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Abstract: Vegetation restoration is the key step of desertification prevention and ecological rehabilitation in the karst region
in Southwest China. A sound understanding of the vegetation composition, species diversity, and structural variation with
succession is of great significance for vegetation protection and rehabilitation. However, until now, a systematic synthesis of
information was not available for this region. In this study, we thoroughly collected the relevant data from the literature and
unpublished data from Huanjiang Observation and Research Station of Karst Ecosystem, Chinese Academy of Sciences. We
then systematically analyzed the data to determine the dynamics and driving mechanisms of plant community succession in

the karst region of southwest China. To facilitate the analyses, the whole region was divided into northern subtropical, mid
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subtropical, southern subtropical, and northern tropical regions. The height of the plant community and vegetation coverage
increase in the mean annual temperature and precipitation or with a decline in altitude in subtropical and northern tropical
regions. Along with decreasing altitude, community structure improved, however, the community density, number of
families, genera, species, and diversity decreased probably due to the increase in landscape homogeneity. Along the
succession from grassland to shrubland, shrub/arbor mixed woodland, and to arborland, the height of the community and
the coverage increased, but density decreased for the entire region. The number of families, genera, species, and diversity
increased along the succession in the northern subtropical region, but these indices reached maximum in shrub/arbor mixed
woodlands in the remaining three regions. The vegetation succession and distribution pattern were the result of multiple
ecological processes including species evolution ( speciation, migration, and extinction) , geographical differentiation and
environmental factors (e.g., geology, topography, climate, soil) , and other processes. Under the impacts of natural factors
(soil, climate, topography), human disturbances, and other ecological factors, long —term interactions among plant
individuals resulted in spatial and temporal variation of vegetation distribution at different scales and levels. The main
driving forces of vegetation succession included biological factors ( microbial community, physiological ecology, and growth
characteristics of species) and abiotic factors (e.g., landscape heterogeneity, topography, physical and chemical properties
of the soil) and their interactions. The constructive species and key specie were variable for different successional stages and
regions. With vegetation development, the climax species became richer, and the key species had a tendency to be more
advanced, large in size, and long—living. The relationship between stability and diversity of plant communities was more
complex. In general, along the community succession sequence, the stability was greater for the climax community than for
the earlier succession stages. However, although plant species diversity helped to sustain community stability, a stable
community was not only controlled by high diversity of plants, but also by reasonable community structure. In the karst
region of the Southwest China, vegetation was found to degrade more easily than to recover, owing to the dual karst flow
systems, high landscape heterogeneity, and fragile ecological conditions. In summary, the present study thoroughly
synthesized the information in terms of dynamics of vegetation composition, diversity, and structure along with succession
and the underlying mechanisms in the karst region of the Southwest China. Such information will be useful for the vegetation

protection and rehabilitation in this region.
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Table 1 The basic situation of the study area

IR/ C
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1.1*?'.? Hb HJE N L TR m + 1% Average PR
Climatic . . Latitude and . . Annual
Location Terrain . Altitude Soil annual L
zones longitude precipitation
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5 R =5 2010—2: j 13. 1332
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FMNMEE IR — ) .
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Table 2 The families, genus, and species of communities at different successional stages in different areas

TR F Family J& Genus Filt Species

Community types I I IIr v 1 Il i} 1Y I I Iir Y
M Grassland 31 11 23 12 48 20 40 21 63 24 45 25
M Scrub 41 24 26 27 78 35 40 42 93 40 42 45
H#ET M\ Shrub plexus 63 49 50 41 121 84 70 61 176 101 79 65
Fr M Arbors 74 50 28 33 143 79 37 44 212 98 41 56
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RMBETR . 2T =202 )1 8% LLB R AL & ( Platycarya longipes) 78 M £ 8 ( Lithocarpus confinis) | L ERU
(Itea yunnanensis) %A ( Machilus cavaleriei) FIH AR ( Quercus aliena ) i A S5 F0 ) H 25 75 - [ TR 22K
W LB T AR B A AT S5 A ( Pittosporum brevicalyx ) BESARY ( Celtis bungeana ) FM# ( Celtis sinensis)  Jil #k
( Kalopanax septemlobus) .2 kWi ( Rhamnella martinii) Flz 5t RS HA)j ( Carpinus pubescens ) 55 , FEARJZ LIS
SZ% ( Rhamnus heterophylla ) 8] 9P -1 15 A€ ( Stachyurus obovatus ) ) 5 M AE ML ( Zanthoxylum ovalifolium var.
spinifolium ) | J M 5 4% ( Rhamnus leptophylla) /N2 % ( Smilax microphylla) FI/NF 355 ( Rosa cymosa) L3
A, H UL S At AR B b A A 51 M AE AR ( Zanthoxylum bungeanum ) | i A ( Daphne odora) | IR 2 F (Llex
corallina) B # ( Lindera communis) 24T ( Myrsine africana ) . 2 % 3% % ( Smilax glaucochina ) F1HT F A
( Campylotropis macrocarpa) 55 , A JZ FEA K P EH 225 ( Carex lanceolata) T B ( Senecio scandens) 3K K
¥ ( Oplismenus undulatifolius ) | & W 111 22 & ( Liriope platyphylla) . + 52 ¥ ( Carex cruciata) "B HE & 45 ) Bk
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( Onychium japonicum) . = ik %5 56 ( Aster ageratoides ) . ¥t & FLBR ( Polystichum tsus — simense ) . — £% JL " %%
( Epimedium sagittatum) ¥4 %L ( Rubia cordifolia) . 73 8¢ KM 1% ( Spodiopogon ramosus) \ K JE#A FE ( Thalictrum
faberi) F1H] 2£ B 2 (Arisaema penicillatum ) 55, FEAALY) £ 2 A F AL B 5B (Millettia dielsiana ) H e
( Periploca calophylla ) . 5 W € 1L F& ( Parthenocissus heterophylla ) . ¥ #5 #& ( Dalbergia hancei ) | %8 1€ %% 1
( Trachelospermum axillare) NERERLRSE ( Clematis uncinata) M ( Ficus tikoua ) FI'H 75 18 ( Hedera nepalensis var.
sinensis) 5 . MTF A A L FEAKEREZ, (Ficus pumila) P55 IKAE (Pilea cavaleriei) Fl iy 41 15 & ( Lysionotus
pauciflorus ) 55 28 3% o5 #) & A5 W VA X A1 F ( Pyrrosia lingua ) . U35 ( Lepisorus thunbergianus ) . #1 1 3%
( Lepidogrammitis drymoglossoides) . Vi’ 4155 ( Pyrrosia gralla) . 2% 248k f Bk ( Asplenium coenobiale ) F1 I /& Bk
( Hypodematium crenatum ) 55 BRISFEY)
312 A

FRAIEEGHT 2R XA X PG I VT R bR IR K 2 B 46 X ( Cyclobalanopsis glauca ) B il ( Itoa
orientalis) . F TR & ( Choerospondias axillaris ) . 4= 4£ K ( Eurycorymbus cavaleriei ) | 17 2 1t & # ( Platycarya
longipes ) . INBE AR ( Swida paucinervis) | BA R 2% ( Kmeria septenirionalis ) . A0 ( Calocedrus macrolepis ) . =i
( Pteroceltis tatarinowii ) . 8k #i ( Sinosideroxylon pedunculatum ) | 7~ % vi ( Ligustrum japonicum ) | 7|\ I 28
( Boniodendron minus) %" K ( Handeliodendron bodinieri) 3% 5.8} ( Radermachera sinica) .J” V9% 46 ( Rapanea
kwangsiensis ) M&AK ( Loropetalum chinense) %5 ; #E AR )Z F EALFE U ¥ JZ ( Clausena dunniana)  JLEFF ( Murraya
exotica) \F M 7K B ( Debregeasia longifolia ) . H & M 45 ¥k ( Callicarpa longifolia var. floccosa) | 41 L5 ik (
Boehmeria strigosifolia ) . B X 1T ( Nandina domestica ) . 35 & K ( Decaspermum fruticosum ) . 4z ¥ ¥ ( Rosa
laevigata) ZE-W ¥ ( Bauhinia purpurea) A1 5 W ( Mallotus repandus) ‘KK ( Cirardinia suborbiculata) (2175 111 bk
#F (Alchornea trewioides ) 111 %4 ( Sapium discolor) Ft:ZE 111 ( Maesa japonica) i A ( Tetrapanax papyrifer) 55 ;
AR JZALHE KA IKAE ( Pilea basicordata) ¥ & ( Metabriggsia ovalifolia) IRTTM ( Lophatherum gracile) |
£16 | W Wk 0 5E (Aspidistra elatior ) | K i B ( Polygonum chinense ) . . 13 7= ( Miscanthus floridulus ) | & Bk
( Nephrolepis cordifolia ) . % ¥ ( Selaginella tamariscina ) . T B ¥ ( Senecio scandens ) . B £k 5 ( Scleria
herbecarpa ) %% .
3.1.3  FMARAT

B I AR 2 XA DT Y L B bR b A R 2 A 19 B, LU XIAR R R A 8 41 W (Adenanthera
pavonina) A ( Machilus nanmu) FIALAE ( Lysidice rhodostegia) N+ . HEARJZHIFPZRILT 24 Fl | FELITTAY)
B AR, FEA T XIER P8 R LA ( Camellia pitardii var. yunnanica) % JIX ( Desmos chinensis) 415 JLY
( Psychotria rubra ) | %Y *ﬂ ( Mallotus tenuifolius ) FNE A Jy 32, FEASJZ 09 00 S5 Fh 43 51 R HH 2 30 5L (- Preris
multifida) . 16 74 W 4 V> ( Lygodium circinnatum ) . JK ¢ ¥ Bk ( Polystichum anomalum ) . % 5 ( Dioscorea
polystachya) WM ( Selaginella delicatula) | 32 ( Pseudodrynaria coronans ) F176 Fg 1 4 V> K ¢ B | A
% U5 5% ( Lindsaea orbiculata) FA= L 42 5€ 2% ( Chloranthus spicatus) .
3.1.4 Jui

Fb Ry 2 R DT PG 5 1 1R T SRR A A A AR T ISR i R 45, 45 41 s 0 A7 ) v P A 3
F1an . R4 ( Cephalomappa sinensis) A ( Excentrodendron hsienmu) A8 A ( Cleistanthus sumatranus) | 45 2
2% (Garcinia paucinervis) SRR AR 7518 B9 A AF AR BE A N o BEAE I [E] AU HERS | 33X 2k rp MR B 1 %)
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32 T
321 JbWgRAt

Bt BT T A2 S IR ARV 320 ) A AR B — S B B, A BRI A | VL R
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B BRER ( Quercus acutissima) MR KM I 2 Bk FL )1 #9485 ( Lindera pulcherrima var. hemsleyana) | %5 It
AERIZE (Prunus salicina ) 55 ; AR Bl 32 B4 /N L 385 2 S B2 o B2 80 B0 b R T K L BT O R AT
( Myrsine semiserrata) \BARAZH FEMFHE (Sageretia thea) FTUFHS JIHE ( Corylus heterophylla var. sutchuenensis) .
) S I AR A IS R A 23 AR AR ( Myrsine verruculosa ) &3 ] TR JZ AW F A P AR EE R TG Rk A
2 TS X S HR EPHERE SRy R | B ( Hemiboea subcapitata)) I3 BN SROKF 7 228 =ik 5
36 FI & M EL 7L ( Carex ligulata) % 5 A0 EARK G KA B9 A7 35 FIHEAT 5, A Y) 20 AL B Ve e B Al |
TR SR SR LI PR AT SRR AT
322 AT
JTVGIRLEL T I\ 22 O A A 1] 9B DAl I B B BB, A R 2 S AR A A B AR /A AR R (Alangium
chinense) /N4 U1 ( Ligustrum quihoui) ERRRA ( Rhus chinensis) \JK B M ( Cipadessa cinerascens) .2 5HY
A LLUAR ( Ficus virens) S5/INFAR R 3 HEARZ MR A B 2085 1LRFT K FEAR (Xylosma longifolium) |
FEZE I H 4% ( Rhamnus uiilis) 20T CEEH KA (Saurauia oldhamii) 9 #E ( Paederia scandens) A7 LI
IR R BK ( Oreocnide frutescens ) %5 ; BLAN )2 T BAUFE R ZE A ( Jasminum officinale var. grandiflorum) £F EHEH 5
(Murdannia triquetra ) | ik ( Pteridium aquilinum var. latiusculum ) | 7 ' % ( Oplismenus compositus ) | 15 By B
( Ophiopogon bodinieri) ¥EFAH ( Elatostema involucratum ) , T-HLG KW ( Equisetum hyemale) 55
323 mMEHRAE
I BT AIEAT 26 i, A KIAR B4 G 79K ( Picrasma quassioides) 8% ( Diospyros eriantha) | J&
5CHE ( Cryptocarya chinensis) KA ( Sapium sebiferum ) | J& 2 18 ( Daphniphyllum oldhami) FIYAE R 3 HE K ZE 1Y
i B &, 3 51 M, EEAEF KBRARE T JLAT . M KR #E 5 ( Embelia rudis) . J&. 70 i ( Bauhinia
championii) By bt FEZEIL KB (1125 (Camellia japonica) FNFEL L ; AN JZ R PLH -5 B L .
324 JtHi
PGS R HE T A THEAR B fE S ARG ARG IR R SR IR SR — DA B G L SR A Y
AP RS . AT 5 ( Zenia insignis) 5K ( Deutzianthus tonkinensis) G ( Diplodiscus trichosperma) ¥ [
W) ( Pterospermum. heterophyllum ) SRR DAKR R 4R, BHPE TR AR R A 1K BT AR FRAR
33 N
331 dbiE#hy
St B A 22 Sy W IR AR S ) TR SR RE DA [ T AT B B B, DA/ SR #5 4 KOBE ( Pyracantha
fortuneana) S ERZE BFK T ( Elsholtzia rugulosa) TP FEMU( Zanthoxylum armatum) ROEHEFR , H ILAGHEA
WAL A 75 H 25 (Serissa japonica) 2 /5) JLAS ( Berchemia polyphylla) 25 ( Indigofera pseudotinctoria) IS ERIE
3% ( Viburnum foetidum var. ceanothoides) AT #555 ( Elsholtzia ciliata) \WP1E554:%5 ( Spiraea chinensis) | 85 JJK&F
( Rubus xanthoneurus ) . 4= 22 ¥k ( Hypericum monogynum ) . B 3% ( Coriaria nepalensis ) . £1. W K 2& F ( Litsea
rubescens ) VL ( Brandisia hancei) %X 5% - #% 1% ( Rosa henryi) W B2% BT F 84 . 8 & ¥ F ( Cotoneaster
adpressus) KK S &4 T 5% (Rosa rubus ) 55, Fr AR S A, 28 B AT DL 22 I A L 950 BLUOR) | 4 B
( Broussonetia papyrifera) F#¢ ( Toona sinensis) FRIRA IR E W SE, HARYF £, TEAET
¥ ( Themeda japonica) . K% 51 22 B Xt & HBR . 8 0 0L B (Arthraxon lanceolatus ) . = ik %8 5 . il #F + #
( Capillipedium assimile) . T- ¥ | AR F 5 ( Bothriochloa bladhii) . KT % ( Gerbera anandria) 4135 (Artemisia
japonica) HEZ ( Viola verecunda) \ 1175 BYIR (Justicia procumbens) ABAS ¥ ( Eremochloa ophiuroides ) FNiH /A5
( Taraxacum mongolicum) % o JZ BRI FN IS4 /D | F 245 IR ( Ficus tikoua ) FITE % ( Vitis heyneana ) %,
332 HiE
UV R UL BN = A R W (Jatropha curcas ) . FA AT ( Fargesia  semicoriacea ) | 1 Al ( Phoebe
kwangsiensis ) EIR ZLE LLRRAT R 8 F B 0B OHLBE 28 ( Mallotus philippinensis) WS A 8.2 T ( Glochidion
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puberum ) MLM-B:4F ( Rubus alceifolius) A ( Miliusa chunii) 2R JKAEEARLE ( Cleidion bracteosum) A1
LI R B 2544 ( Sapium rotundifolium) AR3ESE (Sterculia lanceolata) K JEMFEAK (Aralia dasyphylloides) |
Z ) ( Prerolobium punctatum) /IN25 K ( Micromelum integerrimum ) %5 ; WA 2 F2A AT 15 B F G & VD
( Lygodium japonicum) | B ( Selaginella uncinata ) | T B 5% B 5 ( Pueraria montana) '8 Bk . = A HAT
( Microstegium fasciculatum) 2515 ( Neyraudia reynaudiana) MRWAFE ( Eremochloa ciliaris) £F B H4 /D&
AP FIELFE Y SE 22 ( Sterculia euosma) MFAAK ( Bridelia retusa) 38528 /INF M ( Mallotus microcarpus) | JFRBER
( Chukrasia tabularis) JBRASE
333 B

PGS BB BER R Z R e E w21 Bh DUEEIR) S MR L 201 LI RRAT Mo Bk AE ( Urena
lobata) FIAERI ( Zanthoxylum bungeanum) A, HENB B AL IAFIAT REEL (Arthraxon hispidus) (& HEF5HT /N
W3 (Lweridium dentatum) 2755 ( Caryopteris incana ) F15 5 Z% ( Cyrtococcum patens) ,
3.3.4 ey

J VG B AT A T2 DR ) E A B [ BeOh 2 R RN R e B — & I BV BB A5 el T
AW 5B W FRET K AR T e S ) o B AR T A B — R 1R, — LR B G BHMERE AR A R ) s B, 49
WYE( Mosla cavaleriei) | 111 45 18 ( Catunaregam spinosa) . ¥ JINEj ( Oxyceros sinensis) . &7 ) 1€ ( Orophea
anceps) S| IE I ( Dracaena cochinchinensis) %55 — %655 FOIR AR T BHE R0 A (AT DA 2 BN Bz 1) #E DA i
B ny i ) R B ), LASHEAR JBEARE Y RSG5 95 U0 SO HE A o X B Bt ) A R AE 2
A AR R HE B
34 HM
3.4.1 L

Dt B AR P 2 A WK S R 5 R S D 06 [ B, DL B B R AT 22 55 58 55 ( Heteropogon
contortus ) FIFEM 1L Z2 2 AR HFP, HAw WWE A Y F 2 A A RB 5 A3 QW ( Capillipedium
parviflorum) T H G AR FE ¥ 5 ( Thalictrum minus var. hypoleucum ) 414 7 2557 ( Rabdosia coetsa) K G HE
( Leontopodium leontopodioides ) 7 M IRCHFISEFHE R SR AF . FEAR ELLRHITHY 2k | BBy 4k 55 4%
INEEARBEREAR
3.42 iEP

TP VLB BN FE AT B ( Saccharum arundinaceum ) 115 (Imperata cylindrica) (&4 F577 5 48
3 (Artemisia subdigitata) \FEWk ( Cyclosorus interruptus ) A%z 5145 ; BN N AR AT AR FR A Urak MR ER Ik
AR KR B3 AR ( Flueggea virosa) %
3.4.3 BT

JTPE S I B R AR Sy RAR TR e SRR R R BN BOEAR TP R A 26 Fh A
BFP R I % BRI ( Berchemia lineata) %54 K ( Cratoxylum cochinchinense) A% H ¥ ( Phyllanthus emblica) | X
¥A ( Baeckea frutescens) |75 i 4¢ ( Tirpitzia sinensis) M5 A5 ( Sida acuta) .
3.3.4 e

JUVE S R R AE S A TR INTE A AN TR LT, i e AR A AR E 0 AR ST
( Plumbago zeylanica) JWEZL#I] ( Ageratum conyzoides) % 9K J5—S6= FH (i 52 Prdi P om B9 A Y, . KL
B ( Eupatorium odoratum) & HEFENT FAZEA | BRIGIE NS AT 1L 5 BREEARAR A N8 Js | IR L H %

4 MFhZREME

W S 3t A | Mg A4 PS5 14 A AR 5 0 T 7 935 2 i, FHE 9 A9 W b 22 R P04, Wi S8 b X AN ] [XC
B AR B B A RZ R IR Z B EAR] (R 3)
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Table 3 The species diversity of different successional stages in different areas

T A FHEE TARAEE FE R IE R B oy R AL
J=K Community Richness Shannon index Simpson index Evenness index
bavers types [ o mw v 1 o m v [ I m NV I I m N
FARZ EM 32.00 7.67 13.33 4.00 3.51 0.87 1.28 131 0.85 039 021 035 070 0.38 049 025
Herb layer TN 53.00 5.88 10.67 2.00 4.36 0.99 1.02 0.68 091 046 047 0.19 076 0.54 045 0.13

HEIN 46.00 6.67 633 400 486 138 1.29 1.31 096 0.65 0.37 0.35 0.88 0.77 0.73 025

EILN 48.00 5.17 2.00 20.00 4.58 121 0.45 285 093 0.63 042 161 082 079 028 0.54
HEARZ 9N — 333 14.67 21.00 — 048 2.08 278 — 024 042 141 — 025 0.78 0.53
Shrub layer TEM 23.00 13.33 11.00 43.00 3.78 1.65 1.43 337 091 063 038 0.63 0.84 0.63 0.60 0.64

T 26.00 21.67 30.33 31.00 3.24 2.55 2.84 322 0.82 0.85 0.07 236 0.69 0.83 0.84 0.61
LN 15.00 13.83 13.67 27.00 2.74 2.19 199 2.82 0.74 083 0.19 1.18 0.70 0.86 0.77 0.53
TR WA — —
Tree layer HEM 5.00 12.00 — — 1.73  1.93 — — 0.64 0.80 — — 075 0.78 — —
TR 14.00 14.50 19.33 30.00 2.06 1.71 1.95 2.81 0.58 0.68 026 1.07 0.54 0.65 0.66 0.49
EIN 14.00 17.50 12.33 9.00 2.64 1.53 1.58 1.69 0.72 0.47 0.30 041 0.69 0.43 0.63 0.30

NN R S R e R L e Bl e

A Z I F S AUA F AR > R AT > B S JE T b b R A By | RO B 22
SN, B Al e A e iy, AL AT T DA 8 5 REAS 19 2 R 1R BOR A LR b S BAHE > LB > B I AR > IR
I BRACIHE T A B R A1, At DX B IE T DA 18 2 R 18 K s i v RO L S e e i ik B 5 2
FEPEAREC

TEAR)Z AP A E 5 1 S B A S IE I RAAT > B ARG > o BT | B b B 79 DA B Bt = 4
AR B Bt LABE TR DA R = T B d s s TR B0 2 AR PR i I PR RN IE S PR 22 IR O, EL S5 7 A
W Bdw sy, WA e T R R R PO RAHS | Rl 3R R RO RS LATE T AR R s TEAR SZ A I A A L3 A
PR L DLALIAT e, AL (AL AR

TeARZ PRl = BERE G LT | R SR | o R 38U SRR IR B8 7K 4 1 it v 1T 328 ¥ K, e
b O RAHFRE T ARITT AN 22 AN K (B 1 S AR AL P T AR Wl = 2 B 084 1 s T AR = B ) ol
R B RS P M I ey KT b R AR, HE P BRI B E T A B R AR R s A, oA 3
A DX DLE T DN b R A R, B 10 38N R o g I PR SRR 2 A, A DX IR A [ o B A LA
NG

5 BEEE4EW

AT T4 110 1 B8 2 PR B3 B S VK, TG i s ST R A B B G HAy o I AT | 7 S 3y b [l R AR
Fh e BT B G A | B RIHE A 25 S5 (ELTE T AN e DA 490 %) 8 38 0 3 o, JHL v 75 A 1 82 40 331
o} 7.85.8.74 11.51 m; £ DX IRl A A E T N T A [ R , R A6 11 o 3 B S 1 in (36 4) o R XA
v 6k 5 o S A R 45 P 3 3 AR T, g S A o 10 28 L v S AV R G I 3T F i, (ELTE AN TR AT A 25
T IV ARG B S 22 5 AR T] X 9l it e ol 4 O 1 5 5 3 4 S SR i/ N ) A 34

FLITETE B 55 BE 2 A AR R /I | AR T) X3 5 B A AR PR K, (L 36 3 o B R I R A FH B 45 %, R
[Fi) Y6 o B A A 5 110 25 R TR, B AR TN HE AR B B/ AR B R A ) s P 2 v s HE TR A A T v
EEBER/IN, B2 BN I, AR N G BB A 4, A ) T A Bl i A K I DA 28 B B /N (AR R, S e
(F4),
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Table 4 The community structure of different successional stages in different areas

figre | B Density I Altitude S5 Coverage
Community type I II I I I il| | II I
B Grassland 160.40  174.84  183.76 0.83 1.13 0.64 82.00 74.17 81.00
M Serub 23.70 2122 120.80 1.89 2.22 0.92 84.00 82.50 85.00
WEFT M\ Shrub plexus 1.66 0.42 8.36 5.28 5.52 8.61 78.00 77.50 82.00
Fr M\ Arbors 112 0.54 3.19 7.85 8.74 11.51 86.00 88.00 90.00

|1 1 B 9 0 2. A AP N 238

6 EMEEEEEINH

6.1 MRS RS Irn

Hh [ Y R R R OO TR, A R R R R EARES: A SRS T S EOLE AR 1
MRGEAT SEMRBLE 3 A KA E 5545 7 3218 2 R P ) MR A 3 B [ SR, 5 H A A A i
B — A —FE 2R 6 AP B FEASHE VR B B R VR B B VE ORI B B E R VE A B TR U Y
B TR B, HLTR DA I 98 i i 2 i R TR S MO B T8 I K 2 Kb SR BT I AL G 25 R S )
Az AR A R ST PRI T A 0 0L T AR T R P DA ] I R YR SRR 1 S5 1) 45 PR 1) e A ), G
PRI, Z NI RS K2 B0 A B A e R s E i T R X AR R
Z , BEIE NV 7] — VR B B A B P B — 1 T B A A 18 N 1 1 2 S R A B R AL, B R S
Pl kS mh G RD R TRl WU AR 5 SRR

o [ P e TR A T T A T A A ST AT SRS R R BN B R BT A T A [ Y R B
FOBEHR T HE A AS [T R B B4R HEAS [R) ) A R R UL, A6 T8 40 300 o B3 2 e DAL 83 A THUAR 0 | L2 SR 46 )
VAT A 20 A R S R — T IRt A 2 B Bk L 25 DX 2 B R T WA A AT 4 A 8 e LA
Pyh e AR, VR O 1) N B — | N FEASRE V% AT [ 0 S g EE A ERBR TR R MRAE Y B R e, BT Z R A
1 23 T AR B 8 B9 9 7 SR AR MEIE B AN [ B B VR R R R 2B R i 28 D ) ) B e, A 05 SR 1 5 s
PRI S 7 AR R O R T TR A B R ME S TR SR B R RR e R R — R 1
[ (L R FEF A A ) A ) YRR LA 7= A O] ) 1 SRR SO BT R e X T 25 T K BRI
LI R AR 3 ) 3 TR S BRI R P B SR 25 5 R 0
6.2 ISR F 2K

A TERR O 3 7 B 2 B R R S G SRR () (UG R IR B 28 Ak By (2R ) RS — i
Sy, KIREE | A BRI R X R PR E T AR RIS FE S N RO b AR A IR I S A
B AR Ao A i SRy, R bR | - SRR SO R A B 5 e 5 i) i XU RL A YR R A A SR e Y
K2 — AT T =Z (A1 3 R PR BT AN (] AR R N A A A% Ry, v e W TR R B & 5 <0 f BT, 08
LA F R R Y], (0 FELOKh J J i B Ao BbE I | IR e MR G A Wi s R g A
A A R R e A e R0
6.2.1 JEAYRHER

ISR R SC T AESS A W] 5 SR UL TP e R, A e BRER R A B i, R, B
TR A ORI BT O A R A A S TR AN R S R AR R

] Y e S A L S ST e, AR R 0 BT I 1 2 e e (M i A A R T R
A E SRRV I 22 4 7 2R SRE DK™ ok S DX R ASATR, K O T A0, ARUK A0 W J, 5 1 i1
EATRKIRIBELS B 1268 T BT AR DL 25 M ol DX IR 5, A7 M TR A v B A A I
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- HEL T FRAR R AE AR R (0 S 0 B B A B R A s g MR T Y r IV T s R - R
M BRIRER A & & IR A K £ 586 /5 pH (&, ALY HLA RS P R b , 2R R | S R A 55 b
PRI IR & P ARATE I FR AR A, 3R 2 AR GOE LA K A e R R AR 1) S D+
BRI I K—H g BB E B S RGN R M b 3 BRI
MR A R BWAR 6= C )2, R3S A0 2 ) B 4 NI Bz fale, Lo R0 RORG 25 0 22, W ) 7= A K B /K R
Bk Rs ) | onss M H i S O R AR B E R A B R R, LR R R VA T vk s i R 0, R
iR AR 10 LA RS DR AR B SR RE R AR LN RN T SRR o B R AL B TR
AEEE D FE 2L HE 20 1 E 4R,

622 tYRE

FEWI AR S J VR 8] 5 4 Xo R P TR B DG T2, RN B B, 2B 0 2 ) B9 T B 56 R B o 56 R R 11
PERRRZ T KT PR TR A 2 R R 0 e A R AT R BB B, R T IR A R AR
Bl B T R A MU S B AR T pH (AR T AR SO B2 i AR RE RN [ — 2 AR
PR R RE A% B T, A5 25 T ATT RN — 28 HLAT RRIR T RE A S W A7 A AR G R I R AR AN B | PR AR L
B, M TR A TR AR JEA AR 3 AN TR] A4 ZR AR Bl A2 B B s 25 Wa A b ( 200 m x40
m) WA L, H O RHE Y R S N 39.383 ,5.607 4.875 , HA W i1 N MR sh X b 28 4 5 (A 1 =2 1)
() B 5 R AEAR P J i VR R 2 H RTZ U 8 A 22—

VT W 0T A [ RO B BE (R PR AN [], o R] 5 56 SR AN ], B N B A e R v, R AR g 1 7 25
JEAR, O R K AR AR A B T FE A T SR A A K Sl TR 1) DG 5 B A
AR P4 78 26 R B2 5 RN RS ik 3, B W 35 AR Ik R0 TP ST B 7 B 7 e S A 0 o o P TR A TE A By
B SRR R TR] X 3k B A SRR TR, o U $AGH FACO) BT R KPR AT AR R BSE Rt A R
/NSRS IO S R ZE B AT AR R O G B BE S (P AR AT R TR R
( Cyclosorus aridus) Y %5155 ( Bidens pilosa) ,BEA N IR LTTF ILRRAT AT RS F I RRIRUIRT A A0 5 B W0 44
WA RAR R P SRR WRINE R FEACH B A 20 LLORFT bRk AE BB b A A
KEAESE ELUH] | CCHLE AT A AT LA ST AR TR SRR, A
PRI AN KT ARBFP I 5 R A5 T 4500, 5 A T b, R R 7 R & G T ™ & =,
VHE AR U A A At (57 i L L R 4 1 A 1) 5 ) A 0, PG R ST AR A P o ) AR A v 1 0 5 ol
AR R FE T NN TR AR R H R b A (14 B D o B SR A A 2 I A YL SRR 22 M A A
BR RN R S 7 X P R R R AR MR 2 S R T NI SRR TP A
IR N Y 2 P A R L N 2 MR 5 R £ A L0 vt = Y 6 | .2 [ S I U NI 7 N 2 2 o
ARG AR I R B B R
6.3  FHEHEMNYFN ZREE SR e

— BN R Bt S | AR AR I G W R G 22 R P ROT |, S A ME ROy, P R g R R
SR R | S A ARG A AR A A R R R T 4 TR 11 v R P O A Ok Ak
N ETE S5 R BRI BT XA B HH % W 9 Z2 R MR B (R ER T 32/ NIRRT 52 | AR
VIR YR 2R 2 e 3,

AN A S RGN EME S 2R VIS Y H AT A A 18 B8 b xR e vk
T it 2 HF B AT B IR 1 2 (2 REE) FE A fr i fese Ve RO AE bR | B 5 B V5 ORI BE R R B
T BB e MR OR s, W SRR MBI Ry |, TR B 6 O R e M — B B 1 I v O RS A b 2 Rt T
PLS SR AR 12 P R RS ] X I B 2 A VN FETT N TR IR [ R R RS
3 TRV 5 PS8 K 0 B DL/ IN , 235 W) AR AR 5 TP i 1 A STV A 2 X T A X %) 5 N 3 52 A e B AR PR AR
SRIGTRIN , RAFTE & B A RE TR N AR V% 1 RS s S fh 2 R bE Rl R IR AT B4k BT, 3
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HASIE A | I A G B AN (5] J2 R B AR A A R TR b R A o 22 R P AN 5 4 AR A0 DT 7 3665 T
e, H KARL S BUAEFE T N T NIRRT A P T B R 445 R U 1) W g Wi S0 e AL 00 s AR RS I 5 2 R
HAHONE IR R Y Z RN R AR AR E 10 5ERE s 2451 (EIF AN RE S USRI MRS 2 1, VR Y AR,
S PEREEA £ 8 R 2R [ A B AT 2 b 1 A B 2
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