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Origin and evolution of biodiversity hotspots in Southeast Asia

TAN Ke'?, Pastor L. Malabrigo®, REN Mingxun"? "

1 Center for Terrestrial Biodiversity of the South China Sea, Hainan University, Haikou 570228, China

2 College of Ecology and Environment, Hainan University, Hatkou 570228, China

3 College of Forestry and Natural Resources, University of the Philippines Los Bafios, Laguna 4031, Philippines

Abstract: Southeast Asia has the largest archipelagos and probably has the most complex geological history in the world.
The overwhelming monsoon climate further promotes the extremely rich biodiversityin Southwest Asia. A large number of
primitive taxa of angiosperms including Austrobaileyales and Nymphaeales were found in this region. Several tropical groups
such as Cyrtandra, Aeschynanthus, and Begoniaare distributed in Southeast Asia, especially in Borneo Island and Indo-
China Peninsula. Thus, Southeast Asia is not only a ‘ museum’ of early angiosperms, but also acts as an ‘ evolutionary
front’ for some tropical taxa. Based on the plant distribution pattern, climate, and geographic history, the whole of

Southeast Asia can be divided into four phytogeographic regions, i.e., Indo-China Peninsula (a part of Indo-Burma
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hotspot ) , the Sundaland (including Malay Peninsula, Borneo Island, Sumatra Island and their adjacent islands), the
Wallacea ( Philippines, Sulawesi Island, Java Island, Lesser Sunda Islands, Moluccas Islands) , and the New Guinea. The
Wallacea experiences obvious dry-wet seasonal changes in one year due to strong effects of monsoons, while Sundaland and
New Guinea are wet for the whole year. Indo-Burma was connected with Sundaland during the glacial periods and acted as a
‘land bridge’ for plant dispersal in Asia, Australia, and the Pacific. Consequently, Southeast Asia became a crossroad for
long-distance dispersal of modern angiosperms. Borneo and Indo-China Peninsula are the evolutionary hotspots for the whole
of Southeast Asia and act as  species source’ , while the Java Island and Lesser Sunda Islands are mainly ‘species pool’ as
most species on these islands are immigrants from nearby regions. For a better understanding of the species dispersal history
and the formation of phytogeographic regions in Southeast Asia, the updated molecular technologies should be used, and the

plant taxa should be sampled in the entire distribution range in future studies.
Key Words: Malay archipelago; biogeography; biodiversity hotspot; long-distance dispersal ; speciation
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Fig.1 The biodiversity hotspots and their species diversity in Southeast Asia and nearby regions
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RGP AT R RIS B L (3R 1) o BIVRE - ) X BN O S AR 1 S 2 A A DX P
B RS R TR R R Dipterocarpaceae ) | % £} ( Zingiberaceae ) Fl %} ( Orchidaceae ) %) i) Z ¥
P 54 A g 272 JTETTE 5 B ( Gesneriaceae ) | 42 FE BB ( Malpighiaceae ) F15K 1 3¢ J& ( Begonia ) 153405
FRA L

VR S X A DX I — i KR K 5 AR 20 4200 il Hob 397 OV R B ERA R RS
R~ R

F1 FETEYSHEERRXREERISE
Table 1 Basic information about biodiversity hotspots of Southeast Asia

R A IX EEKE mRVKe?  WBEE RAEEE ik
Biodiversity hotspots Mainregions Area No. of species No. of endemics of endem?cs References
EJVZ -4 [X. LR 2308815 13500 7000 52 [2]
Indo-Burma hotspot R 35400 4200 397 9 [77]

=R 150000 4915 566 12 [78-79]

S VGV R A 98000 3800 418 12 [79-80]
SRAt X 032 132604 2138 276 13 [22]
Sundaland piNmESS = 479513 2068 215 11 [2]

EEM 739175 2714 989 36 [25]
JFEAEE X Philippines RS 290235 1846 511 28 [2]
#3+ X Wallacea LY 182870 1215 172 14 [22]

JIHE 132474 1347 63 5 [22]

ISR AR 98625 902 46 5 [22]

Ry 63575 937 83 9 [25]

2.2 FEflIX

FEAE RN BERU ATV AR IR AR R R A R R i o B i B K A
ZREVE SR R R LR A 36% (£ 1) A R W X R A AL IS e AR
( Dipterocarpaceae ) \5¢ ) Bl ( Fagaceae ) . 5% 58 % Bl ( Nepenthaceae ) 55 2 B Y W) Fh Z FE M S5 486 th O L T
ZN

Hb 5T s b 3RA T Bl ( Sundland ) S22 AR Rl B A O OER A3 Bl 1 e 34 el XD BL AR B A BT R . R
e MR 5 g 5 AR TR 240 X BLAN B 23 5, 47 % 42 ( Carboniferous ) B 81 B PR Z 1 IX ) R
AR (Jurassic ) , %5 PN VY BE 0 JTCHE 5 AR 5B LA S 9048k 5% PG 25 AU oty Fifi 43 25, F 11 2248 ( Cretaceous )
SRR R AE AT TRt R (Early Miocene ), %5 % Yl b R 5 AL HE DL K LR VR K ET, 55 =42
(Paleogene ) Bt J547 Jak P4 55 D SRAth vy i 205, TS BT 332 1K) B N850 VA Uk ( Makassar Straiits ) 70 8 Sk LB 537 8 P
By 5B Ny A s e n Bk (1 2,81 3)
2.3 LI

RS X R PG B TR /NSRABAE S | Eh & e R SR, Bl /2 (1,58 1), SRl
VAR SEA X A R PR PY 5 43 A A 1215 BB, FEA Rl L BIHIE 14% ; D& BE 8 BAR P R R 3R 10%
WX PN 5 7RI 5 A B R o AR O B AF ) 22 AP v T I AR R IR gl v 5 (ERR A
FEEBINAT 5% , HAEY) ZHREMETT RE 2k A F AL B 05 0 E A 2 YRR 1y« FpE" 2 25l , /NS
TR S PR 0 M 37 8 b (6 2 2 BRI A B P B A 22 R, R X mT DA — 2B R R 2 AN/ X
— A IR S 0 R A 2 B, R DR b A AT R T R R B TR R < AR IX L
DX 5 3 — A DU A A5 JTOHE B A/ INSRABAE &2 4500 < A3 L IX R X AU X Z AR R TR 4 (B 2) .

e+ IXJE AL (Araliaceae ) 25 5B} ( Boraginaceae ) | i€ fEF} ( Convolvulaceae ) | ¥ BB} ( Cyperaceae ) |
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Fig.2 Long-distance dispersal of typical tropical taxa in Southeast Asia
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SEA A LA W UM 2 REVE (1846 i) HIE 30% FYSFA R ELR ) (3 1) (HIZHLIX A9 26 IMEFA
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A=k A R S USE A SRR« R 2

FEA T 5 XA, 52 B RS A EAE TR 5202 20 WA 7 b AP 1 2 IRV 32 b 1K ) o w7
FERALE 5—9 AV nZ AR AE LK E 2 5T A SR 1 SR A
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W, R AR A AR T3 I 3 A RPE N 3 A1 o 5 — N ISR 2R TC iM% B (Amborellales) , 2R e LI 3R
T &Rk Z W R IEE TEAR Rt B ) O R A A (R U M Buerki 2T IR AR
W5 2= AR D AR5 L R (29 150 Ma) fE gt 15 gl A i W0 R o4k, I e R 0 e 722 8 e O
F7 T REFYIZERE T LA Ry S AR R ) 1) o S 5 5 X i 2 —

3.1 HBRTF}(Schisandraceae)

TR TRSRIE TR L Y5 ECh BT Z — . =8 90 RF ORI AZEL) 43
SR ARG 658 B S iR IR T 135.8—131.7 Ma™ Ak Aok B Tab 3
iR AE R BT R R I T PR M R R A DR R U SR AT T RS L R 1Y
5 iy il S 1 v R R A X

IR 2e 30T, 2 X0 Oy Bl 4 0 2 AL e | PR BRI Ik I P # 2l , 2RO AR 8 V8 5 N2 75 i e i A R
I b5 A5 A A, BRI AL 5 KT v 35 45 b F) Tk R A K K 40 st g v [ B S
R R 5 97 WA Rl A R R A o] AR ATl ARSI, A — /N R B 92
P IX | FEAL LB AAUERY Schisandra glabra F1HE 53 S chinensis 5 A I B (8] Wi 43 A 14 5L 0GR GH 4R 2k
B IREAER X S N S A B TR TR R oA O R
3.2 JEH B Sapindaceae)

TR IAEE TR ol B R — T AT TR BT il DX P R R b Xy 2
M ZREPE S A L 22— RHR LR IR T (T HE 40 (24 145 Ma) (957 0004 Bl (Laurasia ) | B /S 2 BERE Y
X LAy Bl AR R Bk B e R 3 S RO R -AE W Al - 25 om0 on- B B2 -2 A . AR R -
WK

X 3 Y B & A A T AR I AT (61.7—33.9 Ma) , L g 2 BR A 1R R AR 1S A TG R
TRV BT, FELY 44 Ma BHZBHEYS LG B Y R B 20 S WoRT ) ) 4 Bk A1 2
ARV T TH T WA AR 1 SV 22 05 5 6 1 9 T, 0 =2 YR K o %) 1) A6 R 31y, A T B8 R HAE ) ) IR 26 32 < ke
MEPFTHE T 29 ' | RIS R D A BN K B 5 AR RIS, TG R TR B L P I ) e Kl
JUFB 17 2R 4k AT R G AR BT R BN TE R TR AR IR 0 22— R, AR I [ e
T3 1805 TC B8 B ) (1% X S RN AR A TR
3.3 FEYIWEL(Pandanaceae)

FE SO R B IR o T B 2R B — 2 750 FhUYT D ERYARE R 8 AN ZREE A Y
BOLNTEEy s B2 Je 0 MORHNE JEARTE 2B rg 8 ik il m | 5 b se MRAE & ( Mascarene ) | 111
BULANE S i BRI 3 A8, AR T RE G 58 SO R A A U5 b, th SR fr

Gallaher 5 I\ , 58 SORIRL AT BEAC IR 57 W by ofi (A AR STE N AR — 7 ) |, 30 e B 3 4 38 36 Al e
XIFCA BT (R4 A AR U 25 )

4 EMXMEE-AEXELMAEENEEHLAE"

— /AR AN RAE LA 0 DI, ELAT A v O e 0 A R AR AT R LG A9, BRIV OR R o Wy b g 30 48 53
PRI HAT BT ), IR 0 DX T BROZ SR < FEAL TIPS S5 2 1 b B
AR X Sy 38 (R T AE )T 1) IR R B R [T S BELDRTT 1 40 e 22 T 698 i PRI S0, Ik 1 0 e B 0
FIBTRIE I > R, 23R AR TR e ) P st DR e e 31 T B G BEAE, FR iR S
H R B 2 T I R (29 20 Ma) B R SSAR M PO 3 A — AN A X IR Z52 0 T AR g 4 A
A=) ZRE PRI DX B P R 2
4.1 M7 F( Dipterocarpaceae )

TN e 2R B S AR R AR AR SR AR R A | 7 2R g S PR R AR AR 2 AR g PR A W O G A
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FAO S el AR R R S 2 0 XL AN BT S R T AR A A B B ] A ABL ( 130—90
Ma) ' SRl ERHEA KLY 16 J§ 550 A [0 A T L3 ARPIAISEI, Horh R R A 4 90% LA L iy Hy
(A DA ) A 2 8 e 1 8

RGBS IR T X FUAN o Rl AR N X BEE X P oy i 2 1) S8 PRSI
PR N R B R R AEZ 90 Ma At EYEEARHURE R AY T BN A A 1) BRI K B iz B
PR, BELIBT T 53 28 Ak BT i X A B 38, it 17 ity M AR N S XA 45K (0 M 7 45 e TR A ) K i 2K
ot FEARMNAR ACHIEAT T B A A 1 K 4 AT T SRl S s A R AR AR AE 2 ST B Y Rt
TEAE T RO KB 2 H, 265 AR T R IR 1128 i 5 A 5 — e I R 109 4 fih , hes Jii 85 A 200 T R 7 O P 8 2K e IE.
X 2 e AL RARY L, R A AR E S IR R R 0 (25—5 Ma) 'S BJE, 2R T
W, o i 7 A 0 BRI 2 RS o A A T R 3 BT ( Oligocene ) TREST-THT T W, 4% 5 W5 =2 i) i e A 32, ol
TN BRI — B R BB AR A
4.2 HREEIE (Cyrtandra) FIT-EE EE (Aeschynanthus )

R E B RS B B WA R E 2975 800 Fh, I 12 /04 T4 B W SR T S 5 50 R IR B R
AIREACIE T 26 Ma'™ W& RGPS AR R4S S 0GB ERG R RR A rhuO A T U JER T R
JUPIE S (&1 2) o 128 7 St DX R0 B -4 ) X ( TR e 2 ) A R S s IR A, R 0 S -1 B 5 - A )
FA SR ARG U FEA R 5 AT 5 05 1 P AR AR T RER JR T ELASR A SRR AL 2T, 36 1 T 19 24
KIFESAEAE , HAE R TR UG R T — B 2 RE A o > RS B 8 1 R MUK BE B 98, ml RE
AR SR IO, 3 I i T 4 L SR 1 5 SRR TR O AT N = TR R A% B 0 =2 ] il
Mo R R PR Y B R AR WA T

AWMU ETEERR LN SR SR O, T s %001 B FECER % s i P 3
“KHEBIFT” (key innovation) ' TR ERIEL 20 Ma 43 N O o — 37y g 2 I 1 B RE R 3R A A
By, X B E B YR B R B Y, LUR] TR AR B DU 2= 53 B 04 T4 R BT b AL 75
T3 — S R AR B 1B LI SRR P S5 B (& 4) | 3X — SRR 4 S A 1 A 10 B TR M, e
THUEP MR A R, R Rt X R SR b Rh AR P S R N & A R A B SR 1
VR AE PN TR BRS040 eS8 R i an A AR AT o 2l BRBRKR AT 22 )8 (Aglaia ) B
F 15 Ma FiJa , FERER PN A T Wb 17 43k, T2 B T 12 0@ BRAR A b 43 A vt )

4.3  GHIE)E ( Pseuduvaria)

GAAEIE 2 56 B, YA TR SR, S A T IH AL G i X G AR 8 T RE R VR T OB i R0 (2
8.3 Ma) HySRAKRE ', Tk i A LN I 5 2% Jm B A A o™ R T REAEZY 8 Ma YRS i 8
PR 0 < 5 K (island hop ) SR SEIL T K BE BB AL, IR B LS '), DR, B LN I 5 1F 2 3
S, FERR 2 8 2 U AT FTULN I BT — 4K 2 1300 km (LA F 43 LW 4508 i 5000
m" R R IR I SRR AL, A AR R I I SR SR S Y HGR R Y & A T B N kAR, A JFOR 5T B R
A B2 70 O T LR JC B (R (6 A8, A3 IO B 0 I B R 1) 2R AL 03 0% O R g FLAG 4R SR 07 B, 4
B A JBAERT TLN L & i PRt i 1 431k 5 e L ik T 2 e o S8 RRE 56 | B I A5 TN I B Ry i @ AFL ) 1Y) 3
PRRTVE ) 2600 F R € 24 0T L ik | DR I L X B4 B I ML
4.4 FkitFHJE ( Begonia)

Tkt S AR PR T A AR, T BB S BB R 2 S P B SR LD kB ZE 2o (18 Ma) 4K
IRV, B PR 1A S A PG 2 DI P A Bl A0 78 2 4 P8 0 4 B 2 DR P 3 3 — 3o R o kv
DR 6 WL K BE B e L T Rt 1 1102 3 5 A K ST T ) T
g, R G S SR M R B B S R IR T AR oAk

RO S R A WA A A S AT 3 MRS N — R0 AR N AR A R b P R - ek
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BALTRIE AL 3 A3 e JE LA P R - rh g 2 B LR o A b B R R A TR R Z T X sy L
A B HAR 102 U £ XU SR 1) S S PSR R R A T, A0 e M2 B B BRI AR ) AR DB PN
o 5 B EE AL SR A A B S T RO R R T

5 Aml2EMKESY #N“+FK0”

HR B AN, T BRI R | B R R AT v R AR e = 0], Hob R i s g g 27 e AR
et AMT3R B R R B Sk T R CE AR ™ o IIRFIE 4 A AR ME R
b X PRI 5 T S R RO AR R A KB B B S — A R A O (| 4)

5.1 WP AR R B

FLTE TR (24 20 Ma) | B YR rP g 2 K5 A R 1l 0t DX DRl A 1) a2 A 0SS i e
B 1) SRS, 45 B2 20 U B ) 100 b DXy B < bl U BRI, A Bt 30 % o A S K A B B, AR R I
RES WA HL 2 P b 2 B 1) 5T 1A AR RS JTCRE Sy TR g rh 5 )% 208 JLN I 5 25 ph PG 1] K7
977 18 R

AR HE L H P8 ) ZR AR BB IO R R 3 (18T 4) « (1) s vk R g B Bk f I S B A
IV B 22 1P 6 B R B < Bl 5 (2) #l < BRRE 5 A B IR | AR Ak B 951128 i B B AR e A
IR VBN B 5 (3) XU PRI B 2RV E P R B i R ) B

B EE A B 55 WO A SRR 13 1 ELAA I (B] A BRA P AEAR R, 7T DU 28 B2, 253K S R B W4 fd s D
JEE A R 55 SR At vy ki 285 B AR, A R I Ve A Aty AR S A R R AT TR 7 AR R b X ) A6
*ﬁ*ﬁ%ﬁ( palynoﬂoras) EF‘ y J&Tﬁ(ﬂ”i”ﬁ%ﬂi( Paleocene) *nﬂﬁ%?ﬁﬁ/ﬁ;q ( Early Eocene) ,E\EI]E< @ZIYJ Eéli] ) ﬁ?
BIAERRL , QNS 8 ( Durio ) MHEARJE ( Gonystylus ) if 4= & ( Beauprea) i kT HLFL ( Restionaceae ) FIHR S A
J& (Mischocarpus) o X ALK A B[ EE FIAR B M. 22 [A) A7 A6 A — ZR 0010 13 18 , 2 X SEAE W) o) R 9 B = AR
WO AL R Aitchison' ™ A ERERRERAR T AR R SR b oty B 04 D 11480 I DX R REAT Ao Ak, TR 2 A
) 55 Ma f71E— S8 U TE B BB 7

TR PR B S AR AR A5 P R SR 5 M 2R 1 IV 45 5 0 b BHL 2 Jg (1) e B AR IR 3R, R IRUAT U A
R W I AR 4 8 B RAER R (Hiptage) 5 &5 IR (Aspidopterys ) Bk 5% ( Begonia ) 25 52 B
PR L X SR ) 2 B SR AR AR R R B A W IR SRR SRR R LR TR i
AR ) B B, A 7K BB F-F4 (Nypaceae ) T B 40T = J52 (19 2 24 Jot FUAC 4 o 25 4, e HCTT UMK IX) L 44+t ol
1 PG AL AR FR L e Vg B 5R A R I R e S ML X7

a8 SRR 6 22 R 0938 A B B AL R SR SC MR AT REJEAZ BRI I A6 Dy 0 Y — > SCERIRT Al ok
FIE Y Pandanus basedowii HS2ARES 3 W T KUBAGHE ,Sararang FEEEE YO & ( Freycinetia) S5 AE 3E  HCAE
AT B, Sararang FIRERE YU JE 043Pl i R SRR VER A 0G0 . ERYRRIRL 2 AL SR S h T HOR S, W] e
SEVZRMEY T2 A3 A T ARG AOTPE S 0G0 — A SCHER R . BRRRAT 228 (Aglaia) '™ 3 E BRPRE
BB AT RE S SRR AR S I 04 % 4% 1 S R I B A 3 A A SRR (8 R A Ak L BB A T
SRS FEIARY B A R IR R0E I 5 AR RS SO LN S (B 4) .

5.2 tHZR 1] Y HOT Ok A ) A

WRYNARIRAE L) 46 Ma Pl LR sl , ZE LGB (29 15 Ma) 545G AR B AR, B35 2 BREE R vKk
K , VKI8T 14T e, JC B — 25 R ORI N A 0 AR B 5 Tt T 2 i Y e SR R
AR ] LAFE— 28 10 AR B IR, T HoR A T IRORHNEAL 8 LA I & B AR P du A5 LA Ta] P9 L

F Y B 2 SR B AR SR TT LU =28 SR —38 §T IR U R R B, FE W AR R N AR
M il 75 1) 0 b o B B R S 05 P OB, W0 RR 22 J& ( Phormium ) , K K B J& ( Casuarina ) 1 Bl 3 #8 J&@
( Dacrydium) "
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Z IR D R S A < AR AR ) DV B AR Y B B I X — S SRR Y
FASAEFR ( Ericaceae ) & #AEFH( Monimiaceae ) \ JGH T} ( Sapindaceae ) BYRFA FY P EGE I 1550 Fh, 454 Fi
Ll ik 549% "% L& K A Bl B FHR T 10 Ma, 30 LXK 46T 5 Ma'™ L B MR A8
B T T2 T B BB TE Y B, XS BANE (Dacrycarpus) (YT LN B RETHZ 5, A RE MR K
A B EAREW T (E 3) .

6 Z5iE

R RS A B R IR (9 A ) 22 e S 2t L rp A i 3 o DR TR ST 1A 00 10 S T 5 sl X T
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FHESY ARSI, 7R 4 A=) 22 PRl DX SR 3 0, 5 7R B S 5 B B R XU TR TR
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SCAR Y IAGIX, ARV RN XA P FE AL A B Z (8] R P RO RS g S 45 SR AF AR R I
A JE BT FE R S T RESE B IURE | 1156 28 2K 1 S AT A 1) AR ) 22 R P A it D b A B L X5 P i L X D
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