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WE RENSEREE, S4KE2(TWINSPAN) R F (DCA) M T B, RET TFRMKEY B EREN R, HMERE
BEFGYHER SR ERARAEEY BERND ST BT TORNE. ERERW . ZUENAYHERERS
RS H AR, DAERBRE-BARE >FARENEEIR. A RIKRE R UL Quercus liaotungensis ) 3k K W&
TR, AT RS E T AR, h# 7 WA TR Robinia pseudoacacia ) kA T3 #4 ( Pinus tabulaeformis ) Bk FF 1R i 31 2% %
5|, MYBENR R FHERSHEFHUBHMN, EABFHIERARE AV FEAYERIEERLPRERESHILAX,
HERUEEEMYENEASTEYRE, SEARENTHEIEYER I RERIF—ES5E B LA S RHEYFHF
BERFHN AR LARTRE. BEMEENERRZSEREEHEME, X4 AR A% YRR R & R %
REGFAEET . BEIEAIYHEAR IERAR AERARERZEE, RBREATIHKRS RARERBFEERAH
xR
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Analysis of plant community successional series in the Ziwuling area on the Loess

Plateau

FAN Wei-Yi, WANG Xiao-An", GUO Hua  ( College of Life Science, Shaansi Normal University, Xi'an 710062, China). Acta Ecologica
Sinica ,2006,26(3) :706 ~ 714.

Abstract: The ecosystem on the Loess Plateau is seriously degraded due to soil and groundwater depletion. It is important to
accelerate the recovery and restoration of degraded ecosystems in this area in order to ameliorate the regional environment and
increase ecosystem productivity in Northwest China. The Ziwuling area contains zones of natural secondary forest and is important
in maintaining regional climate and as a base for ecologically sustainable economic development in east Gansu and north Shaanxi
provinces. The goal of this study was to quantify the successional series of plant communities in the Ziwuling area.

The area studied is located in the south of Ziwuling, and belongs to the Malan forest area in Xunyi county, Shaanxi Province,
China, at 108°27’ ~ 108°52'E, 35°9’ ~ 35°33’N. It is about 40 km long from east to west, 43 km in width. There are various
vegelation types in the region which have different disturbance histories. We selected areas last disturbed at different times, using
the space series to replace time courses to capture a range of successional stages. We endeavored to ensure consistency of
environmental conditions in the selection of sampling sites., We established 15, 10 and 21 sampling plots for investigating herb,

shrub and tree communities respectively. The youngest communities are about 2 ~ 5 years post-abandonment and the oldest
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communities are about 130 ~ 150 years post-abandonment . The successional series was described using a combination of numerical
classification and ordination. The dynamics of species composition, life form group composition, litter and humus thickness were
compared across the successional series.

The plant community successional series were divided into nine stages in this area with a trend over time from herb- to shrub-
to tree-dominated communities. The climatic climax was a Quercus liaotungensis community . Artificial reforestation accelerated the
succession process and created alternate successional paths beginning with Robinia pseudoacacia or Pinus tabulaeformis
communities. Over time, the number of families, genera and species increased. The proportion of annuals in the early
successional stages was higher than in the middle and late stages. Perennials, especially woody plants, became dominant in the
middle to late stages. Perennial grasses and legumes maintained a constant ratio in the entire successional series. The species
richness of every life form group increased and the compositional proportion became more consistent over time. Litter and humus

thickness increased over successional time, however, the ratio of litter to humus differed among successional stages. Artificial and

natural secondary forests had some differences in species composition, life form group composition, and litter and humus
thickness . ;

Key words: Ziwuling; successional series; numerical classification; ordination; dynamics

H M 20 2% Cowles Clements SR T HEHEBEE LR , EEMRC AN EST¥FRMNREZ -,
BHEEESR K BMARZFTEHIETHE  RAESENAAARRRME SR, FHFAR— MK
MBEREARBEEN T ARESREMALAS ARG HTARERNMEE FATEFBAESRESE
MIKEFER, XN FRERSENHAREREANETRREAROEM BB A T F .51 5 500003 %
MEETRY .,

HAEREOTFRAMKTIHAEESREEEL TRERAHWRES MEBEZMRXBAESRENKESE
BAEMNTRERBASHEREN FREMIMCHMRASREATINBERNEERAERNEY ., F
FRHREERBRTHFEERRAEREN - RRAAEHEX, NHSI(Y 1368 F)E, MEEI“EREK., £
HFEMNIES, XBEEALBRAMAKLERE, LEHEHERRIBERMRT . FHFE S5 F (1866 F), i F
BN REY S, BRAE S, FHEHERREBUKE , ERBEWNR L ERAF LR TN RRKAEK
X, FRSHEBETERRRIBR R BSE APESTE BEESNGFNTTRERERE 2
RRENFEH AR TFFRBEMEBERERENELEREAMATRENRENRERZAAEENLEDSE
Mo FHRBREEZHHEELR, CHEENZMBX T 50a MEBEAA FRSEAMMBENETELB N
i BABEESNENSTSETIME" 7, BUANTRASERETLERAMAZRU S EYBE
REMBEENE, ARG EELRTIFINEAIHANEBES RREREPHERETEANR . F30RA
WESEMNIFEREENTE BB TFrRpXBEEEENNBRARERERRY AR ZEERIIN
WA SN ERARSHEY ARG EANE, AR XK ARRKE SR RESRE, ViZX
MR B R SR ISR B
1 WMRAE
1.1 BiRs

FHRINERTHRART LHRARSE, TRILER, BRA ERHE, RR BH KRR KL, SRR
THRREBREM, AXFENTRBEML T FFEER,BRAEAE ERTIEARK, AR 108227
~ 108°52'E,35°9" ~ 35°33'N, 7R 7 % 3 40km, B b < ¥E 43km, ¥ 3R & & 1200 ~ 1700m, HH X3 & 2% 200 ~ 400m, —
BB EE AR, BB S EAILRERR,BRAAR, ZERLFHEAIXNRE L, LEHK 50em ££H,
RGN MEARE AN, ESER.pHE7~8, RILEMBKAKER L, BER—, AT LENK
BOHEENE BRARTF, TEEE. ARRREFLBELEK, £THRE 7C, RMERMEIR - 28C,
1 ABEHRE -7C, XEY 140~ 160d, K B7E 5 A EA, =0 CHRIA 3134C., FH & 580mm LEHE7.8.9
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ZARFESVTHYE R AZRE 2 AH, RABHAR ERTR, BRARY, M TFAKRER, BEKE
VA, REHEE, S HAERARE  BRAAR THREMERBIER, M ERERATEMC,
1.2 BMESESRERE

MFHSRE, P8 REEERER B EAERANER, BB T LEAR FEEH B8 & E ik
R, F2004 45 AMARBERETLEBE,SATLRRFAYBERMALBTIEARTS T HGE
BIVR AR E N, E R ERASAARSN AN T EERERER RSN BN AMAREDY , 7k
BN RBREIHAEN -8, BT FFRBEBTFELIREANTFRILEY, LEESE, EWHE
AR E R FEE T KBCRE, M RS AEIR B EE < 250m, B IR 5 B 315 8 50 35 505 1 % e
AUZR; R EEARE WA RESR AN FEEE, 35w BBy 8 66 m 3% (B ¥
), E— MR 24 ~ 30%

HOREMEN,BEBELXENARREAREBRNES , EAR Imx Im; AR 4m x 4m, A 1m x
1m B /NEE X B A BT R E ;I AR N 20m x 20m, P 5 4> 4m x 4m WM FEEARR,5 4 1mx Im /b
HYRBERR, EARE EARE FARESINELE 15.10.21 MEE, EEMEFPIC RFALHR,
MYSEE 2 BE,TANEE GEF K TREEEET. FSRe M 0GR E RKE L E 6
BENEREE JEAREE LEEESHESME, BETHET 2004 F£7~8 AM, R EAE 46 MEF,
iwF 193 MEYHR .
1.3 BEAH , ,

BRAEMAREHTRRESBNET SR HERHEAREENBE AR TAXR. HESHERAN
W48 7R & 4> £ B (Two-way Indicator Species Analysis, TWINSPAN ), #E % F B #5 % X} K 4+ #7 ¥ ( Detrended
Correspondence Analysis, DCA) , Bl & B % {4 TWINSPAN i+, J5# B CANOCO 4.5 ¥k 5e it , B kit
R XE . B 46 MEF 193 MEAMF KB BRIEIE, BT 193 x 46 HFEBRBEELE. BREFRIE
BE(V),EitEARRA:

Wigx) = (AT EE (%) + M MEBER(%) + HXIRE(%))/3
IVoga, = (PSP BEE (%) + X HE (%) + HXTSHE(%))/3

V)R B KA Patrick £ EERB(Pa): Pa=S§

K, S AT FHEDFHE.
2 EREHW
2.1 FEEHBHUSHEERINHE

TWINSPAN B/ L5 R K 1 iR B\ B R 46 MREF 0 9 NE . 3 46 HEJT #47 DCA HE
J¥ ,DCA Hi 4 N HEF 5 KA AE(E 4 %) 9 :0.819,0.463,0.216,0.101, T AL ZE 4 :0.512,0.29,0.135,0.063, A LA
B AE 12 RBTIMER 0.802, WS T 80.2%M{E 88, B ERFMEE0.7 U LEERHE
PIEAER " URE L2 HFH LB ERE N RS AR R RS RHENROESX
RUE 1), EHFET, TWINSPAN 53 245 R8BI & 4r R B, % 45 R 19 IE 5 418 LU BN ,

GRAMUBRSENETFHER BRBRSHERBYUI A IO NTHENE, HAEHEE RS, 45
BN CEBBSENEFERAEATUR MR MEDEARE - BEARE > FARBHN RS RI LR,
BETANEEREHNES 2~5a i EMERRE, —E3 A RIKEERIE 130 ~ 150a 19 KR K 4 bR
%, EESERERAMNS | MEMHNEE LR LA UES BEANESEAREESELAARNRR, g
ABESTTARESE NAE R R L0 BB R, BOR i 2 A T3 AR 5 I8 8% B 0 BT 8 T L Mk B 0k
REBEARELESRFE LA HAEMTRAENES HERBE NE A, X0 R H 7S s M bt

O BRAEEMHLFM. REEHLIT,1964,22 ~ 53
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ALEHEREESBHEERN ., RFARBEN S, HBELBE BTN B, A H(Betula platyphylla)
HRBREN R RS REERABEREN RNV, i F 1L (Populus davidiana ) TEA MRS FHEEL K,
BEHTLERKE, HRLER CRAFETS , i FEE I HRE( Quercus liaotungensis ) 5 L # BB M
A, EREEPHRBZZSINGE, B R E A (Pinus abulagformis ) T REFIB TN X, BES
VFXHB ST RS, B BRI E AL AR ER AR R 2 X ) B8 95 3 B B SR TUAR , 7 A L b 49 9
MAMEBEARTHR TERN - HENERENBELE ., FEEIR, ULRENREMOBRERF LB
DK B SRR TR , T A AR E 1) T — A IR TR, 7 53k B TR =2 81 88 45 1R 55 1R 1 i 18] B9 A X
B, Boh, AT FHE K 8 ( Robinia pseudoacacia ) RIEEF 4B M KA — S ERN A4, I HH T MA THIK
HRAHNBEERT, ZHMEATIREASHEEET 20MHE 70 FR, EHEKE 200 EER SR Y EFH,
HAEREEFEMN, FUATFRAEHFFELAERERABENBENEY NEEHRERE  HER
ARATH . RERATRSRKBRBULIHREHFRAZENRMK, SERE ZBXERBENEERI N
OF:F 33 S0h g - Y I—*H—*IV—*I]I::VI;»VI[
Vi

21 WLWMTF N8 E N TWINSPAN SR G R
Table 1 Classification of communities using TWINSPAN in Ziwuling area on the Loess Platean

;| XS -t 3

Group Samples Vegetation types
I 32,33,34,35,36,37,38,41,43  HRALHE + LHBL Ass. Anemisia scoparia + A. argyi
il 39,40,42,44,45 ,46 PR BN Ass. Elymus dahuricus
m 24,26,29,30,31 BT BB Ass. Ostryopsis davidiana-Carex onoei
I\ 22,23,25,27,28 HEW + ABT-ZEEB Ass. Rosa hugonis + Lespedeza bicolor-E . sibiricus
v 9,13 W B A4 E RPN An. Robinic pseudoacacia-Lonicerg elisae-C . onoei
Vi 18,21 Pt ERER-EE BN Ass. Beda platyphylla-Spiraea pubescens-C . onoei
Vi 4,5,7,8,10,12,19,20 IFM-T R4 BN As. Quercus liaotungensis- Rhamnus wtilis-C . onoei
i 3,14,15,16,17 WAR-RAW + L EESBRI-H BB Ass. Pinus tabulacformis-Acer ginnala + § . pubescens-C . onoei
X 1,2,6,11 HRA-TRaR- A B E BB Ass. P. tobulagformis-R . wtilis-C . lanceolata

B HrREFrGHESBES DCAHFE

Fig.1 DCA ordingtion graph of communities in Ziwuling area on the Loess Plateau

ST B S A R
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2.2 EERFIAWFNE RS

HEAERER 193 MESHEY . BT 48 120 &, & 10 7 LAOBHMERE BFHA (13/29) 558
(16/24) \G#H(11/16) B A FH(5/12) KABH9/10) B LB (2/10), FEHBHEN FRRHEBHRN FTER, 1
EREAHFHREYR ZAMNEEHARNSCER, MM . S8 A4+ EHANRELTIENRFR. HI, B
HHROEDHEZOROEY X ROERER TS LS. RS 1 F2 IR aHE 24 B
B & TR 66.67% , 1T LR ZHR SER DR, R T RHEHY X RO SREE M.

FEAFEER R, MY YFARE FHEHEL 82T b 4 Family
ME(E2), MERSHNEE BENH B FHYEHR EE,,‘S};:;:S
RHDHERBES , RIANTARBEE > BEARE >HESR
BEVE, KA BE A FERE SR M AT I O KE K, BERE O A B
BEMEAEERELBESTHBBTRENKE. B
W IE O A 2 ) & 88 B ( Geranium wilfordii ) (U FE B V%
AT HE, RARAY2bREE REEEAMNERZ

C!

spe
—_
o
b=

BmA %
Numbers of family, genus and

(=]

— FEEEEKE I RP R TR BESH L, EBE I TN m VoV W KX W
FERRERESEETTHYHRE., B4 BHEHAKX WHRF) Succession series
MR E R HERA I RA IR AR, R B2 YRR MR RS RS LML

‘y& WA AR M*ﬂ E %Wﬁ B Tk A B 2 1) ﬁE PN Fig.2 Changes of numbers of family,genus and species in succession series
ER.
2.3 EERY LAY RERFA R E L

BREEYHREFRHUAREREDREDROAR, MR T MR FARS BFEARKE EF
ERE SREREY EAMEER A BAEY, MEMEESOHE, MENEFRIERARGLR
EEMANKRN(E 32), ERBERI L HYNIEBRUAREHE R, WML EEEHH N, EEEHEN
B AENERRAYN | FAEAAYNREEFESFERAEY IS MELRARENR, BHEYFHE
EEHERM KPEAMEESNE, BFEERERIE N, BEAE RS T SR, b TR B0
MFFE—ERERE NP, XS AR | FAEMYAT S, S8 FAHY WY FETEMR TH
FHENBERAREETARENR | FEAEFNEEARLXENYHETEL T RIRSE EA.
FEAFHRIFERM (A LA IEEAR R R), ERBEAEYEHE L, XARENERENTEME
O EVMAZRRRGEN MR, BEEREMTAEY THENCEFEAARATZMOER, B
FER,BFERENGRHEDER N EGERINF AR S RO EAEERLERERYES
HME BERYESRENEY.

- ERBRI L, SRR AR BB T RS TREN KSR (E 3b), 1 FEEEYE
REF BRSBTS B LR, B 5 B R A — R B W s TR E s M AR R A BT 5 1 1 B0
LS Z R SRR, SR EE S AR TR E 2 WA Y 7 808 A8 b il
HOZARSEMBEANBERKENE X, PEERENTREYERS R F—HREEEMEEN
B, BT ZE R R A A E KT E RN,

2.4 HEMHBEESEERIINAR
B EF IR R ARREETE DCA S 1 HIF S S BT R (B 4) ERBNEE, B
R R AU R B R B AW A, T LR A B AR > AR K R RN, X
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SREERBEOMES —EXR FHRMEFARNUIN KEREEXEERK. B, M A TR
BADKHERRRERA DRARRRE, CAFSRLRIA(BEAVDMNEARENRE HEZE
W XRENMEFRMAE SERSER, R B, B3 518, TR R %5 b 0 i Fh A 9 4

RSN E B WAL L ARARS BRI AR SR 1R 3 (BETE 41 V) B 00 2 50 Ay 4 9% J2 0 0 0 I J2 D 9 7
P Z (8],

OA B PF @ PG ILPIS BAR @ L

120 100 " E E
. L R
2 - o -
g éE § B
e ,.E . x 60 -
#© o i N g g
&.8 o B I #a 40 d M B
B i —a : . ; & g ‘'R
- -R. "B Bl E g 20
i I ‘N Be 0 N |
I T VvV M V VI I X X II IV ]I[ V VT I X X1
i K% Succession series ¥ K %) Succession series

B3 RERF EEWERNNEETRHERE ) RAREH(b)HEL
Fig.3 Changes of species richness(a) and compositional proportion(b) of plant life form functional groups in succession series
EfIH A, PF. PG, 1P, S, AR, L 2R F - FLEER , FELRFER LFELERE TR EEEY EAMEEA FFA WERY A, PF,
PG, LP, S, AR, and L in the legend indicates Annuals, Perennial forbs, Perennial grasses, Legume plants, Shrubs or semi-shrubs, Arbors and Lianas,

respectively

- = 6

E,_ y = 0.0796c0-7987= ® g y = 0.4937¢03905¢

g S; R-0912p001 e ™ g s R2=0.8821 p<0.01 e

44 2.

| 4

g 3 g 3

£

w2 2

o o

W o1 B

s il

Z 0 ' g o '
0 1 2 3 4 5 6 6

DCA # 1 % DCA AX1 DCA %1 ) DCAAX]

Hd BEERIILBFNEZNREREREQSSEEL

Fig.4 Dynamics of community litter and humus thickness in succession series

3 g
HYBEMERSEREY SEYZA Y ERBEZANALRR, XEHE XA GBS & TS
i gy e 2 () F At (] B A BT (BEVE 45 4 ) 1At O , BY 8 (0 3 75 7T LU 3 0o i £ b 42 B v& RO F 52 T 19
0, B 5T 28 6] 9 AT R R 1 RS TR BB O, — E MR E AN BRSSP
Ml FEARSMAAA BT RAEE A ERNERENIE. AARGBEA AN OFR KK
VKB, EYR AR T R M EHSESIRBUERENFRETHT. ALERKAA—TTHE
fdi s AN R R A, 5 — T T U B A AR U i 288 A X A% AT VB S R T A, D B i R R R A R
MATHAKAERGEDHAR LA AR BEANXHY R FEERZHEA IBA R8s,
KB TR B RKE MR AR ER, XREREATHBRS MRS EEFHET RS AT
P G A BN B AR R K, R B R R P AR TR BB A ERER R, TR EER
18, B REMHEER BAELUEE . T ERKE MRS SR AN IIRAE, & Y5 R 3 F WA, REORF R
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EWHERAUTERESHHRE AR EYHHRARE TS,

BERKEBRERRORRERENRRIKE L ARERASIESHEERNBARM AT RELIEN
YHATFORERE"Y, SRUNBRERELBPHET TR N FRBESRANBERARE
fEfl. MM EEEHEINE AN YHEES ESRARFRENERABRY, 1| FLREHEY
ERERPNERELHRBRARLOURRAEEFR BESFEHEYBIRATEYNE S BENRE
HEIKE ARRFE R AWM ABRANMR, W KER/FEABRATHNHYSHEERFTEER
AP, AHRENA, GHEREYNSEERETHERASRASBNBRSE" XETFTFR LR WRE
RAPAATAI ERENHNBANAE. SEERESHN C, HY HRARBB—E® K¥EEFRE
WERHEY R A RS LS EEMAEEREM, ENERSREEN L ER Y AR EHYRBERRNR
BHFEREEREM. MESEERENERHEYER MRE RS P —E4 TR R E R A, X 4 A E
RBT -~ EREMNBRLEGHAEGLRERKVAERFTHRE.

HOHERNBERRES THESHRANYREREERTZRKER . A% YR
BEMEE RMERREREONERER™ ., HEZMENEILESHAENLR KSR, 2 8HE
YEAL BB THVRE, A HEY R R RK, EFF TR R RO ERSH , FRERNDNSRB R, |
SRER. MEYREABERRAR IENERIERE AN SR, BRERRRENEMRARENE
FRUEFMBER M 3H A BTINGE XXt TRt B - A BAC Y, I L MBS TR B RAEZEIEA . Raich FM
I, FARFENERBEAEERERBZ WL EIRERS HARAEYECL LB T) BEMAX™,
TESR IS AR 75 R0 P 0P IR 0 R O R A RSN TR 4 0 . B R RO R R, BE T O 4G 78 2 TR LR
BREHAREM, AR E R, RN AR E > EARE > BEARE, RUENMEXNOHES
MEAEBRNYRBEHES, WAMERB T L REA BERFTENERRERBRELBPBITRE.,
HTRHEYERNAR ESHBERBAMNER BERZEENIRE - EBENLANGE - EER,

TR, F U o IR o AR TR AR 8 4, AR S P AR M AE R B T 243 R B R AR A, A
THARARES BREEHULRBERNERNXARZANXRZARERRABEE, _HEZHTEHFE—T
ER EYRARE, BRAKEYHR R FERE LS FIURFRETHA T EE B AR LXK YF
FEERRTRENENEBEREEERK ERERZRE,EEHMWRHAHE, KHEER, 7L E N b
A SBAE [, AR AR , LA A% % 10 5 B R RE 0 RR AR 5 4 00 s 1 I O o SO RO 5, AR A
BRAR, Prit@ R 6 3 AR PAROE T BB AR BN O E AL RS ER REE R, 4 H
BERBUB TR ARAOPMULRFREMRTE . RIBHRERS - EBAIREAANMATESER
Flp AR HTATRMNEEE REAAR  WEEYHRERES & SR ARER AL — BB RK
SHEEATES BAREREMNB/NEFENRE. ATHASERRENTRERFMRXHER R
BT A5 EEBRELBRPANENMARARARGERNNTE, RERNTHAR L A THER
i 20 H A ST BRI
4 it

TWINSPAN fEA S5 B ERMBR SRS, KA BERUREW, PSRN R4 R RN
DCAHEFH S Gz ERE MR B BENESHE, AITAMEERIIGEEE, LRAR . DCAS
—HEF BRI T A R ARG - EARE - FAREORE R, BERLH D, R K BB
HERFILRA N 9B EHEARE~EARE ~FARENEELE. ARREELUIRIEAY
WRE TR, A LR AN TR T 0 — R SR e R KR, A T Ak & AR ok, 3 th M
AT RBEAFHNEERT, HEE T N4 En AR KEWRETRL.

EEYRMAR L P AR EBEAEER SR TR B4R RENNZLHS, it REHH A
BARLHOM RUTZHEEYX RO EREEME RN, EESRFIL, BENH B AHH 208085
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WA RANTARE > BARE > EARE RUBEEFHRERNARER, BENYHEEENE
AUERBHEPHBIATRENKE, AHRERHN EERBENHAR BV FREHARZHE %,
Yy B R A S, B4Rt B R L R R TRE . BEVE R R TR R S S O
o, T LA S R W OAR, = B R B FH S R R RS RS RR R — R £ R, ‘

FEERE X Y R A DO RE B AL AR VR B R R BB R A b, & B T ARAE 2B 0 T 9K S K R
HRARKEKREMR. Pk, BRERBCESRENERKE SR D H BRI, A DHBE KA THBEE
ALAMRE R, EA THENYFHETEGRIFGEN LS HERRENEEARETERARR. AR
TEL KRRE AL REVEE B B R N IRE, R A i B F8 M if B X R Ak - AW Fh L 2 0 W R DL R LU 4
AKERESEHMRTEERHHTT .
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