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Vegetation geogr aphy of ever green broad-leaved forestsin Yunnan, southwestern China
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Abstract

Aims Yunnan in southwestern China supports an extremely rich biodiversity and various vegetation types dom-
inated by evergreen broad-leaved forest. Of these, three major types—monsoon evergreen broad-leaved forest
(MEB), semi-wet evergreen broad-leaved forest (SWEB) and middle-montane wet evergreen broad-leaved forest
(MMEB)—have not had a detailed scientific comparison. This article compares their floristic composition, species
diversity, physiognomy, biogeography, and possible historical evolution, and gives suggestions for their conserva
tion priorities.

Methods Six 1 hm? sampling plots, representing the three evergreen broad-leaved forests in Yunnan, were set up
based on the present distribution of primary forest. All trees in each plot were identified and their diameter at breast
height (DBH) (minimum 5 cm) and height measured. In four plots, all plants, including understory shrubs, herbs,
lianas, and epiphytes, were surveyed for life forms and biogeographical element analyses at plot level. Importance
value indices (IVI) of tree species were calculated for each plot. At the vegetation level, all seed plants for the
three major vegetation types were inventoried to compare their floristic composition and biogeography.

Important findings At plot level, the three forest types differ considerably in species composition, diversity,
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physiognomy, and biogeography, although they are commonly dominated by species of the families Fagaceae, La-
uraceae and Theaceae. The MEB in southern Yunnan is extremely rich in species and is characterized by atropical
physiognomy. It is dominated by tropical Asian species, which is similar to the tropical lower montane evergreen
forest in southeast Asia. The SWEB on plateaus and the MMEB in central and northern Yunnan are characterized
by a subtropical physiognomy and are dominated by Sino-Himalayan and Chinese endemic species, which are
unique in southwestern China. At the vegetation sub-type level, the three forest types commonly have species-rich
families, which tend to have cosmopolitan distributions, but the families with fewer species exhibit other distribu-
tion types. The SWEB and the MMEB showed similar biogeographical patterns in the proportions of tropical
(44.91% and 44.04%, respectively) and temperate (46.29% and 48.19%) elements, with northern temperate dis-
tributions comprising the highest percentage (18.36% in the SWEB and 19.95% in the MMEB) of total genera. In
MEB, tropica elements comprised 78.05% of the total genera, with elements with tropical Asian distributions
contributing the highest percentage (29.02%). Similarity between SWEB and MMEB was high at species level,
but lower similarities were shown between MEB and both of the SWEB and MMEB with 17.1% and 15.4% re-
spectively at species levels. These results indicate divergence of the three forest floras, possibly from eventsin the
geological history of Yunnan. The SWEB and the MMEB should be given high conservation values due to their
unigueness and abundant Chinese endemic species. Especially, the SWEB should be given the highest protection.

Key words evergreen broad-leaved forest; species composition; physiognomy; biogeography; Yunnan
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Table1l Distribution and habitats of the three evergreen broad-leaved forest sub-type in Yunnan

AR
Forest type

TS X 4k
Main distribution area

eSS oW K E
Mean annual air Mean annual
temperature (‘C)  precipitation (mm)

AR
General dtitude
distribution (m)

25 AT kR bR 2T R Y R A LD 900-2 000 18-20 1 350-1 600
Monsoon evergreen broad-leaved forest Lower montane in southern and

southwestern Yunnan
Y1 S ) bk g R 1 500-2 600 14-17 900-1 200
Semi-wet evergreen broad-leaved forest Plateau in central Yunnan
oLl PR A 2B BN 2000-2 900 10-12 1.800-2 000
Middle montane wet evergreen broad-leaved Montanesin central and northern Yunnan
forest

7% 21 B} ) 5 Ll #% (Castanopsis delavayi). JCiVLF%
(Castanopsis orthacantha). &7 [x](Cyclobalanopsis
glaucoides). # 75 [X/(Cyclobalanopsis delavayi).
JtH-4 Bk (Lithocarpus kontumensis) & i 55 &, &3
BEFR 2 BHE A R, (BAE KA L Hh, 385 W
RHEY) #IE AR (Pistacia chinensis). i 7 A (Pistacia
weinmannifolia) . A =} 11 & = (Magnolia delavayi)
&, VERZEHE LA & Y3k (Coriaria nepalensis).
YeAf-(Myrsine africana). 7 4%% (Michelia yunnane-
nsis). KAt AY (Rhododendron spiciferum). A 4L
A% (Rhododendron decorum)2% . ¥ i 5 43 i iH- bk
BT ARSI, o B R B E, HAR
PP A ZE R R B P A K, e E P
ISV Ay b [X PR 7K P b PEAE 8 (Zhu et al. ., 2019).
rH LA S AR R Y A A AR K
2000 mbL B A, @ EA2NTRARR,
FEW 120-25 m, | )2 TR A A X ST 8 ) O
AP AE YRR FE . A LR SRR AR TR
JRUAFE R FERSAERE P KA FE S (Rhododen-
dron protistum var. gigantum). 2 #1¢(Rhododendron
delavayi). &R, KRZRL FEEL AR, AF
BHEEED SR . REEA R 753 AR S H
AR, 40 % 7 1 (2 300-2 600 m)( 2k A E &,
2009) . 7 & 1l (22002900 m)( ¥ Al AL H
1998). 7Kk % 111(2 000-2 800 ) (1) 1 A1z 1,
2007). #%5T10(2 0002 600 m)(#) 4%, 2013).
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2016).

TEYIE TR, = R Sk R AR A R
Pt gt © T 46 7 5 (Jacques et al., 2014, 2015), 1
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HEFGATRR(L. fenestratus), LA A 1L Z5RFHK) PE g AT
PFh, KERRFN 36 FLRMEY) o5 AR 35 . 751
ZREEM AR, 5EFRHET MAE A KA L EAER KA
W AR AR, T LR TR AR R A S L
ABE R, HERRTE B R R BEAR, R
[11E 8 A 2% 1 (Neolitsea homilantha), AARFH = F
KR (Olea tsoongii) Ml v] 75 41 A A Ll A= 15 A I
A AEF LR IE R SRR AR, B ASE R
RIS R 5 A, W % (C. wattii), A S FR(L.
xylocarpus), # ¥ A fif (Schima noronhae), K F %%
(Camellia taliendis), 5% HIEE45(C. forrestii), {HAF
By AR2ZRN, ZFRL PR NEERMERHT RS
PN FE, WL AR 21 (Litsea honghoensis).
3 0 % (Machilus gamblei) . 4T 75 A % (Manglietia
insignis). 5t AR & (Ilex gintungensis). M- L1 A1l
(Symplocos anomala). KA+ K357 (Mahonia du-
clouxiana)%5 (#3).
22 PIFhZiEM

ZANE G AR AN hmPREH R X £ 4 H
VAT (B4R 1 FE b BT AR T B D) R, ZER

SRR I ARAEL hm?REHh g S 4E45 HR 3607

PR H g MR DA I A BTL A 4R R
HELTARN, fE405CE (L AESGIC F 14450, il
P S ] I MRAC SO A SRR 1668 . 7EIX 3N
SIS RS DA N Ll o W S L S S E A

R4 ZEEGRE AR RS L (41 hmPRETT)

21 hm?REHE A DBH = 5 cmffi i F 12871104F;
2 W VR W S AR AE A K LR A R R 53,
TE40 R 5 LRE AT 407k, 24> vl 4 il AR RE 3t
53 A6 B P ALFIA5F o
2.3 HEIMREFIE

KAGNH T IX 34N G AR A R R AR
TEE . 2R VR SRR AR B K A SRR ) R 2
/N AL SERE Y, B/ AT SRR A, e
2% ] P R LA St e B A8 11w i 7 2 A A2 0 B A AR
AP 2k i AR A K AR SR AR B T 2
i T 2 RN TR A LD o 3 453 B I PR e 0 T
TEFI T3R5, ZENXH SRR TE Z Bkt Znt
AR A ARl o R R R B N L
B ) A R
24 FhEHIRRR 5

AN % FE T RORE b A 1) M R R A3 (B 2R AE
WIBRAR) W26, 2 R &t i i MR Hh 329 R T AE 4
o B AR TE R RP R 70.5206, oAb S
P23 A A o AL 64.73%; AT 4 H K
AR R L v 4 B e AR U 2 DA 23 A ol o A
I3 B R 72.88% (f1 KA AEEE). 78.67% (JF
H IR AR F180.27%, LA E R R o E -2 T
FLAE S A BRI ZR W 3 A B oA
25 BEEAMKHEYIXRZFE SR

— AN FE R R, AN BE R TR — A e 2K

Table4 Comparisons of plant life formsin the four 1 hm? plots from the three evergreen broad-leaved forestsin Yunnan

AEiE Lifeform R SRR

MEB plot 1

R RN IR A A L A R R SRR AR e LV R R AR L
SWEB plot

SWEB on limestone plot MMEB plot 1

ELE T A5 ELE

el

Species Percent of species Species Percent of species  Species

T # T LA

Percent of species

T LUk d=al]
Species Percent of species

number number (%) number number (%) number number (%) number number (%)

Kifii2E Megaphanerophytes 22 6.11 0 0.00 0 0.00 1 0.60
thEfir 2 Mesophanerophytes 59 16.39 27 15.52 20 13.89 43 25.90
/NEfLEE Microphanerophytes 108 30.00 35 20.11 20 13.89 13 7.83
Wb Nanophanerophytes 33 9.17 16 9.20 10 6.94 9 5.43
Hb 1 2E R BT 2E 42 11.67 36 20.69 26 18.06 30 18.07
Chamaephytes and Herbaceous

phanerophytes

T Geophytes 19 5.28 4 2.30 5 347 7 422
HTH 2 Hemicryptophytes 16 4.44 16 9.20 25 17.36 21 12.65
JEAHEY) Liana 54 15.00 35 20.11 32 2222 18 10.84
MtAEAEY) Epiphytes 7 1.94 5 2.87 6 417 24 14.46
M Total species 360 100.00 174 100.00 144 100.00 166 100.00

MEB, monsoon evergreen broad-leaved forest; MM EB, middle montane wet evergreen broad-leaved forest; SWEB, semi-wet evergreen broad-leaved forest.
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K5 ZESME G R LB (A1 hm®HE D7 Bk
Table5 Comparisons of |eaf features of tree speciesin the four 1 hm? plots from the three evergreen broad-leaved forestsin Yunnan

IH-RPAIE RGP R AR PG LR IR SRR AR oL R R AR L
Leaf feature MEB plot 1 SWEB plot SWERB on limestone plot MMEB plot 1
g Fh L b it FALLEH Firkie FlKic Hets) i L i
Species Percent of species  Species Percent of species  Species  Percent of species ~ Species  Percent of species
number  number (%) number  number (%) number number (%) number  number (%)
-t K Macrophyll 14 10.14 0 0.00 0 0.00 1 2.44
Leaf size'
s Mesophyll 81 58.70 30 56.60 21 52.50 23 56.10
/N Microphyll 41 29.71 23 43.40 17 42.50 17 41.46
% Nanophyll 2 145 0 0.00 2 5.00 0 0.00
it} S Compound leaf 29 20.29 3 5.66 6 15.00 4 9.8
Ledf type Hu Single |eaf 109 78.99 50 94.34 34 85.00 37 90.2
S 4% Entile 122 88.41 36 67.92 23 57.50 20 48.78
Ledf margin JE4=%% Noneentile 16 11.59 17 36.08 17 42.50 21 51.22
A4 Total species 138 100.00 53 100.00 40 100.00 41 100.00

"Webb (1959) M. Raunkiaer 7£H 2% R ~f_F %1153 e i BRI TAUA 2 025-4 500 mm? fH-7-43 t o /N B . o A2 5 ST T T Raunkiaer (7 1H
214y, %447 Raunkiaer -4, BIHHTEIAR 2 025-18 225 mm? Ay

Webb (1959) split off the lower end of Raunkiaer's big mesophyll class (2 025-18 225 mm?) as notophylls (2 025-4 500 mm?). Chinese botanists are more
familiar with Raunkiaer's big mesophyll class, and here we use Raunkiaer’ big mesophyll class, i.e., the leaf area 2 025-18 225 mm? is for mesophyll. MEB,
monsoon evergreen broad-leaved forest; MMEB, middle montane wet evergreen broad-leaved forest; SWEB, semi-wet evergreen broad-leaved forest.

K6 2SN SRR HOPRRE I A Bl TR A M B S (44N hmPRE D B
Table6 Geographical elements of seed plants at species level for each of the four 1 hm? plots from the three evergreen broad-leaved forests in Yunnan

A b2 B 5y
Geographical elements at specific level

T GRRR AR L R R AR TR LR LR R AR L
MEB plot 1 SWEB plot SR AR MMEB plot 1
SWEB on limestone plot
T FhEL LL A5 T FhE LL A5 T ik d=a i T FhE L A5

Species Percent of species Species Percent of species Species Percent of species Species Percent of species

number  number (%)  number  number (%) number  number (%) number  number (%)
5,4 Cosmopolitan 1 0.30 1 0.61 1 0.78 0 0.00
12434 Pantropic 4 122 0 0.00 1 0.78 0 0.00
FRAT I 22 H 52 YN 8] 07 40 A
Tropical Asiaand Tropical Americadisjuncted 0 0.00 0 0.00 3 233 0 0.00
IH T #2347 Old World Tropic 4 122 2 1.22 1 0.78 0 0.00
F LN 2 KPR A3 A
Tropical Asiato Tropical Augtralia 7 213 0 0.00 0 0 0 0.00
FRGHT I 90 2 B I o A
Tropical Asiato Tropical Africa 4 122 2 122 1 0.78 1 0.70
Aty TP (BB - R PR W) 43 A
Tropical Asia (Indo-Malesia) 72 21.88 6 3.66 15 11.63 10 7.04
Aty 7Y (e S 3 K i 2R ) 3 A
Tropica Asia (South Asia to mainland South- 49 14.89 20 12.20 9 6.98 14 9.86
east Asia)
E S I [N e A e i
Tropical Asia(Mainland Southeast Asia) 92 27.96 4 244 4 310 3 21
& Tropical dementsin all 232 70.52 35 21.34 34 26.36 28 19.72
JEiRA 4345 North Temperate 0 0.00 0 0.00 1 0.78 2 141
HR AL 5 ] 7 43 A7
East Asiaand North America disjuncted 1 030 1 0.61 0 0.00 0 0.00
IF AR A 4347 Old World Temperate 0 0.00 0 0.00 5 3.88 0 0.00
K44 EastAsa 7 213 20 12.20 15 11.63 20 14.08
i E- B D3 A5 4 Sino-Himalayas 7 213 49 29.88 19 14.73 36 25.35
THEH54 234 Endemic to China 43 13.07 44 26.83 49 37.98 39 27.46
Z F%FA 04 Endemic to Yunnan, Cina 38 11.55 15 9.15 5 3.88 17 11.97
B R & Temperate eementsin all 96 29.18 129 78.66 94 72.87 14 80.28
&t Total 329 100.00 164 100.00 129 100.00 142 100.00

MEB, monsoon evergreen broad-leaved forest; MM EB, middle montane wet evergreen broad-leaved forest; SWEB, semi-wet evergreen broad-leaved forest.
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R R AR B VIR LA, F A AR B MR
MEEYIX R BT =R AR KE N 2 FE 1)
JE BB A G M 1 AR AR 2RI — S,
N T SR HEAS R R I R L) X R A AR,
AT SRR I AR X R BEAT T LA
WEFE, T ot i P AR Ao 284 £ 34 MU 2Ry BB A
THWA S, EREPOER R 28 7YX R
VI EEAFAE .

FEAEIRM R E, 1Rt D HER, I o
W PR R KR 22 8K (2338 . S RH(102F) . w6 FAL

RT3 SRR AR B2 T A A X AR LSRR

(98Fh). ZFHB82Fh). JETEFH(6LFI). KELEL(GIF).
FIRABH(G2M) ;2 M Sk fE AR ) R A 2 R
(198Fh). AAFR}(168F). ERH119F). #HEAH119
Tl JETERNTTRR)EE; il g Sk i AR ) R
M35 ckH60Fh) . ARG FERL (40P, 2 FH(36M)5E
(&

TEREYIE b, 22 KUH SR R S 2 1 @ N
£ 5 2 )& (Bulbophyllum)(36F). F fit )&
(Dendrobium) (3571 #J& (Ficus)(34Fh). E==)JEEria
(14F0). #%J& (Castanopsis)(14f). ¥R & )&

Table7 Dominant familiesin species richnessin the three evergreen broad-leaved forests at vegetation sub-type levelsin Yunnan*

FNHE S MEB

SRR SRR AR SWEB

LR SRR AR MMEB

%% Dominant family 7% No. of species %%} Dominant family

% No. of species %%} Dominant family  F%{ No. of species

2%} Orchidaceae 233 %%} Asteraceae

TRl Fabaceae 102 RAFL Poacese
PRl Rubiaceae 98 E Rl Fabaceae

%k} Asteraceae 82 EH Al Rosaceae
JEAL Lamiaceae 61 JEA} Lamiacese
KEkFl Euphorbiaceae 59 VEEL Cyperaceae
FREEL Urticaceae 52 2%} Orchidaceae
RAF} Poacese 45 FHFL Rubiacese
R} Lauracese 44 EHA} Ranunculaceae
%%} Moraceae 44 % ¥l Scrophulariaceae
BAREl Acanthacese 36 FRSTERL Ericaceae
53} Rl Fagaceae 33 #HF} Polygonaceae
Rl Asclepiadaceae 31 JEHHE} Gentianaceae
Rl Rosaceae 29 AJEFL Apiaceae

ST HERE Apocynaceae 27 P& Bl Caprifoliaceae
% %Fl Scrophulariaceae 27 7521kl Fagacese
KmEFH Aracese 25 REAEL Primulaceae
Tum#El Araliaceae 25 HIMAEL Urticaceae
H#AL Vitaceae 24 KAt Euphorbiacese
AL Meliaceae 23 #%Fl Theaceae

H 4R Myrsinaceae 23 Al Lauraceae

TS5 R Commelinaceae 22 Fif# Rl Campanulacese
HiZERl Mavaceae 22 AAEA} Oleacese
ZHE Rutaceae 22 FHTRL Caryophyllacese
FEHBFE Annonacese 21 R Vitaceae

i B} Menispermaceae 21 R} Asclepiadaceae
#F} Zingiberacese 21 KI14% Asparagaceae
AHER} Oleaceae 18 %Rl Boraginacese
JiEtEElL Convolvulaceae 17 EEB R Gesneriaceae
TEE R Gesneriacese 16 4=kl Rhamnaceae

198 F Rl Rosaceae 60
168 kA 4£ Ericaceae 40
119 %%l Asteraceae 36
119 FiF} Lauraceae 27
77 JETEFL Lamiaceae 26
67 2%} Orchidaceae 25
63 HEEL Liliaceae 23
54 PEH R} Rubiaceae 22
50 11%R} Theaceae 22
50 SRR Urticaceae 22
48 TnEL Araliaceae 20
45 FEH#F} Ranunculaceae 20
44 HAFL Caprifoliaceae 18
42 ARAFL Poacese 18
40 WFEER Primulacese 18
37 7o} F Fagaceae 17
36 JEfEA} Gentianaceae 16
32 Z %8} Scrophulariaceae 16
28 E Rl Fabaceae 15
28 RAl{ER} Balsaminaceae 12
27 Fi1i%} Campanulaceae 12
26 #F} Polygonaceae 12
23 /NEERL Berberidaceae 1
20 1AL Symplocaceae 1
20 A H R Aquifoliaceae 10
18 KAl Euphorbiaceae 9
18 KH#EF} Oleaceae 9
17 Fk TRl Schisandraceae 9
17 THEFL Smilacaceae 9
16 2% Fl Rutaceae 8

* PR R RGBT R TSR MR X R, R W T R X R B URHE, #2248 G FHR /NG BR Ge v A4
*Here the number of speciesin each plant family is censused on traditional circumscription of families. MEB, monsoon evergreen broad-leaved forest; MMEB,
middle montane wet evergreen broad-leaved forest; SWEB, semi-wet evergreen broad-leaved forest.
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(Crotalaria)(13F4) . #HHUE (Piper)(12F#) . »2 k)&
(Boehmeria)(L1F1) %, =8 i & 4 fa - pRAh S0 £
(Polygonum)(30#i) . % & J& (Carex)(29F1) . & J&
(Artemisia)(27F#). J2fiH J% (Gentiana)(25Fk). £ T
J& (Rubus)(25Ff) &5, #1138 14 5 &5 i I AR R £ %2
i) Jeg ) A S 4% JE (Rhododendron) (175 . 2441 &
(16F1). RALAE & (Impatiens)(12F) . 745K J& (11FH).
Ll AL (Symplocos) (11FH) . &5 J& (1ex) (1071 ) 25 (3%
8).

TEPIIX ZHELR S b, TERIKCE, 1345 4R
PR A 0 24 8 DL A 2 AT R il s, o e B HER

R  LFESH AR M M A Z I X R R R

KA ZEESE R EOO T 1

[1143%-56%, FH et Akl Har oAk L
RN, WERE BEREL BETR
o Ao ARG SR 17%-26%, WIHEAE}
BARE FebRHE, FELUBR A AR 3. X34
W aR RE AR, 2R KU SR AR B #rE 2 AR R LA
B, o ERHN56%, TR A EMY 5 17%. 2T
) i o P AR L 3 1 B T AR R A o AT R
530 7 46%F143%, T AT L 526%, B T
ALK IR B 2K = (R 9) o

TEJB IR, 28 RV S5 il AR ) By 7 A7 g L A1)
B, B E78.05%, FH:LLHGHSE N 4 A & B

Table8 Dominant (top 30) generain species richness in the three evergreen broad-leaved forests at vegetation sub-type levelsin Yunnan

ZERH SR FE AR MEB

SR SR bk SWEB

HLB I SRR AR MMEB

i34 J® Dominant genus  F4{ No. of species

%4 J& Dominant genus

¥ No. of species % J® Dominant genus %1 No. of species

FE %)% Bulbophyllum 36 Fi# )8 Polygonum
FiffH® Dendrobium 35 HE)E Carex

)& Ficus 34 )& Artemisia
E2J8 Eria 14 JeNHJE Gentiana
¥J® Castanopsis 14 TR Rubus
WREJE Crotalaria 13 FLES4E)® Rhododendron
WU Piper 12 BRZEE)R Clematis
7k JE Boehmeria 1 B%3JE Lysmachia
AR llex 1 A¥JE Indigofera
FRE4JE Oberonia 11 LH g Pedicularis
HHEE Syzygium n WEWIE Primula
EIERE)R Tetrastigma 1 ¥RJE Quercus
&R Polygonum 10 442 1k)@ Hypericum
#iiJE Solanum 10 #7J& Dioscorea
K& )E Ardisa 10 #7 )8 Elsholtza
#KifF % JE Begonia 10 38 Viola
K7 J& Clerodendrum 10 32 1sodon
%IKIE)E Pilea 10 JT0LEJE Juncus
KRETFE Litsea 10 Fi#kJ& Lithocarpus
FL3%)E Elaeocarpus 10 i E Rosa
KR4 )8 Coelogyne 10 #£3E Smilax
$HF#E Liparis 9 J£3% )& Miburnum

B ¥EE Lysmachia 9 % )LRJE Aindiaea
H % & Hedyotis 9 /NEEJE Berberis
MeBAEi)E Elatostema 9 YR Cyperus
JREEAJE Fissistigma 9 TFJ& Euonymus
FM44E)E Mussaenda 9 KEkJ& Euphorbia
ER{tJE Habenaria 9 ¥ J& Eurya

F#RJE Lithocarpus 9 bR Galium
HHAJE Lasianthus 8 %% JE Camellia

30 FA57¢)% Rhododendron 17
29 2878 Rubus 16
27 RALTEJE Impatiens 12
25 FitkJE Lithocarpus 11
25 WHLE Symplocos 11
20 AEE llex 10
19 W% &J& Polygonum 10
17 REALE Primula 10
16 JefH)E Gentiana 9
16 HEHE Gaultheria 8
16 AKZETFJE Litsea 8
15 PR Lysimachia 8
14 1hZ%)® Camellia 7
13 )& Eurya 7
13 HhiE)E Galium 7
13 42 tkJE Hypericum 7
12 R Smilax 7
12 2 BEHE Syrax 7
12 F J& Miburnum 7
12 /NEEJE Berberis 6
12 BRELEE Clematis 6
12 7% @ Elsholtda 6
11 1eMkJE Sorbus 6
u BRIEBEIE Actinidia 5
n i 5% Begonia 5
1 MPAE S Elatostema 5
1 JTOEJE Juncus 5
11 4 yiJ& Ligustrum 5
11 LkE R Pedicularis 5
10 A% Vaccinium 5

MEB, monsoon evergreen broad-leaved forest; MMEB, middle montane wet evergreen broad-leaved forest; SWEB, semi-wet evergreen broad-leaved forest.
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RO AT LR ML R X AR BB R

Table9 Geographical elements of seed plants at the family level in the three evergreen broad-leaved forests at vegetation sub-type levelsin Yunnan

B R 5y
Geographica elements at family level

75 AV SR AR (1641 2 I 4% R bk (147
MEB (164 families)(%) PN

Fp L PP R S AR
(11054
SWEB (147 families)(%) MMEB (110 families)

(%)

5744 Cosmopolitan

VZ #Ali 43 Al Pantropic

Hls TP 28 i SE N IFT 17 43 A Tropical Asiaand Tropical Americadisjunct
I S 4> 4 Old World Tropic

POl TN Z KPR 404l Tropical Asiato Tropical Australia

Ol T 2 B B 43 Al Tropical Asiato Tropical Africa

i W54 Tropical Asia

PRI Tropical eementsin total

JLiBH 24 North Temperate

FRILANAL a7 53 47 East Asiaand North Americadisjunct

IHH SR 4> 47 Old World Temperate

W WA Temperate Asia

Horpifg, POE A 504 Mediterranean, West Asiato Central Asia
4> Central Asia

R4 Al EastAsia

*HE$5F /3 4i Endemic to China

B 6 Temperate elementsin total

£t Total

27 28 31
42 34 29
6 7 10
4 3 2
2 1 2
0 0
2 1
56 46 43
12 17 20
4 5 2
0 0 0
0 0 0
0 1 0
0 0 0
1 3 4
0 0 0
17 26 26
100 100 100

SR AL G R B 4y A (SR AE4R 5, 2003)HEAT 40 A X AL G it

Here the distribution types of family is based on Wu et al. (2003) for their distribution. MEB, monsoon evergreen broad-leaved forest; MMEB, middle montane

wet evergreen broad-leaved forest; SWEB, semi-wet evergreen broad-leaved forest.

N, o EJBE29.02%. HH 4A E ALIEIZ #
WA &, W R & 8 R (Ardisia) « S
(Bauhinia). 1l1# )& (Capparis). 27 & (Dioscorea)-
17l J& (Diospyros) 4 J& %%, i Wil /A1 J&, wnss
1# J& (Actinodaphne) « 7 44 J& (Annedlea) . 1Ll 5 J&@
(Camellia) . #% J& . i i J& (Machilus) . %7 % J&@
(Michelia) % ; IH A #a g, R4 8
(Asparagus) . 1% B % J& (Elatostema) . ¥ 2K 81 &
(Buodia)&; #Ay 7y -5 #y JE 90 8] Wt o A J,
7K J#K & (Debregeasia) . Z: 44 J& (Hedychium) & 241 &
(Myrsine) %5, =gy i £ s i AORT o 1L 38 1 o 4 il
I AR 2T 4341 J8 43 3] o 44.91%F144.04%, I 43
A J@ 4 1 46.29%4148.19%, F B4k LLALIE i 7

J& L) Bt i, 4% 1418.36%A119.95%. 15 43 i J& 42
AR i )E, mEARE. MARE. mEY)E
(Buxus). #&F-1iJ& (Carpinus). 111285 J& (Cornus).
tAB(PinUS); RIEAAG &, BRIk IS (Actinidia)
Bk 338 J&E (Aucuba) . T S JE (Helwingia) . 74
J& (Skimmia); &G4 EE A 8, w8E K8
(Dipelta) . # % %i J& (Diuranthera) . 11 i & 3% J&
(Musella) « % % K J& (Nouelia) A& #2 #l & J&
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(Tapiscia)(#10). AR, 2= XU SR AR5 =0
£ ] PHF PR AR L 30 8 P PR B S A [ ) 2
BT RE Rl o
26 =ANEFEAMER TR AR

X 3N H S il AR AE B R U 22 ) A A 1)
KB ER BN, B FEERAR B AT RA
[Fo flhn, Z#r o mmEmecsh. TR B
OFh RREE, R SRR R AR m IR 2
FEVECE S BE), (BRI I 5 SR AR I ROR A g
R R AR A Z, e T, MR A
KB AESIER R, IREAR. BERIL
FEHNER SR 2. R OCRHE B
Bl BPTREA R AR RIE - 18 I 5 2 ] kR o e 28
%z, R A RALNERE . REERPL AL, b
T AT B /N BERE DL R 2R -3k S5 [ Wiy 40 A 1 R
FRHEAE LR s fE AR AR F1 . IR
B S B H PR o L 38 o % R P AR A B8 22 f 3L R A
#Ft.

TE & Wb 573 (R PU AR, F- 0 T 0 2 e AR
AT L 98 S i AR S 3 SR LI A% )R (3R 10),
BATTHI AT 7341 8 o e 8 21 44.91%H144.04%, iR



W AT 8 % 15 46.29%H148.19%, FF- LA E AR DAL
I3 A & Ll B i, %% 15 18.36%4119.95%. 1 25 XUy
SRR AR R 7R T AN M ER o 4% S R A
J& 5 5 B 1 78.05%, I LAY I 43 A J LL 5] 5%
L R B R 29.0206, 54T R o R
15.72%, A AR o A JE AL o B8 $L15.52%.
AR, ZE XU Gk A AR AE AR ) oy b AR 1 R
RO

TX3AN S AR kT R A X R U
FILL R s, TERMZL R b, M % St i R
P L P i PR R R AL R 49.2%, HEAT]
5 AU S AR R B N 17.1%F115.4%. 2
TR S R I ARORT R L 2 B PR R A S A
REAEA X A8, TERP)IX Z I 3 B o 1R $200 (3R
11).

3 Tig
e (EkEYE) (RIEHE, 1987)H, H4EEHHk
T A R ) 2 XU i i AR A B R B A AE o R

A ERATPG R, AU AP 2R, B S HAb2ANE
LR MR A TR A SR BR R 55 (1 7 <Ak

RI10 ZHISNH Lk MR AL X A% S B 8 7

KA DR SET AR EPOn T T 13

ZE BRI RN AN, KR 38 R R B 2, 75
R E R —EBEN K& FEY). B
Hi T 2R ML) B8 2 TR S5 P R A AR Tl 1 3
B b, BT A A G R EL 70,520, H
BTN 2 AR B o R A1) 64.73%. X HERE £
IR TR — i 2 R AR L
SR AR T ARAS TR AR B 2R, e AT B PR AR
%%, 5 R B L R 4R AR 2B 8L (Ashton,
2003), TEMVEJGT b2 — i piy i i) o S B A

2 Y0 45 ] P MR B I B S T ) A 7E
AT R, TRAR)Z B AR 34 1 5 SR AR RL AL,
BB RE AT AN ACHR o} P ot 28 05 ¢ v P L AR
THEEAREIEAR . = F AR 5% (Toxicodendron
griffithii), PLA AR} 2 mE #E H-Aji (Carpinus mon-
beigiana) fll [U 5 #MCeltis tetrandra) 47 7K 5 1L A2 85
(R0 UL T A ) RN b THT 2R AR 0 7E A A 1L A 85
IR BV a5 d L N R A I oY= v o B2 1
B S e N 5 7 NG R s W R R e k)
21.34%26.36%, {HLARAT /- fifioh 3, fEA KA
tAESE, o EREE R G BE R E137.98% (#6).

Table 10 Comparison of geographical elements of seed plants at the generic level in the three evergreen broad-leaved forests at vegetation sub-type levelsin

Yunnan

R P 1 B i TR A SRR AR (834)8) I AR IR AR (795 r LR gt A
Geographical elements at generic level MEB (834 genera)(%) J&) (386)%)

SWEB (795 genera)(%) MMEB (386 genera)(%)

544 Cosmopolitan 6.23 8.80 7.77
A Pantropic 21.94 17.61 1451
FRlE TN ZE A SE N IRT T 43 A Tropical Asiaand Tropical Americadisjunct 252 1.26 2.59
1At F #4341 Old World Tropic 10.31 7.04 5.44
s WM Z KPR 44 Tropical Asiato Tropical Australia 6.83 3.90 4.66
iy W 2 i BN 43 4ii- Tropical Asiato Tropical Africa 7.43 5.28 3.37
WA M 534 Tropical Asia 29.02 9.81 13.47
AR &1t Tropical eementsin total 78.05 4491 44.04
JLiR# /34 North Temperate 552 18.36 19.95
RIAILSE H W4 East Asiaand North America disiunct 2.76 5.41 6.74
IAtHE SR 7340 Old World Temperate 252 6.67 4.66
WA 5> 4i Temperate Asia 0.00 151 0.52
Mg, FEEE 54 Mediterranean, West Asiato Centra Asia 0.12 0.50 0.00
LS Central Asia 0.00 0.13 0.00
RIS Ai EastAsia 4.20 10.94 14.25
T [E 454 44 Endemic to China 0.60 2.77 2.07
BRI Temperate elementsin total 15.72 46.29 48.19
£it Total 100.00 100.00 100.00

MEB, monsoon evergreen broad-leaved forest; MM EB, middle montane wet evergreen broad-leaved forest; SWEB, semi-wet evergreen broad-leaved forest.
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RU B3N EER RGO A X RFE B AR R b

Table11 Comparison of floristic similarities at the family, genera and specific levels in the three evergreen broad-leaved forests at vegetation sub-type levels

in Yunnan*

TP TR Vegetation sub-type IR H SRR R SWEB ZE K SRR AR MEB L F AR AR MMEB
B SWEB 100.0
Family level

MEB 87.6 100.0

MMEB 96.4 89.2 100.0
& SWEB 100
Generic level

MEB 493 100.0

MMEB 79.8 58.3 100.0
Fh SWEB 100
Specific level

MEB 17.1 100.0

MMEB 49.2 15.4 100.0

ALSBRIARNE R 255 T AFIBILAT (AR L& R e (A BRBIKI A4S, e 1100,
Similarity coefficient between A and B is the number of taxa shared by both A and B divided by the lowest number of taxa of A or B, multiplied by 100. MEB,
monsoon evergreen broad-leaved forest; MMEB, middle montane wet evergreen broad-leaved forest; SWEB, semi-wet evergreen broad-leaved forest.

TEAHIEFE A, A 1L I8 g ] P A A A TP 7Y B
W LLFE S RE FRVRL S RHE Y R T K2 A,
HIARL, AH R AR LR M RERE P AR S
() E B o B SR B R AR A A R v LB 1 B A AR,
HEAEM L A EZMHAERZGMH AR EMIE
VIHBER Ry b, 5 RRE SR AR, DAY
AR A . H LR SRR AR AR S AR
FALF LI i 1L = F 4K (Shi & Zhu, 2009) K,
5 2 i AR (Ohsawa, 1991)

FERATIT 61 hmPREHE I, %A R ILFLIE
HIPLARE Bl o 2= KU Sk AR 7 A A e . A IX
R IR ZREME. S R B
2 Y ) % B T PR RN e L R R R T AR X ) B
B EEYXRAK L, €5 R AT L AR
FKAU(Zhu, 2019). 1R S AR A L
SRR AR A TE 25 W AT L b, 38 R
FhZFEE, BLLRA A AN, HCA b E R F
A ] - 55 By pr Ao A Bl G AR, R E TR
()7 AT 1 R R bR o B e D St i AR A
LR SR AR TE AR S AR AE A X 1, 4 e
Ab B N 7 T R g ) P MR T 1) 2 A T B
EAWCRIEHE, 1987). k2, 1F (FfEg) Bi
Zo AU R A MR WA, 5 AT 2 P AR ) 2
R KT IR S ] e ORI R L R R
MR R LEMTEI0 hmPZ R H 4% e AR st 26
REHb 5 76 XU 490 s (1920 him s 254 1 I ARRE
LA b, RN AI20 h? Bt 2555 1 T bRORE M HE
459.76 - hm M) AR AR Wl 55 3 TR Hh B 2 XL 4
W] PR 58 2 — A 1 AR SR AN G B R A o DR 3
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DT, Oy S ) R R Sk fE PR (2 D B AR
2020). FATHIHE RN, 7E7EXRZN800-1 000 mfik
Y bR RN, TERINE, B
BB, A ARV A XU ki AR (R VR 3 DA
A A7 AL RIS ARSI RE R ) o DRI, 7 2 B R R,
7 A S ] P R RS 2T 1 N AR 5 A AT 4 (B
S

HR L A i T R 3 B0 A E E 42 000
mUL_E B A, © 5 e W R SR R AR AE 2 AT
Wk P ES, (H U IRZR L0 0 S R M
2 b IX PN SR I ARAE 2 B I A 7 B TS
(I HEAR TF e 250N (Grubb, 1971), BIZE K Ll A4 4k
AR, TE/NMOISL I AAR  2 R K .

FEREDT E T, 401 he? B H i 28 35 B i 5B R
75 XUHE ] AR TR AR B (R 24 T K s AL 2+ R s i
EH/NEAL SRR ) A 189, o B Ml SRR B
52.50%; AEA7 A L Hb PR =0 1 5 4 i AR TR AR
A 6280, RS A A1 35.63%; 1 K E Ll
R S AR TR R 408, R LS R
B1127.78%; LG i 4 i PR b S TR AR
FhSTR, HAEHUE A EL34.34% (FR4). IX—4E RS
Spicers (2020) B 7T 45 KA, TRAK I L FRAY o5
FE 1A A2 35 B A AR — 22 DT (22 XU SRR 1 bR
Fi =B ah) o

TEAE B 2 2 TH A X R K, X3 H
2 A B 2 B BFORRL $ O A A R,
i % 43 A A RN A AR D R TEREPIIX R
HEER o b, S5 2 TR A P ) b R RS 53 ) A
ABk 24 A % ] P AR LA R % B P 1) A



WA R B BU144.91%F144.04%, 55 3 A R
% 1546.29%7148.19%, F ALY 70 A7 J& Lo i =
% 1518.36%F119.95%, —#F AR HL. Z=XHLkIE
HMR U 2 7R T AN ] B R B o 4% SR 381 0 AT 8 o
KB E78.05%, I LAFAT VI 43 A7 J& L 5 5 i
T 3 G o] P PR AR A I 2R 2 T AR A IX R 2L
PRI EL R S, 2 4 B PR 5 o o i
fia] P BAAEL ) ot 1 AU 15 49.2%, (HE AT 5K L&
R R AR B R ABL AN 17.1%7115.4%.

Z A SRR ARAE (raiEaE) P BT Ak
HARAE B BT, 4 THEHE W B 5 2 (R 1E 4R, 1987),
TE BT B IR A [ B bR o SR AT T R
B A AR P Ak AR A R
YRRV R 21 R A R Y, 45T T
AT T MR 5 2 ] P PR 5 L 3 1 i T
AU A T80 L L TR 5 i) T MR A R AR A 1
(R Kt ) 2F 16 708 i 750 5 2% ) b bR R e 0 780 (A 7K
2004, 2011). ANRIERE, WSk E AR A A b ) 2
PR 453 R P PR A NV 284 350 5 38 FH 9 23 A 1 7 S #4 e
X A b R A . AR A A B, B —
Toh A AR 1) AT BRAR P 28 2, & B #vily
TN IX R, Ao B 2= AR 2R 7S b
PURFAE, E R XIS el T AR S,
RIY A Z  F PR 7 AT 7E #vs b  Ba E Ars h [X
(AR PR W v 23 IR (76 2 1A 176 g 50 R i 350
JHAE00 mELR, 762’ A m B A1) Ph 7 R AR
500-700 mEA'T, fE#FEFE 4> A /800 mEL T H#i[X), T
DA A —FIAE K 2 IR AR 3 3 T AR BR
ZAF BB RIS (Zhu, 2017). TERIREX R, 12
AERFE BTN AR Bl stE B %A
N TR IR 25 A S R AR o IR AT I 2R B 1) 2R X
W S R AR 7 A P R A L R e e
L 1) 2 Y i S A P AR e L e
P, TR E AR EE S, D I 3 S 7R S AR Sk R
M, AP (Ashton & Zhu, 2020). 3 TiX Lt
FRAE, FRATEW, RHAREME, WTRAEK =
(14125 JX 253 ) T PR A ST 7R 3 AE 7K T b AR A
B R H SR AR L . JCEE N —A
BRI AT LU HB R R SRR, R eh TR e B AR 4
B PR Ll SR AR . SR B Ll (L)
SR ARIX — SRR, — T R B A BaE
A O A i o ] P AR A 2 L e 5 B T

KA TR SET AR EPOn T 15

R SR AR, S — 7 T S 2 T R S )
AL 0 215 PR Y AR AE X R (Zhu et al., 2005, 2006,
2015, 2019; Zhu, 2006, 2019; 414, 2015). 1E1E4
(1) 2 B R AR 22K, EAE TR R B W 5T
SR R WSRO 22 BHEY) &R 5 St
MR, G — IS S A AR R, R AKIR
& BIFEE, R AR PR AL, B R 5.
I3 A 5 H AR AL 2 8RR AR ML XA 2 XU At
FE AR B M 2R, AT #S B AR ) — SRR AIE s 7R A
MIX KA L, Ao AmE PP AR Es, AR
P PR ) Sy o S AR R A . AN
F ] 7 o 0 TR A YR A P [ S U, R R e
T EE B 7K T b P SV o K] Aot 23 IR ] T PR A
WA (32, MR A&

MARIE A BET, 2= B o Sk A I AR B AL 113X 3
AN SR MR B B AR R A R ESR AR, BEOR T
AT REA LRI IR, ERAE TS MM
Hi BT SR A IR R I R ARS8 PR b, 2
JRCH S5 ] P PR ERLE LB S A [R) 24 0 V of T
A LR SR FE AR 28 XU S AR A —
ety L R A, e 0 o il e AR oL i e
£33 o P AT A R U AT R R A

TEXT = FEEYIX K05 E, WA REEDIX
REA - PGl IR %, B =LA
AR T B AR AR X R A b, Bl
HERIREF:, T FPEFILIE A X R o 7E AL S Hh
XIBE K=Y FRIRIETE B, MAE R LI, R EOEE
SRS B T RR e ) AR T ) e R, GRS ST K A3 5
B ORE, AR LA W 5 N G )
X&R; =Pt X s =2 R WHEIX RBDEE
Z 4 57k 2 (Zhu, 2012, 2013, 2015, 2016; Liu et
al., 2017; 44, 2018).

Jacques& (2014) i 7t 1 2= Fd HOB HH IR 13Nk
Ao GRS AN RE RSB IX R . B
B, st A R B R R EE 214 m, AN
FAA 2530 m, FeB A mi21 936 m. X3
A REALURRE S (1) MU s LAFE R R}
Y G ALH, BRI A/NEE, SRHEY I B
%, (QERMIHE > b, IGIE A Sz A1 4
ARG SR — ¥ AR/ DN REA A SR
A2 GO A B R BB 25%, iR A 43 A B
TS A A 5 BI50%. (3)TEJB I |, s
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WA SR A JE AR 1 64.1%,; /N e TR AL

W AT g 5 R B EUN47.1%. XER T It A
SRR, R B R A R, N R
A s R ], X5 BTN FERAETR S, RN
B BT T I IX 3N A s ERAE T X R A 4
FKAW) 5 5o

FEIX 3N S il Fr AR A 7 B BRLAE ) 4 A1 5 3
A SR AL SN, BRI A IX R ] RE AL .
X BT BLLE BIARE R AT, I A s e 2R XU 2R
ARG, NI A p R S B AT S 2R
R R AR o IILAE 25 B (103X AN 2 ] P A 4 T
RIERLASE R, FERV S RHME Y A TR A Z (1 35 B
a1, IR S A AR o L R AR A
WA R & B BU144.91%F0144.04%, T5H5 0 A6 R
57 46.29%07F148.19%, {15 AL #H PR, (H 28U 4%
W] I bR A 23 A S o e R A1 78.05%,  #vis P T B
o 256 FE T s R AR E R ARk, A
N T ) SRR I M [X. 2 (1) A7 e Ho
CLIF GG, FRRE A PR I 5O A )20 1 A BR AR A
TONaE, 5S4 HERE T AT AR IR R MR T IR 4k
] AR A L SR R AR IX R, T A B
AR T A 1) B0 R S TS b A B ) AR e R iR, TR
UM T 2R R S R I MRAE A X R o 1K 34N S il AR
TR0 B (PR X R AR ) B s, 2
FE AR L SRR I ARTE R, B R R
LI, HEAT]5 2R R St I ARAE R K 12
APEIRA o X 7R T 3R 3/ S ] IHH M g S 784 ]
ReA L E AR IIRRYR, ERRETHES R, X
i 4 R A A AT B A3 A 3 4 S
Lyl 5 & i) i AR (Zhu, 2019).

ST P T REL) 2 9 S T BRAT TR R A 7 sk v
HIE SN, Bl 2 e B A 2 T i R 4
3300423 2005 £/ H A 7 5 IR ZH X A B
PSR AMERE . BARE. AR, 15
HAiJE . HE%HY)(Tang et al., 2020); H & HH,
T8 1 JE ) S X AE4 7005 SE Rl O 1 I #4
T AR AL (Su et al., 2020) . 25 PU 22 ok A AT LLE S 1P
B A R B AR 2 AR R R A X R AR, RAE Y
TR 7z R i R B A, BRA B4R, 45
A I R I TR, DA AE R A R
JZT, SFHAAEYX R AT, fENR
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FAE BRI R e L R KA A28 2R (Zhu et al.,
2020), {EfH{EME w7 Hh BRI 5T AR

4 “Eip

P i AR MO RS A SE SR LR, R
BB ZE R TR G LH, BENIEEM X RAK. &
AR HER Ry S A8 R L. TR
T T SR PG o S P 2 X 6 B T R DA R R R,
S BT YN o A o5 AR5, 2 2R R RS L R
SRR AR — AN A3 ATE 2 B WA 2R R
b X P 2 Y8 i 40 B P AR H L 3 i b DA
Hh [ R A R OR R - R A A R S A,
] VG P s AR AR 28T o 2 S B PR A
Iy AGAE 2 B i IR, T A L R T PR 43 A A
B LH R4, Rl Z S, RS
] AP L i b DAL = 1 [ o
A5, FERERTE, HRTTE B R RY XM H X AL
TRAT ™ BT AR Wi BN A REN, Nigh
TSRS

TEAE M WP 2 TH A ) (X R R b, i
£33 ] PR R L 0 5 % ) T AR P A AL
b BR 4% R, B AN R T ZR XU SRR AR, e
TG 2345 J8 4% 15 46.29%1148.19%, Ff: DAL iR
Iy A EL B i, %% 15 18.36%4119.95%. 75 XU 4
] PR ) A 20 A J8 o R B 78.05%, I LA B
MEI A i LA g, o R 201 29.02%.  1X3
SR A ARAE A BRI SR AR . X2 B Rk
TIXHE LR MAEYIIX RO RAET 404k G5 A i
JR 3 S AR A R AT, 2 PR S R I AR AR
YIX R BT RRE M OB ik T 4R, A E S
L B - e A 114 10 5 S TS b o A B ) 4R R b ik,
2 P M3 S A P SO R A R A AR AR VA R X (1)
FAb, 2R B SR RE AR X R 0B A AN BN )
2 I3 A BE AL RS R (R AR e R B B Y, R 3 1)
75 X Sk ) e ARV A DLARGHT 10 R 3 1) 4t T
PR — oAy L M S R AR o 30 V] 4 i T
AR L P P S B P AR A A 5 ] A S e X g 7Y
A B 453 A P APAOGT IS 1 P8 3 L e 0 I Ay 5 4 )
bk, B RERIX LA 2 AN, AP TR E 7
FAER, 2 R 4 B H AR A B e 2 XU SR
PR REAE R — A B s L R A 28 T IR
TR AL SE G, ST 2 R Ll G R A
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