T IRR B B BETE A AR AR (VD) ST IRASAR (VD) , H VIR VIR 3E T A THRvE
BT AAAK ;s BB TR B B T R (IX L XL XL XD o RIS S S EFAMER I 45 3 LB 5 o

46 4 26 31 28 1 10 21 7 11 3 54 50
47 3 27 32 29 2 13 24 a4 15 9 36 3]
48 12 42 34 3 17 40 16 57 52
AN IR S| 7
55
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35

36

37

a1
Xl Xl Xl X 1X Vil Vi VI v v 1 1l I

B 1 60 FEHA) TWINSPAN 432K E
Fig 1 The diagram of 60 spans with TWINSPAN classification

F1 RERFIFEREHREWE ERMIHTEEES #7150 Monte Carlo 1%

Table 1 Forward selection analysis and Monte Carlo test of environment factors which impact on community types in different successions

EE BB Uccession stage

AT FHATE BB T TRER BB TR BB
Environment factor Preliminary stage Transitional stage Sub-climax stage Climax stage

p-value R-value p-value R-value p-value R-value p-value R-value
¥#54K Elevation ( Elev) — 0.002 ** 0.45 0.016* 0.07 0.028* 0.06
3 & Slop (slop) - 0.154 0.248 0.318
3 5] Slop aspect ( Expo) - - 0.016* 0.07 0.010°** 0.08
Y {iz Slop position ( Posi) - 0.286 0.214 0.190
+ 3 Soil temperature (T) — 0.372 0.312 1.000
47k B Water content (SW) 0. 060 0.312 0.506 0.238
4 £h5 Salt content (salt) 0.002 ** 0.23 1.000 1.000 0.092
&Y B Forest floor (D) — 0.254 0.032° 0.11 0.386
B F R Humus (H) - 0.002°* 0.22 0.002°* 0.13 0. 400
pH & pH value (pH) - - 0.002 ** 0.27 0.034* 0.09
A LR Organic matter (SOM) — — 0.224 0.312
4, Total nitrogen (Nt) - - 0.290 0.440
L H, Available nitrogen (Ne) 0.002 == 0.59 - 0.276 0.290
3B Available phosphorus( Pe) — — 0.118 0.002 ** 0.41
FEZLH Available potassium (Ke) - - 0.496 0.424
47t R-value total R-value 0.82 0.67 0.65 0.64

x « FORIRE T HEDHHRKOEWERBE (p<0.01); « HRFFETHHEWMHHRMBMERE (p <0.05) ;— TRFHHEHE
FEREFRBRFZRIFEELLHER R ; P-value TR P {H; R-value Z/RHHXTTBAZE  * = The impact of environment factors on community types is
significant at the 0.01 level; * The impact of environment factors on community types is significant at the 0. 05 level; — collinearity relationship exists

between environment factors and other environment factors. P-value represents P value; R-value represents relative percentage
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3.2 gk ERA R YIRS B & IR T

Do G IUARZE BRI , SRR T Be ok e i — B B 64T 4047 , [RI D2F Monte Carlo 6 3 5% 1 1)
RIVEBAHYBEAREBFALH B EBFREXXR" Y . SRRSO B LB BT
TRER B BE AN TR B BEA V& o ol B e ik AT R AR B e 28, HERR TR R B X M 45 R B,
AR IFE 1, NESIHREEREENIEE T2 ESHENHAR, R 82% W RFERE; Xt
BRI W B o e B I R R TR R BRI , (RBUT SR BB 67% ; W EE WIRE G
B ek o A e S B DR T R MR IR AR I L R AR R M pH (L, $REGRIR (R BB /Y 65% 5 X
TR B V& o R MR B2 1) B 7R 3R 3 e\ pH (AR ABE, 1R 64% M RFEE. MEREEER
K/NFET e REAS B A HORE , 8 F A BT 5 A Monte Carlo K IR REBSTRAFHO R M A& 5 B R HIR5E2E
B BRI EEH RSB RN ITRER , XX TN EXER,

3.3 SR TIAFE R B BoAE gk R S e

HT TWINSPAN J5 X3 V% 11953 28 F1 Monte Carlo X 3755 B F 1 B & A, I0 R KA RIS B T 4 4
JB& T RIS R I B, 3 DA 15 AT 5578 8 v O 106t B R B B B B B M B SR R 7, B8 A DCCA
TSR R S ERI R R,

B RMG BAAYI RS DCCA HHEF WK 2, R E AT SR LB 057, BARESEETTFE
EREAEE, X SRR RN L, ERTEINEHE EER AR LA, H DCCA HF 2
—H5HAEREEA R M5 HRSELER X, EZHF R AR (X, A &A=
XEBRE(DMEHERE(D B EREEEHEESTTHAR I EREERNEMET, LR &H
ENERERE RAEERNE.

25
O $ 1
L 55 58 A57 éH 35 m -
56 60 X
L 59 L v
| v
Elev
11
- R ¥
15
L 24
A an ¥
146 49 " - ¥ Y& 4 v
O 47 50 33 <
| 48 5512 <4 B 098
Salt 54
% | 3.0 "o 4.0
B2 EEWLEERE DCCA — %R B3 EELENBRRFTE DCCA —4HT

Fig. 2 Two-dimensional of DCCA ordination in preliminary stage Fig. 3 Two-dimensional of DCCA ordination in transitional stage

FER S BB BoAE WiV g TWINSPAN 3 73 iU PU 2, 43 B S0 4F RIARAK (D)  BAFRIBAR (V) | Lk
(V) FMBEHAR(V) &6 BEUIHEE TH DCCA HF& R LK 3, H DCCA HFrISE—HSEIKA X,
FWMEBERBEAR X, WER-HAEIA SR EYRHE R RS (TIANV) Lk (V) FH
HEAR (VD) , BEE RIBARAE RS 038 INRIBRAK BRI FE R LR LA RSN R R R A T 408, SR Ik () H £
e 7 R R AR, T SAE RIBRAR (IV ) o S B8 R X 4 I, S BRI AR X 1338 — 2 BB AR , ELA&- A
MM R B LB R B UL REE R R B R RURE KA T 38 s EHEsk (VD) 7228 —Hh 9%
B B, SRS R B AR/ Wik (V) BAR AWM, (B — RE A2 b 7T LA
GRS IERBRE BRER , 0 T BRI R b,
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FR TR B B W3 v i TWINSPAN Rl BRI 28, 73 B R 3 A AR (VD) A LR SAR (VD) , Horp 4%
AN THHE AL (1,2,3,6,13,19,37 S , 8B Bl ll—RFE AT DCCA HEF R+, 4R LK 4,
TARAR VD) Br 2 A TH#AAR(1,2,3,6,37 S ) BT 2R RRMAALIAN, T RIS (VD) BrE A Tk
(13,19 SHei) TR ERRRMILRN 3 EEESSHINRHE LoFERHE (8 4) , KAWL
RIS T IR R ZBR  pH (EE <5 A 58 s KARTAREAK U 7 A T o < S 78 SR B 2 L pHL (H B IRSF A 3%
o5 TN PRI 53 7 R M A ) P SBE K PR S AR SR P (T BB S A TR R) o 3 FHEYIRRE R 7EHRF B
A FE R RO R L, B — U T LR b R RS | 3 MR RA
A M P SRR H AR B, 5 B TlAR AR 1) AR PA RN 1L IR ST AR i e

BERTHB BRI R (X X XL X iy DCCA Hifp &R WA 5, Ho DCCA HEFy i 26 — i -5 3 20k
B VRN pHAEA KB S MA K, TWINSPAN HEITARMFARI 28U 2 - 7 7 2 XA X BUT R AR
Zipk B EEEARZ EAZM, KRB LB EE ( Carex lanceolata) I PLHFH, X KB LA M & H ( Caren
rigescens ) S LFFH s L TR ( XI) AL iiRSAR (X)) o 3X 4 b 252078 DCCA HEF R Bk B, &
FEEAFRESM, LR 26 THE K20 CGER B BE e, pH HER) , I3 % & o
AR AN R TLARPRAEAR (IX , X ) AL R ASAR(XD) 05 T2 —Bhay A I GER & B 8K, pH HER) B3
ANPRBIZESE — 3 b A T Ak, RSB S e R BV R R

4 2.0

oV ¢ X
H + W
VANWN

o
L

-0.5 1 1 1 1
-0.5 25

BS5 WEETAMBRFE DCCA 47
&4 BEBETREN BT DCCA 4t % Fig. 5 Two-dimensional of DCCA ordination in climax stage
Fig. 4 Two-dimensional of DCCA ordination in sub-climax stage

3.4 BRARNAFEEHBEHERRERNERTE

SR BN EYRRE R E B0 (1) FIRAR T HIEXT BT (2) 2= B4R T MR R 7347 5
(3) BIBR =S RN G PRSI T R B9 SR R34 5 (4) BIBR IR SR NA J5 22 [RI 2051 FE8 B S X B 04T o
BRI B T B 3 #80: () BRSEE FHGLAER#R ) (b) =R FAIEE T BRI (o) =
BB T SRR o AR R AR TR SR A 6,

HIREY  EEEA RGBT, R HE T A E T R AXE R R R R R AR 7E
R B A 46. 4% BT iR o2 i 3R S B T SR = M A B SR AR RO S 2R, 3005 B TR 3
2[RI B AR F EEERAEBL(26. 2% ,27. 4% ) 5 T 7 8 93 ¥ B B v , 3435 IR AR e 2 1) 2 B SRk R
HEARL(37.9% ,41.6% ) , EN 1B E A X% SR 70 57 B R BTIRE /1N (20. 5% ) o TR BTG A
TR BB, KRR R B ] A R A S R bl IR IR T R A R (63. 4% ,66. 5% ) , T Ao 1 2 [ o2 B S0k AR
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MPE B AR HEXT BB REEMK(14. 0% ~
2.6%),

B RMYIBE g R, A TIhe s
HHERANBRBEEEGTEMNAE? BT DCA f
DCCA H41E(E , T8 F Monte Carlo #8340 DCCA HEFH) 5B
—HhF A B & (K 2) . M DCA F1 DCCA HEfF
HEE— BN SE —HREARXT LT LB 1, A M E R A
K, BBATE I 6 3E AR 8 0 B B I 5 45 B I8 st
T, MEBREE R IHIFRER . 1 Monte Carlo
BERRERE ,FHREZRN DCCA HEF I RTF 4
ik mE , MR A 2 & AT DCCA HEFai m iR A
B2, HEA AR & 1T DCCA HEF BB R AT 115
AETERDGERX IR EEE,

4 WitE4%ig

(1) 7£ TWINSPAN [ 6 %4325 /KF | ,60 M54

X534 13 AN EVEREL 3 AB T 4 MARIREE B E,

SF OEFNSF WEF
100
80
60
40
20

AR S EPH RS DR (%)

Relative percentage of variation

<

A
[y BE The stages of succession

o6 reMfE. ERETSXE/ERLBIX A REEY BFE
#H 7R AR RRERIHE 0 BTHR

Fig. 6 Relative percentage of variation that can be explained by
sample position alone, environment factors alone and covariation
between the two factors in different stapes of succession communities
B A.B.C Ml D RIFnEEMEH B S EH R LR B
TR . EF.SF #1 EF N SF 5p 3 KA Mg B iER. . =M
ALE B BB VE R E R AR RIS R SR

The sign of A, B, C and D in the legend indicates preliminary stage,
transitional stage, sub-climax stage and climax stage. The sign of EF,

SF and EFN SF in the legend indicates variation that can be explained

R 73 IS R BT

(2) G SHRRRHBITF , FARNBHT
B, FOVINE R T2 RIFAEE R RNHE R R R
FRALRMRR I AFERENTORES , SXINHER S RIRE , B E R A RS R RA R
ER XM EBATHE S RXREMA. AAERAHEXREERERTRNIHEE , A A
FAE B SMT (PCA) B Bkl G SER M IRV ™ T Y B 26 %25 0 Monte Carlo 35 MR IR AE Y R AL
FBE E XS A v RN B35 BN R T A R BN S B T g R BR o AR SO - R R AR K R A R
BB BUEYIREE o AR R 15 ADNFRSE R TR R B 8s , YO XHE B P B vk R B B B T
TG I B RRR , R 82% W 515 B & ; XS B Btk e B i B R TR e R R A
JEE , HRH 67 % B3R 515 BB s X R I TR SR B B A o B 2 9 R T R I 3 1) AV B I R 7 B
JEA pH {8, 12X 65% BIFN 515 B & s W MR B Bt ¥ 7 F R me .25 B0 B TR ¥ 3%, 39 1) pH (BRI RS
B, BRI 64% I BEME BB, WIS R 5 E SUR AR WRIE SR RN ERAELL,

2 DCCA HEF%H Monte Carlo 221431 DCCA 5 DCA #1FiR L&
Table 2 Monte Carlo test of DCCA ordination axises and comparison of DCCA and DCA eigenvalues

by environment alone, sample position alone and covariation between

the two factors

Monte Carlo BEHRR (p ) DCCA RHEAR

— BE¥ Significance of Monte Carlo test (p value) DCCA eigenvalues DCA'ﬁﬁHﬁ
Tho g of scosin it M D e

AX1 AXn AX1 AXn AX1 AX2 AX1 AX2
F0H5 By Bt Preliminary stage 15 0.002°%* 0.002°° 1.000 0.700 0.765 0.224 0.780 0.254
33 BBt Transitional stage 11 0.008** 0.002°** 1.000 1.000 0.564 0.188 0.657 0.226
W TRE BB Sub-climax stage 18 0.002°%* 0.002°° 1.000 1.000 0.375 0.208 0.408 0.186
TR HrEt Climax stage 16 0.002%* 0.002°** 1.000 1.000 0.418 0.156 0.434 0.262

# % F&7~ DCCA HEFF il Monte Carlo #38 p < 0.01; * 378 DCCA HEFFHl Monte Carlo #36 p < 0.05;AX1 FRHEFFRSE —8h; AX2 TR $E
FREOSE i ; AXn R HEFP BT BB

significant at 0. 05 level of Monte Carlo test; AX1 ;the first axis of ordination; AX2 :the second axis of ordination; AXn: all the axises of ordination

# % DCCA ordination’ s axis is significant at 0. 01 level of Monte Carlo test; * DCCA ordination’ s axis is

(3) FEXIRERBRUE b, it SUEAR AR DoE YA A 6 B B g B A B9 1 2 B & TR oL
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BREERIE b A A T (BUE S . LR %) EREMBIRR™ . 430 % ERRD M
XA FEE BBt i 9 DCCA HEF I 4 R R B R SN R R R A SRR R S8,
HRZE [ R B B R R LR TE WP AR b, B R A 58 B ARAE FRO AR, (Rt EIE B3R B0 s T L
FEEFR R , X RRE = R A I S B AR R B B AR, B T XX B TR A i 530 52
R M,

(4) A REEOBAYR &0 F R TR ER S B, LA HEEEEE 0T, R E T A%
TYIRIE R ROR B, BT I & T S H U5 T A1 L AR A TR AR VE (3R 3% BH 7 Btk 5 | VT
AR FRE 66.5% ) s L B HASR X W3 v B T TR R B A BB R (27. 4% ,41.6% ) , HE it
FERTEL/AN s T & S AR X W) B R TR W K (46. 4% ) , ST HE 3 ANHBIE9 1R R AR XHE 2
(14.0% ~22.6% ) , TE—EREE b AT LAULEAZE 2 B9 A0S Lo /5 IR B WU RRvE T R A B R BB,
FEE B VI B BT 2B A4 2 0] i A e B B e M B AR AR S B SRR TR E
YERSIRER) (73.8% ,58.4% ) 7 TR FRIFSE B BEERE T Bl Z o MY Rb AR, B T EMRAEL
7 BB 1 A T SARAE (DR T BV KR AEAE B8 ) Do T SO RUME A B B AR ™

(5) IEREUF B2 B /N s (R B BN BORE , (AT AT R ERE T Monte Carlo K30 BB AR 17 32k
FHETHEERNINEEE, HIRXEBH RS BRER/DITRER, AR DCA 5 DCCA HiFH—HMsE
B BRI (R 22 R AR, U AT SR e QTR B i B R R IP SR R B ORI, BB R 7 IS BT SR R
B — RO AT EE  SE MR B 0T H
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