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DOhota, S parvifolialZl DWW THING EHULEZEmR R o, MEOREY =/ no—
FER - TRV, RHEMZRAHERHIIEE ChinEEX b, MEMEOLET, 97 ITITIK
<V I0APBITHE T T L (F()-8) .
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20094E9H —11H T T, BIEEO—4DER DO MEHEE 2 1~ 7,

L ENAS2haifiERICHEL GBS, curtisii. S. leprosula, S. parvifolia® kA (X (1)-4)
DvA 7Y T4 MENMDPOITHETH L LHEEINTEAEITIR OO, I LICIZIFRAR
LU N—TFIaEs e (K(1)-9) . LL, EOEENLLS. parvifoliak [AE I - EED
HOTEAE LS. curtisii RESINTZ@EEDO RO UEKIZS., leprosulaBl DAL T 2 E - T\ i-,
INHOMEEIZELTIE, AEDIADREMENRBEZLNLDOT, HEZHEHRBT ILEND
%o

Femt 7w b (K(1)-10) »HERE SIS, curtisii (118{EK) | S. parvifolia (91E{K)
DFENT NS L HEREZ R OGERIT RO S eho72 (K (1) -11) , F7=, FEREN S WFEO HEFE
T D EHR SNIZAERDOEIEF X2 TS, parvifolia®Th D EHEE S NTZ, UL EDORERMNS
VU= s TRT 4 TRLNTMAER ST BRI, T EAHEXANTOMERE AT E
AMERZsTWRWnWEEZ LN,
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2) 7 H NI X BAHER O BT FEAT

DNAERAIB LN~ A 7 v %7 T A4 MENTIZ K o T, MREEERPSPARICHIITE 2 2 &R bnro T,
Fio, MEREERIIREERD, B REAETH D Z LB RBINTEN, 7T AX —fRHITIC
Ko THRERXR LRRMEAEAEHFET 2 LIXRN#ETCH-7, 2T, 7% 74~ 72y k2
O Ext G~ 7Y T 74 bT—F %M\ 7 a7 7 ACERVUSIZE 28+ HEZEIT- 7=,
£, HER O XA T & BB O LB E - & Ol S S HERBHE AR O FE 18 & B E LR R
355ME A, 20 AR D REBHEM 2N R E CE 72, ZHH20ERIC OV TIEM B 2 #E LS R, 172
RO BN ETE - (£0)-3) . S. leprosula X S. parvifolia M:fE (BT2698) % f& 7
BUCFF SR ON, 32N HAEHKE TH - 7223, H Y O10{8KIXS. leprosula, S. parvifolia
OWThnEtDORLAEBENRTH-=, /2. S. curtisii. S. leprosula®D\ T Z fEF-HIZ
FEoEMEON, S4B RN MR A ZIEMBLICFF M Ch o7z, iz b, Ymy h2T
WX, RO ZMEMADHECHE L OREEI1T>TEBY ., ZOME, MAEF2OK LACELIZH
KT HEANEVEEGTELTWD Z ERHLMNICR ST,

K ()-8 TEAARNTXEHRMHEMEEOBR BT OME (77T 4~y bh2), X
FUTMEMLF2 F 7213 R L A2 Bl ik O 8 8 2 - 3

sz50) D o
Brss @t iR

S. curtisii  S. leprosula  S. parvifolia Hybrid Selfed Unassigned
BT2527  S. curtisii 9 2 (0.222) 0 (0.000) 0 (0.000) 5 (0.556) 0 (0.000) 2 (0.222)
BT2707  S. curtisii 5 0 (0.000) 0 (0.000) 0 (0.000) 1 (0.200) 0 (0.000) 4 (0.800)
BT2705 . curtisii x S. leprosula 3 0 (0.000) 0 (0.000) 0 (0.000) 1 (0.333) 0 (0.000) 2 (0.667)
BT2539  S. leprosula 65 0 (0.000) 21 (0.323) 0 (0.000) 42 (0.646) 0 (0.000) 2 (0.031)
BT2714  S. leprosula 61 0 (0.000) 42 (0.689) 0 (0.000) 3 (0.049) 5 (0.082) 11 (0.180)
BT2725  S. leprosula 5 0 (0.000) 2 (0.400) 0 (0.000) 0 (0.000) 0 (0.000) 3 (0.600)
BT2733  S. leprosula 10 0 (0.000) 3 (0.300) 0 (0.000) 3 (0.300) 0 (0.000) 4 (0.400)

BT2698  S. leprosula x S. parvifolia 43 0 (0.000) 6 (0.140) 4 (0.093) 0 (0.000) 32 (0.744) 1 (0.023)

(4) MR & ZRRMT LDt

PRI & MREEROR S & OEEZRARDLIZDIZ, 7X¥T 4~ LTV EARERIIMAZ, <
VRN OBRMKREX CHRELITo72, THENOREX D D X R FE28-621F (K % HE/E 4
ICEREE L, SR OREDNAKE LB HI T — & % WD CHERE R &2 FF e L 7-, MEREEERB R oo 720
X7 %7 4~ DM, HAREE2500hall F D Tanjung Tuan & Ulu Gombak M2 AT DA T, 7 v E )L
ZE&Tr1000hall EOEEZFFOHRMKL DX A2 B no7 (K (1)-12) , Tanjung Tuanld~ 7
> T YFIE I 1 L 72 W O Je SR AL E T D MR BE S V72 AR AR T Ulu Gombakld 27 7 T L > 7 — LA IS
METLEEERERR I s TOBWIEREALERZARTH D, ZNODOREENS, MR
X2V A7 I3NEED D WL OEIT LR TRIZHE W Z &R I T,
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FAk . HEIRICREE LY 52 DS RS T,
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BREPNREOREICL Y MEER OB N ED L e Z R LI Z Lid. RAROBZE - & - &
AT 2 BORRM M G IED S RICHBTE D,

6. EERILRHFIEE DRI
AWFZEIL. LT O - ZEHEE & o LRI L0 Eii ST,
W7 U7 MR Lucy Chong. Bibian Diway
AR — VIE N EE AT Shawn Lum, Kang Min Ngo. Nik Faizu
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Genome 7: 297- 306 (2011)

“ Morphological and molecular evidence of natural hybridization in Shorea

(Dipterocarpaceae)”
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“Demographic history of Shorea curtisii (Dipterocarpaceae) inferred from chloroplast

DNA sequence variations”
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2) &, MM, K LEE. PERBF. SYLVESTER TAN, BIBIAN DIWAY. LUCY CHONG. (L&A
Ko BARAEZESEEE2E KL (2011)
202707 ene ) XENARICET D Shoreald fFE O & o & & & A5+

3) 4. HENTI HENDALASTUTI. JRHG. 4 ¥#. M ER. KHAS1. BIBIAN DIWAY,
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H21E H AREGE A RE e (2011)
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BT ALD 7 4 AT XD EEDOEERRBICE 2 5 B8 L MRS O 4 B4 B O FEE
ZOE DRI B REER s HH
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2~ 23R BT B4 ¢ 13,352 T

. ERR23EE KR - 7,035FH)
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OFIZE L OMRBERDITERRINTZ, ZOY 77—~ Tlk, MM BUREHER o 4 21
ERREMEEZRAN, ZNENOREEBIECAS R THINOIREZHICH T LIGEDE WL
BONMZTBHIERBNELE, T, YU IR —NVTxFT o ~vHRREX TEILL,
DNAf#ATIZ X 0 #e#8 L 7=Shorea leprosula&S. curtisii, % L Cmjflf o MR (F1) O R
v M Z AV, B MR TOEDOERICE K - AHE O BRI R EOE N &
T, FORE. S, curtisiil¥. S. leprosulalllt _XRTELSHEWELZRFHL, ENEHR
IR ARG A ORI IR < . KRB RIS WER 2R Lz, W2, S. leprosulald
S. curtisiiZ VD bR ON BT VELREDL, ENERBEESNAKE T E WD,
RWKRFI AR Z R Lz, WO ARRME LT, S. leprosulalx, Hfhi7z ERE T
WA AR LR R EE SRS, S, curtisiilZBREE A2 020 A L, B pl = o B 3
BWZENMLNATWD, AFRTH LN ERROEER - AR FREIX, WEO4A
BRI 72 & ORI R EZ BRI B L Tz, — . W OMERMER L, &
TOWPFEEHE T, WO PR RIZER - AFFEZ R L7, R LERIZ K DEE
IR BICOVWTHEHE L E A, HEFIIHOBEMEICE X TKERDOIBE - HEiEN
Kesiubd Z Enbhote, £, #EKEZIED TANTWIZ HEA RIS 5 BIEER L
iTole 2 A, S curtisi iRMEMITWIRLIIZ X - CTitiztExZ @, A KEIOIK T
DOIMAZTWIZDITHK L, S. IleprosulalIfhdOFE T~ TR EENK S | EELIIZ L -
THEBMBIIDOIR TR ANz, DFED | SBRBWRAKOEEOEK A Z — B8 E 1k
UL, WEPEDERWS. leprosulalTAFHERPIR T T 2800 H D | WM D &
WS, curtisiiIRPHEFRILS. leprosulall B E WD D AIREMENH 5 2 L BRIR I LT,

[¥—U—F] 72375 %, MM, Rt o, KRR, it
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ThoHrEEZLNTERY, UL LI, Shoreald OFIMEFEN Y v AR — O EBE W b Sz
A CE MR INT-, Fric., EIERESE OK\Shorea leprosula=eS. parvifolia T, ARD
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DRF TN ZENRDBENTWND

2. HEBERE®N

IO T T —=TlE, 7EXNTXREAROMRESCB MR OFRME, FFICEDOERESHARK - &
B KRB - MHfE & Vo e ABARRHFRFEOENEZH LI L, 2T OKERIKECS
BTHEINIBRELEBICHTHICEDENERFAONCTHI EAHMET S,

3. WrEBER G
(1) 7 BN BHMERR & BUREHEAS O TERERY - AR BREY REVE O FEAT
HITE I, DNA fEHTIC &V #38 L 72 Shorea leprosula & S. curtisii &, & OWFERE OMEFRE(F1)%
Mnic, ETOREBEIZ L AR—NVTXT 4~ AREHEXTEHRIL, Y AR VENLHEE
WRFNOEETER LAy N TH D, 2009 4F 8 A L2010 4 10 HIZHERE K& OVl BLfE =
NZI 6~15 EERFREZ RO, WRAEDN- A IR L A/C #li#R A #5457 2006 Rl 2K Bl e 24 &
(Licor, LI-6400) THIE L 7=, YA MO AFIEK T2 <wic, MERFRIFIciTo7= Y £, 1l
EWCHWELZRRL, EEHREY Y OEREOLMA)SCEREE, EE, MERHERE, EomE L v o
TR OWTH R 21T o 72, ERBE O SHTITIENC 7 F F A —(Sumigraph, NC-900)
. EMEORNTIZIXT VXA — P (Aikoh, RX-1)%& 7=,
F7o. DNAMHTIC L D HEFE L B L OR LB CTh 5 LR I N2 EEIZONTH, 2010 4F
10 AICAAEZBRILL, EHEY Y OFEERE (LMA) REE, MERMERE. iRESE s vwo 7z
FERERIFEEIZ DWW TR 24T o 72,

(2) T Z N X BHERE L 8RR HE S oD T iz M R A

DNA AT 2 L 0 #FR L 7= Shorea curtisii. S. 40 |
leprosula, KON OHMEFRHERST 2 HIVN T K Z i L -
TATHID £ HE 2 B S U R A fE 0 1 L, AR 5 30
D EIRHERE N BT B 3 21T 72, 2TOMER &
wix, 7% 7+ vABRREXTERRL, YU ATR—1 ﬁ 201
E S BB IEFTNOE=ECTCEH LRy FEHTH 5, 10
2011 459 AT, oy #EAK L 7= IR AE o0 MERE I OV Il Bl =
IEI 4~10 ARFRE 23RO, AUAE O R OEA Ak - 0 3 4 s 6 7 8 o
REGHEE, [fLla v & o 2 oA, KRR, b EERMALEORK(E)
Z O A EFINE (Fv/Fm) . P-V HfEIC L2 4 (2) -1 EERPALG TR O L& KR
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[Abstract]
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Anthropogenic disturbance may lead to relaxing an ecological isolating barrier to
the interspecific gene flow and consequently helping hybridization and introgression
between naturally, reproductively isolated species. To examine whether hybridization in
Shorea, a genus commonly found in tropical rainforests in Southeast Asia, is more
frequent in forests under extensive anthropogenic disturbance than in almost undisturbed
forests, samples of S. curtisii, S. leprosula, S. parvifolia and their putative hybrids were
collected in a fragmented natural forest in Bukit Timah Nature Reserve, Singapore. We
found 21 morphologically recognizable hybrids over 30 cm in dbh throughout the 164-ha
reserve. Analyses of DNA sequence in nuclear and chloroplast regions and microsatellite
markers revealed that natural hybridization between these sympatric Shorea species was
apparently common. These hybrids were fertile and a number of seedlings and saplings
generated via backcross were also found. In contrast, hybridization is not common in
Lambir Hills National Park in Malaysia, where many large undisturbed forests still
remain, even though flowering periods is somewhat overlap in these species. Hybrid
individuals were found only in three small forest remnants in the Malay Peninsula
whereas no hybrid was found in the other four large-sized forests. This suggests that
environmental conditions specific to fragmented and peripheral forests might increase
viability of hybrid individuals. Three plots 50x50m in area each were set up on a ridge
and a slope in a valley in Bukit Timah to examine the differences of environmental
conditions between S. leprosula, S. curtisii, and their hybrid. We found that hybrid were
distributed over the intermediate environment between S. curtisii over the upper slope
with low soil-water content, and S. leprosula over the lower slope with high soil-water
content. Ecophysiological investigations also supported these ecological distribution
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patterns; S. curtisii has thick and solid leaves with high water-use efficiency probably to
fit into the upper slope, while S. leprosula has high leaf-nitrogen content and
photosynthetic ability but low water-use efficiency to fit into the lower slope. In fact, S.
curtisii showed a significantly higher drought tolerance than S. leprosula under
experimental drought conditions. The hybrids were shown to be intermediates in almost
all the leaf-morphological and -physiological features and in drought tolerance to fit into
both parental specific environments. Matrix models predict that S. /eprosula has greater
risk of future extinction by interspecific hybridization and drought associated with
climate change. In contrast, S. curtisii and the hybrid may maintain stable populations
and/or biomass in Bukit Timah.
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