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Abstract: The composition and species diversity in the process of vegetation restoration on Tudiling of Mao County in the upper
reaches of Minjiang River were investigated through sampling method. 54 plots were selected based on the different regeneration
styles( natural regeneration and artificial restoration) and disturbance intensity. The undisturbed, slightly disturbed, moderately
disturbed and highly disturbed types were identified on the basis of canopy cover, disturbance traces and slope. A total of 242
plant species representing 148 genera and 61 families were recorded at all plots. Rosaceae, Compositae, Caprifoliaceae, Liliaceae
and Ranunculaceae were the dominant families on Tudiling. By means of TWINSPAN and disturbance identification, vegetation
could be divided into 6 major types(2 natural communities and 4 artificial communities accounting for different anthropogenic
disturbances, respectively) . Obviously, differences in composition and species diversity of 6 communities reflected the adaptation
to different anthropogenic disturbances and habitats respectively. Vegetation layers were more distinet and species diversity and

evenness were higher in forest than in shrub communities. Species richness and Shannon-Wiener index in artificial communities
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markedly decreased as the intensity of disturbance increased. The decline of shrub layer richness and cover with disturbance ¢
intensity was higher than that of herb layer. Richness of species tolerant of heavy disturbance, such as annuals and geophytes, had
increased, while the richness of large palatable species had decreased. Heavy disturbance resulted in low diversity and inhibited

regeneration by decreasing tree species had saplings. The cover of upper layer had a negative effect on species richness and cover

of low layer except highly disturbed and steep slope communities. Species diversity was higher in artificial undisturbed community
than in natural undisturbed community, and slightly disturbed forest had the highest species diversity. In comparison with artificial
undisturbed community on Lannigou, species diversity and richness were higher on Tudiling due to high diverse mixed species for
restoration and Pinus armandii might trigger the process of vegetation succession by shortening regeneration time. Therefore,
variation in species richness and species diversity is related to human interference and there is a need for conservation in the
process of vegetation restoration. High diverse mixed species in restoration and avoiding strong disturbance in this region can
accelerate succession and maintain high species richness and diversity.

Key words: Tudiling; vegetation restoration; species diversity; regeneration style; disturbance intensity

R P ERIT EHHEEKERFRKT AR ANCEREEEERELNED BRSSP O H
TRANAREDFBTERERAESFENTERANENSHERNTE LR, B RKTBALRE
RS N fTFIRID F AR B 4R 0 R Y M 0 B b A KM BGE AL TR, RUR VT b A B
BB BRERZ —, N 20 th4d 80 FERIFIE, B E R 3 BE #8457 o 17 H 81K &, LA % 10 M2 ( Pinus
armandii) S (P . tabulaeformis )V R URTL b i 1 Hb 04 #th X AR 01K 2 1) £ B4 B, AT A MU AR . R5tiR
30a, MEMEBEC B R —ENESHAE.

ZHMEFRPENREATHEYHHNE S HAERURIERBNMERENESEBEKREFZH
W, PHEEHEERREEHNSREREN I EEEG HEKE IR SN TR R T
MR EREY " . E L, 6Bk 9 R £ R % 0 BF 5 7T LAAR 4F M A M AR AT 1 FE VR MO A L L R R AR
61 ST 10a e STURIL B3 A BB AR B O BEAS R, A XHHRBHERANR -
IBHBEKELBRT YR ZHEEREUR TR SAREHR XM EEKE BEHEERYMEHEENER., B
BRUTEE: (DEBRERNBRNYMHARSZEERRER? QOFRREFFXNECTHHREDH L
B BEYMARMNESEERERME TINRETMEMAN? OBEMEARYHEHEUETANERLAE W
g7 (DAREHFX S TREBEET AREFTLABEAFHTFAXSHEELFSHEHRE?

1 MRREBEARFEZE
1.1 W58 RN

MAXGIRIT LRER B EXR- RO REBEAEAREHE. ZHBR 2 10CHFHEHIHEN
2635.1°C, i 8.9C, FPETH & 900mm, 7K K& 795.8mm, 4E H FBAf 1 1139.8h, BB B H ik, TELUFH
W AN, TR BIR I, ST, B . BT R BETE O T ik M B A R M i (1030537347
E,31°42'05"N) , # Rk 2050 ~ 2250m,20 i 42 80 F A LART, B8 FRIAM AN (A FER) T, i X Mg KR
FEAREREN DCBEHEMA TS MK, M0t 70 FRF O FERMAH . ELATEKR HERA
SREH, 0 30a WIKE , BRT B EL TEBRITH, £ REC L7 B 1K, & 0t AR —R7E 30a &£
Ao Hbt FREABREYSE BB RS TRFE MBS R RERR.

1.2 MEFE

1.2.1 BiAE 2003 4E 8 A, AR E T A BEIKE X (80 FRMKE) W, MIEIR 2050 ~ 2250m & B # )7
HOTHBERE BARXTAREF FRAIKEHNAREFH SARTHR(ETH®, BE TN, FETHA
HETH)FE, HEE 5440 10mx 10m 5, FTHAME & Omx ImBEFAZKRBAEFTAMNE HE.
MR, FEEIFAREFTIIHN 44 SoxSmBEF ,AEEE 2 MMTHALN Smx SmFEFTAFTAY
B EHEAKME BEMNTEE, ANESS SmxSmBEFPEIRE 1 MRERIREN Inx Im MEF A
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BEEAFE BEMEE ;N FEALS, RESD 10mx 10m BEFAMER 2 M T ALKE Snx Sm Bl
RFEAL S SEARHETEE, AMESD Smx SmEF PHENEE 1 MEREEMN Inx 1n MEFTRE
BA, FAEHALHHEE Ramires-Marcial 5981 245" 51 % (B E <0.5m), 41 (HE > 0.5 m, W <
Sem), RETFHBEALKEHENIR, EEERXARBLZRWALKERMNARE THRHERE 121
10m x 10m B 77, S HHATHEFAE, FE 5 S B REME . Fat, &3 LI-2000 Y552 287 {0 €
FEBTHABETERRMWESE,ICREN I0mx 10m EFHER HE NE BELECERMESEE &
FRABKBRESF THRRERS . LEBEEARSEEN, SREETHSHEREHRA, L BEBEIRL
RetEnt, R BETT O EEBR TR S EHEMFE

EARBATEERRISE TR S KON AE BEFRATRES . UERFEERRNFEE"Y &
MFRAEERS Y RIEE 3 AMERHT TR, B ERE L, P . FERZRMNEFED L2000
WE ; & A TR LIRSS AFETE /DB R B (R T A58 30 551 58 B BRAR A e T A B B (A 2805 3
AOTR ) S R EIRM IR, B IR ARE A M HITER S

®1 RAREANTHEROSEYS

Table 1 Categories of anthropogenic disturbance variables recorded in plots on Tudiling of Mao County
FHR3EBE Scale of intensity

FH %K

Disturbance paramelers FE BT It PRI BETH
Undisturbed Slightly disturbed Moderately disturbed Highly disturbed

B E Cover (%) > 65 30 ~ 65 15~30 <15

TR i#F Disturbance trace

N % ¥ Paths in plots 7t None 1~2 3~-4 =5

AR AE Stumps J None 18 . Occasional AT Frequent FEHE Heavily

HEFR Wi FL Cutting branch J None 18 W. Occasional $i % Frequent F-E Heavily

W Slope 45~ 65 30~ 50 15~ 30 <15

1.2.2 ZREENTE

(WEBEEMNTEARN:

FAREEME - AXMEE + AXEE + AXEHE)?3
AR EAREEME - (HMEE + HAXEE)2
()ERFZREM 5 PC-ORD4A.0 B4 #1T TWINSPAN 432
G)BHENLEEZRENE BRETRE. EIRE5NSETRESEERERTITE .
D = >)W.D,

X, WHRES MRUSHERINONSE, D, I i MMREKNEEEER(I =1, KB
(1032, #AR ()3, EELE(h)

AN S ¥ 8 RN 2HER LV E 3 BERNES S50 0.50.0.24 F10.26,

(4) Y %p 22 B MRS OO 2

Shannon-Wiener LIS (H) H = - SP,InP, g(

Simpson ZHEIEH (D) D =1 - 3P} ‘G

Pielou ¥ 5] ¥ E, = (- SP,In3P,)/InS

BIEH HIl SERE”  E, = [(1 - SP)/IZP) [1/(exp(- ZP,InP,) - 1)]

FEEMMB(Richness) R = § 1

Kep, P, HYF X EEM, S PR B b
2 HR s i
2.1 BHAMBRAKBZRENE '
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REFTHEH, BRIBETREEERAD R USB 22#, BHEESHAMA A FEM
(Rosaceae,38 #) ., %4 #} (Compositae, 27 ) , Z & &} ( Caprifoliaceae, 11 ), A & F+ ( Liliaceae, 10 ) . £ E #t
(Ranunculaceae, 10 7 ) %% .

iz PC-ORD4.0 BXHF, L 54(RET7) x 242(4 7)) BUAR S e X 7 B 3t W VR A 4 34 AT T TWINSPAN 43
K HEEXBRBMAEER, SUTRERNBEFT SLEME S 54 MEFBETIARUT 6 2589% .

L.BGHERTHACERMSE AXETHX, BEZIEM TR, EABIKMMANINE (Rubus
setchuenensi ) F14H M /NBE ( Berberis poiretii) , 5 4% 2R ¥ FE #8 B ( Thalictrum delavayi) 18 B ( Carex spp.) 51k
#.1 ,IEH@%%W?P%‘%MVA%MM,ﬁ%ﬁﬁii&ﬁ&ﬁ%‘ﬂ,#%Fﬁ&tﬁiﬁiﬁﬁﬁid\,Eﬁﬁé’lﬂﬁ)%&IZ
Bt AR THOER HAF)VBEK  BHENLTEMANGER. ERARNEBIREH EEBREHAIRTES
( Fragaria orientalis) FER ( Pteridium aguilinum) o Il , AR LW AT REBK , EARE RAATIRME R, BHE A B
AR ZBIR A AER R THBEERK, BERUBRHLE EARRAN)E, EEREUEMN
( Plantago asiatica) F1JETH /R BRAE( Rumex nepalensis) RILEF . IV, AR ILMBITEN, A FTHERK, B R
HEMAZHTH, ERBRTLELRAERMOER. BEAREREF A NEREE (Corylus yunnanensis ),
HARBEEEMEBRK. V, ENRHIERILNR, ZERE TR, FAREREFIE LR, BEREEEHHE
BERZLIBKRFESE (Polygonum viviparum) MIBHE AR FH . I, A BRETH EREHHE, ERmHLHH
Mo FARUBREMBALLR,NNENEARRES EERATEREEEER K. SHERBEER
%2,

# 2 TWINSPAN R4 H7 6 KB R BEARE
Table 2 The characteristics of 6 communities on Tudiling of Mao County, Southwest China

BETETRIE B 7% 25 % Community types

Community features 1 Il m I\ Vv Vi
A Area(m?) 600 600 600 1500 1200 900
i3 Description # A Shrub M Shrub WM Shrub A Forest WA Forest HiAK Forest
HE Slope(®) 40 ~ 55 10 ~ 25 <10 45 ~ 60 35 ~ 50 30 ~ 40
W Altitude(m) 2230 ~ 2250 2100 ~ 2120 2080 ~ 2090 2120 ~ 2150 2125 ~ 2140 2200 ~ 2220
FFAREEE Canopy cover( % ) 0 0 0 70 ~ 90 50 ~ 75 25~ 40
MR % Undergrowth cover( %) 65 ~ 80 25~ 35 <15 20 ~ 40 30~ 40 50~ 70
F {353 Disturbance type JC None ¥ Moderate  E ¥ Heavy JG None 2 Slight BB Slight
EHi 173, Regeneration type A #& Nature AL Arntificial AL Artificial AL Anificial AL Anificial  H#& Nature
& Density( number of stems hm™?)
SEAEE Stand density 0 5 0 1987 1012 310
A % BE Saplings density 360 108 54 1005 1156 413
48 B Seedlings density 346 102 89 472 821 296
ExX-9; ] Species richness(species per 0.1 hm?)
FEARMEE Trees 6 5 5 9 10 5
B AT Shrubs 82 88 32 38 58 33
B A Herbs 75 62 50 4 41 48
1 A T 2 Y Annuals and geophytes 23 22 26 14 17 19

2.2 KRB PORR AR R LA SN
R AE TWINSPAN 4325 i & BFVERE 0 BB, EAT SR SR MR T4 2 SR 1 LU AT, 6 S8 TE v B0 TOH¥ T AR
Jy 600m’ AP AR AREE S B B BN R M MR T HEAT B ESETT . B 1 R T LR AR R 6 KK

BRI

TG IKE RN 6 RMENEH S B ESHEZRERR. EANET BE I VAREHH
% EEE ANENSHAEREEE BEIRATREHE SHERBELAR TR HELRLTE,
FEE WOENSREERSRK. M THERBETS, BEN . VAIAIRERE ZHFEHE, EHA
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Fig.1 Diversities of 6 communities on Tudiling of Mao County

BREZ FARBAERK BEN . VEAEHEESR HEVERERR MEENFEEEANERME. #E
VIANEREHHE, SHEAMTREARARER EREIHOEER. ARARENSHESHIERE
BEANER  EREFERERSEAZRAWR,
23 WEAFEBRO YR E B

MRIRE, REGHRBERAZHHEHNE - YR FEEESERAMTRTER EXRE. NEX
BWE & SHMHEBMYSERS, FEERER@ M) HEN.NV.VEEEEHIRZ, B 1Y
FEEBRR,ESBMHEL VHSAEER FEE HNEHRK. S TELR BEIYHFELHEUS
) EHEER BELIVHEZEGCOR) BEEEMK, BN NEGRK, BRSHE T AL, FMERH
EXRMK, RAREN . VHAVRARAR, N . VHIAEREHEHERSK BHAD & THE .

¥ ITHRFFRHEDESHUNE
Table 3 The characteristics of diversity of layers for different communities on Tudiling of Mao County

¥ 5] BE 15 ¥ Evenness
B Community 4¥ 2 Layers FEER SWHEHH Simpson 84 D ‘ P
1 2
FRE TL — — — — —
1 BAE SL 49 3.5608 0.9600 0.9149 0.7019
HE4&E HL 45 3.5457 0.9640 0.9314 0.7954
AR TL — — - — —
I} EAREZ SL 53 3.4524 0.9433 0.8695 0.5441
BARE HL 37 3.3924 0.9575 0.9395 0.7840
AR TL — — — - —
I BAR SL 17 2.3488 0.8687 0.8656 0.6143
AR HL 30 3.1079 0.9443 0.9138 0.7632
KRB TL 7 1.4894 0.6915 0.7654 0.6527
) HAR SL 30 3.0017 0.9258 0.8825 0.6526
AR HL 34 3.3007 0.9535 0.9360 0.7847
feARE TL 8 1.5197 0.6695 0.7308 0.5673
v BAR SL 46 3.4271 0.9505 0.8051 0.6446
HEER HL 33 3.1639 0.9413 0.9049 0.7076 ,
AR TL 2 0.6209 0.4295 0.8957 0.8747 -
i WA SL 18 2.4427 0.8736 0.8451 0.6580 7'
&2 HL 38 3.3931 0.9573 0.9328 0.7796
A

2.4 AR THIEBEREH KA BE SRR

241 ARTHEBEMEW EHELTARTHREET 4 BATREBERT B LK (K 600m’), B
28R BEN .V UINDAHRAET AR TREE(XE TR —BETR—PETR—EETH).ALEH
ATHEKEE, B2RATARANTREETHYRHSEERENEL, ETRBE(N) 5SRETHHM
BV S-WEHMEEMYIEZFAKR BABRTFHIETR(NMEETEHEL)  RANMEET
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R ANITRERENESFESHIEZHER FEEETRTRM. AEREX 2. X3, BETIRH
RBEELFARR, FARGH SEBRES, BUANEN ABRRFEETEH, BETRYE ESEYP 1 F
AR N SR Y A BN, TEE TR BETE PA 52% , IR BR (Poa annua) \ B4 ( Stellaria media ) \F B3
( Senecio vulgaris) ¥ 1 SEAEAEY)

HAEHFETRBE [ 585 THRBE A LB 30
(B 1,%2.%3), B% [ BEFEEE L, WU ER géﬁ‘— =
I, BhEREERAA, BETREEIARA  §] [
B EHK R 5 A R 0 A SR O IR T 8% 10|
FTRBE 1, FRER ARG E B E RN, L} P
242 FRAEHFRNEN ATRAAEFTRT v v 1 m
MBS, LB T ARER (% T VDAL s(‘)‘; -
WA (BRI VB ZHEHRE (8 3), WA E el
EHTAMETRIESE A TREREN NSRS -l
SERERET AREFRE 1 ENE LEARME S50zl H H
EAEYMEEENBFREN (£3). HHREAEH Y B S

FRMBETHBHEE, A LKEHE VH Shannon-
Wiener ZHEMERB TEHRETREZEV .. BHFEER B2 +HMTRTFRTHATREBESSFERE

A, Fig. 2 Diversity indices of restorational communities under different
2.5 7[.\. FJ }\ I 'WE E ﬁ?ﬁ g FF,_ ﬁ EKJ ttﬁ disturbance intersities on Tudiling of Mao County
PAE 1 I A TR TS T 8 4 1L A AR (12000 ) 5 BT o g o 0C 0 on
REE KW BV B A TR BT R g 20 g2
(1200w ) HEATHIF B RERE OB (IR 4), S ARTFA, 2 E s
WARER 3 R BREIES 550 B 18O T I, gdsmﬁ i £ o o
IR 452 0 o o 2 - 2 L KA VR TS o L0 =

3 itie
3 MR FHESHHEER
3.1 BEYH LK I CRRES TR T BS
Fig.3 Divemsity indices of communities of different regeneration types on

BABET AEREHRE L VSAEFHHE, &

AR K BTN T, B R

ERAER A E R EIE R KA1 R SRR L A T ARSI B [ R 5
W Fh 2 PR TEEER A B %, P o T T AR IR ) , % 00 622 0 M DA% o 0 2
ST U SR 60 B 5 AR B AR T & S RO A AT T IR, A TR REVE I B 40 i 2 35 26

B A2 Tree layer N MAJZ Shrub layer E A Herb layer

4 10
# S 08 X
B2 gs N
: 3 N 4 0 §
BE 21 =] =8 \
8 & §\E HE 04 \
= N
Eo \\\_—— gﬁ \ =
mg 1r = 5 02 \ N=
0 0 §\ L
1 2 1 2

B4 ARRBKERE SHHE

Fig.4 Diversities of restorational communities in different regions

1. T A T4 LI #8 Bk Pinus armandii forest in Tudiling;2. %= A TI##K Pinus tabulaeformis forest in Lannigou
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B, S E MR AR BRBETRMEERK, RIS RN RLRBE, FEAENXHERTRARH YR
FEESPREE, BEBATE, B, FEE SRS EREERE" Y,

SHTFHEABEATLKEHENAVOLHEAERINRERRN B, AL T 8 2 50 60 88 v 41 o SR Ey
B, AABRMEFEERA, V(1987 #-hm *) I V (1012 #k-hm™*) , EHABBR K (F 2) , T A Z AR 5
ARG, FTAERAYHSHENHSBHFEA, HAREBRE""Y . BETHRBEVOREEEETE
FRBETEN ,3X 5 Sheil F Bhuyan BIBFFTLE LA, BEATREA N B E TR TH AT M/ DKEH T b
AT MNTEHNFELZYHEAAGEEE", AREFBETRREVICEERANTAR, Sk
RS EEEREBRIELRNNERERLBELOSH) ;BB VIERZEEEE SRS, THL
HTFVIFREHEENR KERRER TR EARZNAAYH, B LEYHELEE ()% EHE
%), RN AEERT FERTEMRE, PEMOERESEE  TEUHFRART. BREEVEKR
BYOERRK,BHEFKRABEILLSHBIER SRS, WOEERKERS(0.8957), A A HELREHY
LA BORETE VI SR ST RS FRUBI MRS . e TT0, B ER & RS B AR AR OB L SR A 5 Bk
MR EREME, BB THEST, TR TRAEWRER  ERHTEAKRIT, IR HITTRHE,

BABESARSREESHSERERENATER , A—EBE LR AR RN T IE A L I AR
PR EERY,

KEEHRRTARZEENHEYH AL SRS RTEA EXZ, RERBEN S, WA ¥R
FHRBEMBFLEHBEA BEE TR EYHFEEESEHUEEBRR EANBORESETRTH
HEHERRY EAEZRENELBRARETR™ LEKBE V" NRE=ZEE54ERNER, X TFELR,
BEIYHRETEENESHEARS . BENOHEZTECOMRH) SR ERM, BE THEM, THE,
ZRMMB OB RGFEK. FPELAZSHEEMTIREEAFRRIEER/DN XVHEESFEARZAKP TR
Bl RIENMAR TREERIFENYHAES RIRE EMERRRFSIEN. WEFTRHEES—F4H
Y5 T MW EEN, R O R RFNEFEAEERE D, 5 Todd L RMEY X 23 B B
=T WA W o
3.2 ARTFHREEFHRFXWEmR

SHFATHEMNE, EETR(BUIR RS )R, SRS ST RHER, MG RER D
HEEBTHXE A LR RERBEFR™ERR THEHARSEH BT TEREERB LR
1 KV IR /Y B SR B , ST RE S AP AE R AIR R A M R aE, MU S B R T R I TR K
BRERBMEET LERE XHAFTOREE BERBHNEZEEERF. Comel™ B H2EFH)H
BYMERH ABRMARBYMNEHEEREERWIE , ATRFRERANEETHR TEEESEHHAE
BOXUSHERRERER" ., BEAXE TR EHESEEZH, BRETHRMALIBRELSESE TR TY
W, TR FHT YR BN LR MBERSENSRE (L TFEANED .

FEAREFHE . BETHERBEVFEFEESHOERK, BEEFEREN. BRTEERNEE THEE
BRI, BEEREHE, ABSEFANTYMHER ASHNDR SR ER, ;

BREX, AFRTHRE LM R RERESEOT AR R R B8 T S S S M E %
T ATAF FREEFABRNEREES BE TR THEEFEFAN, BLEETAEX(ATISA g
REH),FRTEENRNERE, KPR SNER —ENE, SR REARE THRELAEAH >,

AIRERELRER . BRXEIER ZRAEER LAREHBREY ., FHlk, AR #ETA LAY
WEANTHFBRENY A EEE, B ATHERTRESSB—HAMMPEEL, USHEE U EkEE
BREGEREAMESNYHEEF S EEMEY ANERER ST ENGH FELSEI EENE
Mo UEHERRMBHEERSNTBREEIFMHEERKERRSENER S,

3.3 BEHBESHRARR
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NIBEEEHBELAREFREERY ETRRBETHRA THEANS RS, EH 4 E NN
F, B 240 FRE K B o0 B AT R IR vE 4 M AKBY B, X IE 40 Onaindia ARG R EHER MNP ETAR
YHBEEL BETHHETRR, BEEEERNNRESHEES. RN, W% LEHAE—ER
BB H B 42 ( Picea asperata Mast. ), Bl 3 BE & AR A1) B 38 0, T B M9 = 2 K S B BT B BB IR R 6 0t 4 b, SE
MRS AR L. ARATIKERE™ BN B—FURHER—Z2 BEK, AREF R IE
M CFEH— /N AR (REAR ) — 4§ IR R — S A2 K2 Ak, B R EH B MR BA R A B, B REE B
RETHRTUMREEZEAR, FEE LNFEEEKEMNEFIRTAREEEE SR, BRTHEH
HRARER, KPS FREANB A SR ERKOERRA.

T A TIRE R TRELNBESEZEZHE S AERE TERBERBRMRARE  MRETAR
RE2M AREE FUNHEFRARHMERE ZRESHNETER,; B8 14 LR B ERE K F
PR E R VR W AL B TR T K, (B — B R b BB AE TR B LA L AR (T AR O 32 K S o B K SRS A XS T DA A
BATH RS, BEARE FHRBELOAWE, TTHRESE TN TR 4K X B & EREK(50%
PE), —EREL AXEEAEREBRBRERWEBEEN . #TEBRKEFNEZ B AR K EHR
R, ENE ERE KA R IR ERE , G S MM EHITIRE, I EEF AR R E RN YR 2
FEMEFERER
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