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i, FEENBEILFE AT IR320N, FEJEIH/RHPER T iA27°N, 1E
H [ P T 2 29°NP) . 7R E PG EE RS, —RAETER A
2000 mPA LK, (8] R AN AR, A ZEH G
B, HA IR AR LA 1 7 32 B L A
AIPGHFRIYIIX 225 TAEHER 2000 mPk il Dl 9% 3]
LIRSy R X 2. 1E b AR R ki, 76
e ML AL, BRI A (MR R 2%, (R
P H SRR 20 AR A IX 3, — ey Y Rl Tl
MR AR, FET A B 280 madi, B 2 R
Jeor Rk, Wad g Ibsr Rk, HiMIX R BAREEAR iR
WX ZR.

HP ] (R I ) P49 ST A 2 B I b7 H T 1 ST
Pl B ET U, B TP S AR IR b3, ZEDE RS HB
FEARIAE IR DR AR, TEAR RS
(R AR s . ORE, v ] P AT BRI I 3RS i S g
MR AR REE 2S5 IX. FRATTE 45 T 7 v [ U R
(R b 5 1L X 34K 800~1200 mMb B, 7] RESE AT
i 75 R 1] AT ARG L S I R (2 XU R R
M)A R SC R IX, TIETRFR 1800~2100(2200) mJE:
TR TG L 2o R b ) ST A v 1 i S o P e
AR SCEE X 2T E AR, P LSRR R
T AR [ fEC L IV AT g 5] I BREFG A F FRET SC B IX T e
FAHE22°30'N—28 A 2T 2 Sofedint i 3
7 6% DX R AR 2 T MR AR . RS L 2k i
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D HRIR. A PRAR A AE A T R X X Sty -
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FIH  ERA B A Y 2 e 2 LS 8, I
5 R ZRAR W I /9 2% (CTFS-ForestGEO) L 2 () = B )
Ji K AKREHL(21°36'N, 20 ha (1 ha=1x10*cm®), WK
709~869 m). J PHFER(22°25'N, 15 ha, ik
194~374 m). J AR SHHI(23°25'N, 20 ha, ik
230~470 m)!"> "SRR v ROl RIS B B R
2 A SE T 337 1) 5 R A L (22°58'N, 30 ha, TREHK
1523 m) 8 AR 25 1 110 B A0S 25 e T A
PRI L 3 ] I ARSI A L Y S B o P )
Bipg 101323250 e g A b G X AR b
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FERRFNTAR), T A% S LR bk e STV HRGHT PG s 2 )
AR ).

01 i 7K A RE A T P8 UM [ R 9 19 SRR X
IR X AR X6 7 XU 40 M X A R R A4 X 2R 1
WFFE 25, P XA b X A R 2 P R
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() Z5 RN 52 5 XUBE s ZU AT 25, &8 T #aiy 2
FAK, HE AT B2 X A K S A AR . 7R 7K SF-3
AR PG BRI A L, A8
A R B R AR L S R bR (R RV 2R K. ik
PURURREN [ R P A SRR XA T AT b G b 2=
0 RRTAACRI 2 RN AR RGP L 4 ol AR A B U 5
X VU XU B BaHE 2 M A AT 5 AR A A
I L —FE B BETE 25 A0 FAE S AMURRAE, 2 I
YRR — 2L, FERY X R B |, $a MW
MAF190% K J& A1 22 T-90% A Fh 38 g #is i 4, Hh 2y
40% 1) J&R A T0% A R #a W a4, J& T3 A
WX Z. H R B L g ) M R S
SEF TR DX 2R 20 B 2T 2R B W I L o St ]
M. BB AKE HA AR B A B (R b 2T P R AR S
T 1L b o ] AR B S A X, AR TC AALIE
MHEVE SN B, BT L b 4 i AR AE AR b B
A A AR AERE - 3 LA SR ), ZE T PR AR
21 5 6h%.

VAR A T 25 A SR B A 9 A SRR X, iR
PIXHEH980~1698 m. ARAEFATHZ A SR X A AE
PRI IX ZAOTFE Y, 2% SRR IX SR AR TR 4
1575980~1200 mJicHB, JSAE = P 5 T AR AR
TR e ik AR A, H R A AR 2 RV 45 14
R PRI ARARRAEDY, T XU B 2
AP A BB b T 2. SEBHIT SRR X Ak
PRI R SR AR, 2R XA A AT (R
TP PR S AT L S i AR — BT SC R IX. PR
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r BV A1 83.26%, Pty oA b SRR 77.33%, H
rh A I A R 5 64.64%,  BR B E#G PE  AOAE )
X2, I EA PR SRR T4 X
AT LB S A bR A B BB L B, ARG ) AR B
il LIRS BRI BHEY), JLFAR N A I Ll b 2
rhERGH LSS AP, AR T R IR L SR
MREMTEEA T2 AL

PR L 5 23 ] i AR R 2R XU S Ak,
VER = P SR M A T i — M. BT
BEPGICHZT R AR B RS R U, MR N
PR, BRI, IR, 3R
TS T8 24 B PR L A S Ak
5 [ 2R g AT ) e IV AT o R PR A i 254
AN EZL, (A X R AR5, Rl
SEMOE E R 22 R R B L S R AR AR e
)2 RN 2 E A A S X A R AR, T
2R FE T b % i STV A S ] B A MO S AR b B 22
2 T L BT b DX R

I B FE LA T 5% B 0 A SRR DX A () S AR e
HITREHIL IR SO DX A A AR I AT b, S L)
MR 150~200 m, WEMAYIEFIRCH400~500 m, HEEHR ) 22
AR ARYE XA X A B A5 SR SCHR[19,32,33119
ST, ORI X AT b 1 ) TSR AE A R At HAds s
FERTTHEFAR, & BAT I 2 T AR AR TR AR
KB (BE R (Parashorea chinensis). Frixi H IR IX.
X ZBPTTE BRY, B RIPE 1 8 o B R
90%A |, HA AR LN S A1 8 1 40%, T8 TR
PP R, %R X F 3y gk id #aiy PR
ARG IX. A6 TUPE RS, &AW YR 3
B EMER S00 mUA N A Ik, FrCRida et
PP LG BT PERIAR, SR K s A >
FEIC L DX I P R AR 700 mPA b ilidth, )5 3 £
#E(Castanopsis hystrix)~ #F#%(C. tonkinensis)~5 Ak
SEEAI SR 4 BT R R R g AR e
T A b 0 AT 1L M SR T AR, MO Z LAY
SRR A TLF-4B k25w S L b R A B A6 2 A
FIFPZE. S A N RS B I SR B R, (HIF K B
SRORTIC SR A ERR, FEHL A B S A db g 2= bk
WA, B b 2= R AR — M.

S LA 7 T AL B R A RO XL AR
TATHEF AN EL, AR X0 R 8K 5 0 4 1 7 V4R
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7 AU 2R R O AR . B RO
B o B v [ B 43 A RN ZR A A AR L 7R
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£, TRIREBY R Ry e 0 AAGHT 73 Rt o] R b S R % 110
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e P R 5 SR 0970.4%, R
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X RFFHE R R TR IR, SRR T A 4R
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Tt A, X BEARAE R BT Z R AEREE sCAs X 7
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Fh(Dipterocarpaceae). [R5 5EF}H( Myristicaceae)s 3%
Bh(Lecythidaceae). 1] W] Z=F}(Chrysobalanaceae).
#B}(Crypteroniaceae), LA IHH BT 437 ) S A e
Fl(Ancistrocladaceae), AL 7 £E 1 [E R A 14
SRR TR AR L, SRR Dy B IR 2
A3, AHE B — SR R B 2 T ELAT SO RRAE. nEp
FEHE(Castanopsis  indica) JEHHE . Jet(Lithocarpus
Senestratus)35 H 43 A TR I =35 PEFRAR AR 1L 3
SRR, HE(C. chinensis). FHRE(C. eyrei)s T XI(Cy-
clobalanopsis glauca) 7 X(Cyclobalanopsis glau-
coides) V| =B/ A FE N FATT HLIX, 2 F Y e i
MREVEEA B T X R b, b 50 g A R
AN BRI AR 3 A R PR - PRV
S DX A HAT R RAAE.

2 PG R R AR R IR A B X

DLz B B BT B R AR X AN ). 25 g i i Kk
AFEHBIFAR A 709~869 m, 2% GORHBH i ELIR) 2
=10CHHFERIRT632C FBIR21C, &2 H ¥R
12.3°C . o B R IR IC £ 0.5°C, M &
1532 mm. ZAETCRRDY. R M I 3O I il A A 7
TIHERRAR, AEAERE LA LA S T IR L 2R
bR, A B AN TE— R SRR X, TR IR
AP Hb B Y8 5 HA R B e i 7 R A 4 R A A
To B FRHEY S E TR (Pometia tomentosa)ta AR
T S OB B 0 2 R RS, AE L LRI
L, ABRZEAEEM . M TR DISE SRR R
TEARTREJZ o D0 S A PTG L S b i 7.

75 T DA b Ay LR () A I L R R bR, Y
HAE1467~1587 m. ZMREGURHE R ARl
17.7°C. =10 CH AR H6353.5C . &i® H iR
7.3°C. Hdm e R IRIC K -2.5C . FREAKE
1547.6 mm, {47 FRUR. 7 REHL I, PG L 2 4 1k
FIAMRAFR R RCAE BRI R T, 2205 s AMOMOeE 2 1
IR BT AR R G5 R KA & (Horsfieldia)~ 41
K& (Knema) R G 5E 8 (Myristica)) S BL R P 43
MW ERBHED W T, 158 B 4 ) B
(Castanopsis echidnocarpa, ™ EVFETERFE V5
1)~ Mi224fE(Castanopsis calathiformis, H[E PH R HE 2
REWA3AR) Vet (Lithocarpus fenestratus, " E VIR
WELEM ) TR (Lithocarpus truncates, T
VU R K 2 AR e 3 AR ) RSB 90 V4 R AR Aa7 (Schima

wallichii, " EVWREEREI0M) K5 (Anneslea
fragrans, HVE R EB 2 AR B 501 A MOE R A )
T4, O i TP

FEREVR ST AN A ARG L b, Bl RE e
B = PE R AR R = AL 2R A (>30 m), GnEER
B BTG, REEMBCEER, 29 5T
PR 16%; FErH S L, Fri TR AR R 974.1%, /)
15 16.1%), A RE R VERETS A 35 BRI 6473
Br, AEARHEFRA TN 2= e FE AR A1 L S ] P bR 43
BT, KA A TR 92%~3%, JCHH 8 #0E B
NI G TR F922.7%~29.7%" 1. AR, WP
HiL AR A 245 M TR A I LU SR R bR, VR Y
AN GER ARG Z RN AR TR AR L. R
MG Z AR DA 2R RIS A3 A A R B
FA TR AR )22 04 A AP b 2 W AR A S O
TR MO T3 MO )2 R LLSe BRI 2SR HE
Yy i e AR LL B 2R R AR, AR R AT RS, i
A, W E R IR S X, KRATEHEIR800~
1200 m A LL AT

VARG I, BEE R E—25 BT, #E1800~
2100(2200) mMuHy, FAGHAR L H 2 bR ) I 40 (B8
T ) Sk A M AR S . v L Y R L S A
SRIAMMAE CraAERE) h o B RR R Ll
] A 2 3 R T e L R
HBFRAE H 1L 2% [ AR (upper  montane evergreen
broad-leaved forest)[25’38], B R BRI e 1L
i N T = T L o N o 35 T d e e =
SRR X, 5 Lk PR TE S A TR
TAES, (B wHE R R TR A MO
) B gt ] P R RISy 21 i o S R AR, b L
o] P BRI > Y Wt ] P AR DA Sy R B - TR A
VB Z%ARAE B (tropical-temperate transition forest)'™.

A L 2 ) AR 53 A0 ZE T4 2000~2900 m, 4
R 7K £ 1800~2000 mmbA b i) 2w FPf AL S 1L . 7E
R IEIR2320F12450 mAib RE 7 A HdE s,
LU 8 g ] AR AT DA ST SRR 2SR B o 0 35,
R A 2 4t oy 32 2 b [ VO R & S P A A A A
I VU R PP, Qs RS (C. wartii, PEVIHE 255
PifEsr A0 AR KR(Lithocarpus xylocarpus, ' [E P
M 2= SRR RIS (Camellia taliensis, =B
R RS ZR(C. forrestii, ~raWERFA ) IMIE
R E B R AR, R AR 2472 mibd”
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H920 hasE AR A TE A BRD, EEE R HRFN I
BRAMESZ . =l (Vaccinium duclouxii, 7 [E
PHREHEE) . ZAEILL(Symplocos ramosissima, ™ [E
W B = RGBS (Lithocarpus hancei, W IE
Y AR OHE(Castanopsis wattii, W EVERE £ 5= DAL
THESTAR).  ~F- R Sk ] AR AR TEE 4 1500~2600 m,
EREKEE900~1200 mm i 2= B TP . TEME IR
1950 m ) B B A MORITEE 45 2450 mfr) 2 ) 1 ELXS A2 1 ) 7
EFEH R, EATLAET XI(Cyclobalanopsis glaucoides,
PEPE R ) S L% (Castanopsis delavayi, P
FMHA)s JCILH(C. orthacantha, " EPHRGHEAE) XA
WA A B (1 5 7% K (Pistacia  chinensis, T EA)-
AT AR ZE T (Neolitsea homilantha, " EVREEAA )N
LS A= Ve A <9 s L7/ | P =% NI e N Pl A 2 J
P AR R 2 O g ] P B R T 43 A A oy e Y
20%~26%"". EATHIMIEZTER Z 2 FEUR RIS, 3252
P SV Bty -kt 70 A AR ZEL A, 0T A AT 3 A B, S
SRIE AT (BT VI o 11 i e i P

TETAPU AT, PP S ] iR (= XU 2t ]
e AA) 1] Y L o i P ARTE 4K 1800~2100(2200) m
S S R I Y, BT AT 2 A 7 A
DX LA I L1 2 ] b o] 2 b i) i 4 ol AR 9 2
AL, FEIETE R F AR ER, B IR ACHE X 1Y
VPRI R 0 T T HEORE. PR L R R O
ANV 254 L 5 rp LR S e i ARCRN >0
iR es e = W (B i o B e oo N T I g 0 1
PIIX FR SR ER oA T o SR B 79%, FAHT o3 A b
Bt i BAEU070.5%, B RIMOEE R 2R A
LR AT, e — Rl 1 o R k)
HONMGEER R R X R AL b, PG L 2
RS LR ] e MR T g ] AT B J
DX . e A I L R AR TR A L B, B i
WyIX R A 1 A R R

TEPEPYREHE, Pty - P ARV 0 2 A 2oL U
AFAEPR BH S PRV S A X, RIBAGHE 0 b 25 P TR AR
T AT ARG L ¢ o] I AR 1845 800~1200 mAZ i aed I ;
PR L 2% ] PR 1) 7 BRGHT (B IR ) %) v Ll e v
LR ARAE TR 1800~2100(2200) mAS L . FEIFHR
800~1200 miRFACHEIX, ARMRRER RIS . L5k AN
MO JZ RN AR B s, (EAE X AP AR R
41800~2100(2200) miWHETE S HE X, FRMEETE 151
SANEERFEANAE, (EARGE)Z R A A P X &R P
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Jit e HE W SRS, rh R R o R X R T A -
IRAPE R X R

3 PEAR T AR Ay R AR 0% A2
BiX

J VT B K AR AR S I LR AR 3B 3 AR
2T T I AR i S A A T b 2 BRI R T A A
BN S 1 o N+ R = 5711 VA R ol e 2 e U B
BRAE SR RILRHE T WX WA RE L BEE A . 454
AR A ZE IR AR H [ 2R 7 P AL s BA AT - ST Aty e 7
SEEEIX.

T A S TE ST B R G 3 AR DR XN ) Y
VIR X, TR AE194~374 m. AR X AEGER]
JE =10°CIAERIET400~7834°C AEHiR22°C,
HOAA)HR13C, Pom iR —2~-3°C. FFFEm R
1200~1550 mm. b FEHBIC S5 RYAEL BN Pt 2= 15 PR
FRUPI 35 5 B 5 G 1 SR X A AR AR, X
BT S AR A A AT I . 2R BT L M X AT
R RN AN g, SORAEMEHTREHLIX, DT il A —
L9 1 7% AR A T DAS s M L. 5 b P AR
F s T3P EUE BN BRI (4lstonia  scho-
laris)~ AKHf(Bombax ceiba) MR A (Acrocarpus fraxi-
nifolius), HH AR FITURA S #ai J5 Hwp. BRi,
T B L8 PAHT 2 P R — e S0l DR 2
SRR, HAT [ $Re 22 R AR I 1) — SERAAE.

FEbd F AR X AT R B 25 1 M AR B 4R AE
Foh—— B TN I A L R YD e KU, 5 A
BRBOCE B E KRR, HHAR R TR o
WG ZETVER MR . 4N, 0% 1T 5 = e ik
PR —FER T 7 BRI AR A % (Alphonsea  mollis) T
H(A. monogyna)~ Wi # (Goniothalamus donnaien-
sis)~ WL (Mitrephora maingayi)%, KX TFEHEY) I FE
KINF(Hydnocarpus hainanensis)~ 5 FHEY) KA
¥ (Garcinia bracteata) = LR ETCIEAE(Saraca
dives) WHIEHEY) 4 B (Chrysophyllum lanceola-
tum)~ LI K (Madhuca pasquieri) A SRy 1 K A2
T PE AR AT B0GE B A AE AR (Cleistanthus - sumatra-
nus)~ WK (Excentrodendron tonkinense). 4425 (Gar-
cinia paucinervis) %", 33 L LITIF A7 b R Hb AR % 2
P T MR

TEREVE AR SR EsH b, BRAOE R BAT TG
BAZEARAE, TR AR R B2 R 1 /)N
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IMF(notophylla) Fl/NH (microphylla) & 313t 5 16.1%, 5
PGSR A B 2 PR AR /N 5 18% 26 5
A b T AR o 1 - 23355 AT ST U ) AR b R AR
R IR, FERETE SN A L, TR EH A
T A I R 2 P R AR A

ST LU b A A L R A SRR X A R
WEHTRE LK, TR AE230~470 m. iZHLIX AY ARV RHR:
= 10°CIERIRT699°C FHE20.9C. ¥ H(H)
PJR12.6°C MomifiR—2°C . 4EFERN 11985 mm, 03¢
R Ay o 7 A R AR S L L s D v
VIR 43T FE (Castanopsis chinensis) (5 L3, %R &
T 2K g At ST Ay S i b B A AR P AR e,
TERETE A SN EE R b, S e b 4 MO 2 8
A A, MO TP 8, B R o S bR 25
FEHRRAE. S5 T9) 1L AR 1 7 AR Aol 1 oo /N i /N i 3
31.8%, LRI TV RGHT 5 SRR ARAREAE.  DETR Y
HESHMRRIZERE . MO R MR AL, S L
FREAE 2 R R AK, B e 5ess JLPA Tk
mHZ, JREANES ERyRaidbs. e A AR IX
TH) SIS FRAFTE AP IO ART T BT L, i ok o ME— A
AR RIMOER FF ARG (Ananum  album), EME—E
AR AR AR . o) LA b P R e 2 A T A A
ORI RIC S, (HEAMGE 2475 BA 4 & e A
PIX R IGr. AR, ST LR bt 2 A7 TR R R A
[19) SV R4y i ok o] P AR I (R RV S IX. FAE ARV
A SIS . MOEZMA P, BCE T
"L A PRSI, PR IHC R R Ay T STV ¢ il b

M4 AshtonFZhu* (20T, 3T LR 3 A WP b T
R A FAl &R T 0 A A . ERE M AR
TEIZI8SIMFI, 2945 1/3 K434 B 75 B A B A1
LR SR AR AR R, 1/3 A v A - 3R 1l DX AT
B TP (R A R AL TE), (EAT 12%A9FR2E 0 2R
PP T IR R ) AR L LRSS A Ay
F, HrP AR RPN ) A, A s R 53
Al FEJE IR b, B e ik S s
89.9%! . U LLIRF A PRI EEL (45 0 ) W7 A 3
E T S S TR ) e N S 2. £ G R A
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Ecotones in the tropical-subtropical vegetation transition at the
tropical margin of southern China
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Tropical evergreen forests are transitional to subtropical evergreen forests at the tropical margin of southern China, where
ecotones exist. Forest structure, physiognomy and canopy tree flora, mainly from 4 permanent plots in the transitional area
in southern China, are studied here, and the ecotones and their recognition features are clarified. Due to the different
topography in southwestern and southeastern China, the forest ecotones occur along altitudinal gradients in the
southwestern mountains of China, while the ecotone occurs along the latitudinal gradient in the southeastern lowlands. Two
ecotones evidently exist in the southwestern mountains: At 800—1200 m asl, the tropical lowland seasonal rain forest with 3
tree layers and typical emergent tropical trees in the canopy changes to tropical lower montane evergreen broad-leaved
forest with 2 tree layers and with mainly tropical southeastern Asian and tropical margin distributed Fagaceae and
Theaceae canopy trees constituting their flattening canopy; at 1800—2100(2200) m asl, the tropical lower montane
evergreen broad-leaved forest changes to subtropical (warm temperate) evergreen broad-leaved forest with a largely
subtropical (warm temperate) Himalayan and Chinese endemic tree flora. In southeastern lowland China, the evergreen
forest ecotone occurs at 22°30'N and nearby, where tropical-margin lowland seasonal rain forest changes to subtropical
lowland evergreen broad-leaved forest. In the latter, the subtropical endemic Chinese and eastern Asia trees dominate the
flattening canopy. We consider that the ecotones of the tropical-subtropical evergreen forest transition could be limited by
air frost, because typical tropical canopy trees could be damaged and can survive only in the frost-free habitats. The ecotone
between the tropical lower montane evergreen forest and subtropical (warm temperate) evergreen forest in southwestern
China and the one at 22°30'N and nearby between the tropical margin lowland seasonal rain forest and the subtropical
lowland evergreen broad-leaved forest are suggested as a tropical margin (boundary). Beyond the margin, tropical trees in
the canopy vanish, although some tropical flora can persist in the subcanopy and understory. We find that isolated tropical
floras survive in the subcanopy and underneath of the subtropical evergreen broad-leaved forests in lowland southeastern
China. We suppose that the northern margin of the tropics in southeastern China was much further north before the
Quaternary period than it is today, and that, on the other hand, the subtropical forest canopy could shelter subcanpy and
understory tropical plants by resisting air frost penetration inside to some extent. These could explain why tropical plants
survive in the subcanopy and understory of the subtropical evergreen broad-leaved forest in East Asia. We also find that
tropical plants could diversify (mostly from their tropical congener taxa) in isolated free-frost climatic refuges and the
understory of subtropical evergreen forests beyond the tropical margin, while the east Asian temperate flora could hardly
diversify in tropical SE Asia, which needs to be studied in detail. Issues related to the ecotones at the tropical-subtropical
transition of East Asia are identified for further research.

tropical margin, ecotone, tropical-subtropical vegetation transition, South China
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