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Abstract In this paper we presented a review of the advances in the studies of breeding
system and pollination biology of gingers. The Zingiberaceae is a large family of
animal-pollinated pantropical monocotyledons with more than 1500 species in ca. 50 genera.
There are many kinds of sexual variations occurring in the ginger family, such as gynodioecy,
andromonoecy, flexistyly, protandry and self-incompatibility. Major pollinators include bees,
hawkmoth, butterfly and birds, and different pollinators correspond with different
morphological characteristics of flowers. Among the relatively few studies on the pollination
biology, members of this family display some unique pollination mechanisms and breeding
systems. Flexistyly, found in the genera of Amomum and Alpinia, is regarded as a unique
behaviour mechanism that encourages outcrossing; a new self-pollination mechanism has
been discovered in Caulokaempferia coenobialis, in which a film of pollen is transported
from the anther by an oily emulsion that slides sideways along the flower’s style and into the
individual’s own stigma. These studies and discoveries give us a better understanding on the
diversity of pollination and breeding systems of gingers. For future research, we suggested
that more studies should be carried out on the pollination and breeding systems of gingers in a
wider range, and phylogenetic research should be conducted to understand the evolution of
pollination and breeding system in Zingiberaceae, and for the flexistyly, more detailed studies
should be done about this unique sexual polymorphism.

Key words Zingiberaceae, Costaceae, breeding system, pollination biology, advance.
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RBLT R T b — R AUE AR 3 A TE AR HL X LB B SRR B = T 3D ZRHE Y A% Fr
MEHRGEZ PRI AR T 45 L BHE Y S A A E IS8 B0 B 2 R AR A
(KA AR AN BT R GEEATHE G MR GUA B I B TT LRI AN SRR (K A A AN 85 R G 1AL T
SRR M — s ) 1 22 S L BOT e AR A I RE S o

R LRl MIEHERL BE ARG MR, R

MW SCEBEEPINE T RGASE THEY— AP A A B8 AL TTEk A K
PR IR B A R AR (Wyatt, 1983); WK SC i, Fig 2 1) Ja A o3 2R vh S A B [ A2 AH R A3
FI 5P A T AL (Heywood, 1976). 1&4) 2EW) 22 2t 58 S ALK A e Pkl A4
Y2 F R I B HOAR ) — T 124 R SR M AR T AR A R B R AR AR 2 b 40140
Ik (Huang & Guo, 2000). Fifi 5 A5 A W) 2 FdE AL AW A ST PR N, AT T IR 31 T
LRI B DA RGBT TN s A e B T RGN EFNE A B2 =
X

FFlZingiberaceae j&: —/NMA 45 504% J& 1500 2 Ft (1) L 7 HAB ) KRE = ZE 040 T AR F 0
AP By 05 AN A — A & (Renealmia L.)7E3E YA 43 41,440 J& (Aframomum K. Schum.,
Aulotandra Gagnep., Siphonochilus J. M. Wood & Franks, Renealmia){t: JF {45 2> i (Larsen
et al., 1998). M2 FlCostaceae 4/ LI 110Fh, T2 /0 A Tl SE I, AR B L (1) 432K v 1]
LR R R B T 28 B 2 AN R 0 IR B AR A R — AN O R} (Kress et
al., 2002). I EATRIZERHEYI (T SR 22 RHE D)) IR S AR 1) P AS ZZRHEY) .

K IRV K ZE R YA K0 AL W) AR D AR 2 AH G HRER K B T 282 B
A AT T ) S FIHT 5T (Endress, 1994; Larsen et al., 1998),1H fsifr JLAE R AEAL 4 4E
Yy2E 7 ) — R ST 45 3 (Classen, 1987; Ippolito & Armstrong, 1993; Kato et al., 1993;
Kato, 1996; Sakai et al., 1999; Li et al., 2001a, b; Gao et al., 2004; Wang et al., 2004 ), &7~ T
LRHED T AEAE I Z FEE AL M T RS ASCUURE TR TR M R, T4 53k
ATEAE R ISR, B A T R 45 T A R LRI E T R 98 AL HE )2 7 T IR,
DU e 063X — ) R I R S e R ) o

1

TEAVE AT D) P B4 B AETE S M F AR T B 1) 22 R A 7 2 1 2 th
% Fh % F£(Geber et al., 1999; Huang & Guo, 2000; Barrett, 2002). {4 {EAEY) T 4 k2 %1
& W AR A ) (hermaphroditism), (EERE P 7 2% B 208 B R A G e R b B A R I, 46
BHE K [R] A% (monoecy) « MEE 5Bk (dioecy) « B A8 P PE £ IR K (andromonoecy) « #E £ A 14 £ [F) B
(gynomonoecy) . JEA¥ #5 P 1 5% Kk (androdioecy) « EAE 9 72 4% 57 £k (gynodioecy) . = PE T [F]
(trimonoecy). = 4¢ S74k (trioecy) (Huang & Guo, 2000). 11 2E P PEAE AR Hb g 9 7 2%
W 2 A 2 A 8] b 1 53 B (M 1 55 47 herkogamy) i 24 B 8] (14 AN [R] (O 2k S5 2
dichogamy) P & 2E P _E (L 5 (B 28 A 35 Flself-incompatibility) iz 340 i i v 23 25 1 2
% 3E %3 (LIoyd & Webb, 1986; Webb & Lloyd, 1986; Uyenoyama, 2000). k{4444
S N 2 R R AR T 02 5 HOR N TIE B EE AN H ——C %Ll 2 i)
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B e AIRIT AT A 7 IX O AR DI S A AR 5K o BOG R ) 7
(Barrett, 2002) »

LRV R ZB0E TR . (B EAE19044E Schumann e X 11123 J& Kaempferia L.
[¥JK. natalensis Schltr. & K. Schum. ex K. Schum.[{JFr ASHEF 748 52 I, st A IX AN A fE &
W I SRR AR A AE A AT fiE R BUHETE AL . WoodFFranks(1911) 30 AU & T3k b n i)
— KR T — 7 JE Siphonochilus J. M. Wood & Franks, {05 21 e 44 1 i
16, BIMELE P PEAE SRR - 76 1L 22 )@ Alpinia Roxb. () Dieramalpinia K. Schum. V. J& 91 ) %
AN sect. Myriocrater K. Schum.flsect. Eubractea K. Schum. it 4, Hoil AR A6 7
F AR A PR AR, LR (R Uk Dy e b BT, /EMyriocrater 2 i, AT R 2 — 2 4E
(IR D5 —Z) e W 1A, T /- EubracteaZtl H 46 )7 ¥ R sl 22 sl /D S RE 45 55 (Burtt & Smith,
1972; Smith, 1977, 1989, 1990). SakaifNagamasu(1998)7r i Bk P4 IV 42 B Y () ZE R )
[KIBIF 5T A o B0 5 J& Amomum Roxb. [FJA. polycarpum (K. Schum.) R. M. Sm. & HEfE P 4e
AR, HARIR B o AE e A A PP E BY (R)4E, — Fh R R L7 B R A v B 1
L6 24,1 i e K B BUR S 72 AR, 1T 1 — R 2R B 6 1 55 3/, AR AT IR AL I R 2k (E
WA= ARSI IR HAT HEVE D) - XIS BK 25 (2004) WL 4 210 1 2% /£ %:Globba lancangensis Y.
Y. QianH A HEAE K 95 T AL [FIAR K 1 R TA R AIE e A6 K2 P A (P AR K 4E A 2T 12:00 LA TG
1R 1, S HEAE AR 15 77 2RI B4 i PR AR TR Ak 21 16:004)5 7 1 A& BE J7; [R) I J0 v £
P AR b A MEAE SR A, A A6 P A5 RAXTT 2 5 (1) 48, 3 50% (1) I [R] A T A
B PELE EAEANPORE R T BT — R B T Ik R AR PR P A e PRI 2

LR P TELCREY) A 5 I AR B A4 5 9 Amomum  tsao-ko Crevost & Lemarie
(Cui et al., 1996) 11112 JEFE4(Li et al., 2001a, b) #8505l & BL T —FlovkE i PE 2 8%
(sexual polymorphism), 25K 7245 (Li et al., 2001a, 2002)#4 . fiv 44 M 464345 th 2 (Flexistyly),

J

—_—>

1-12 1 FHELERAE SR N TERAEAE PR B. 2. RARIRIEAEST AP BUR ok R A Sk 28 RUAE R0, 5 K
JEMAE ekt “ G0 B 6 . 3. BIRELNAE, AL 25 AL AE 29 NI G REIL B0 F T 4. 55554k
(e, LSRR HESETE B S8 RIS M. 5. AR B IIAE AL 25 I IR AT AL AT G548 o 6. RIBEAESS 38 3 28460,
FCR I ol PR AR BE AT BOHORS B RIS ES Lo 7. JOEZEARAENE AR — 2 HE I 548, 0 KB S8 . 8. 2%
LT3 R BV R AEE YR o 9. WAL RIAE H A 18 BT S A0 A AE AR A1k, — Pl OK BH S 1EAE V7 ) 2L
€0 10 WRBR Y 20 KT HE N A8 B AR A R 5 A 2 (AR T AE e R AT B 4. 11, BEPESE A KAEM
LM T HEER BERIZE — R AIAE . 12, TAE KR 2228 KAEE Z A4 B H A SR8 v A S — ROkl /) = 3h EAE 3240
Ji RERT A
Figs. 1-12. 1. A cataflexistylous flower of Alpinia conchigera Griff. at its male phase. 2. An anaflexistylous flower of
Alpinia mutica Roxb. at its female phase and its pollinator a Xylocopa tenuiscapa bee. 3. The flowers of Globba barthei
Gagnep. with curly style. 4. The flower of Costus lacerus Gagnep. with a broad labellum evolved from five united
staminodia. 5. The flower of Curcuma flaviflora S. Q. Tong. Note its anther and basal appendages form a hinge contrivance
for cross-fertilization. 6. A hawkmoth pollinated a flower of Hedychium chrysoleucum Hook., whose pollen is covered by
sticky liquid which serves to attach the pollen grains to hawkmoth’s wings. 7. The inflorescence of Etlingera elatior (Jack)
R. M. Sm. looks like a very conspicuous single flower, and it is pollinated by sunbird. 8. The inflorescences of Zingiber
densissimum S. Q. Tong & Y. M. Xia secrete sticky liquid for protecting the flower buds and young fruits from herbivores.
9. A sunbird visited the flower of Rhynchanthus beesianus W. W. Smith, which has many characteristics for bird-
pollination. 10. The larger coloured sterile bracts of Curcuma amarissima Rosc. serve to attract pollinators, and the
inconspicuous fertile flowers locate the under parts of inflorescence. 11. The first-day flower of protandrous Curcumorpha
longiflora (Wall.) Rao & Verma at its male phase. 12. Caulokaempferia coenobialis (Hance) K. Larsen is a perennial
ginger which grows at dankish rocks beside the stream of monsoon forest valley depending on a novel autonomous
self-pollination for reproduction.
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FORPRE HAT P AP AL (AN A A T2 (cataflexistyly) (1) Fl A€ A1 _L 257 (anaflexistyly)
(¥12) . Py Y (1) AR AT A2 LR 6 R A A T 5 I 36, 0 85 R A A T RO e 2 Bl 2 R4
B O AT Sk B0 R TAE 2 2 b e Bl B HR2kn I, B T v/ A Sk T U 1) T a2 8,
AR A IS T B/ B B Uy in) HAE 25 QA ek T 4eAT 2R A 5 2
FH R ICACTE TR 16 25 FEANETT A S B T A0 A 3, P /1 AR SL T 4R ) I8 80, i
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o TP 2 b B G AE 25 A4 T34 HOk » Takano’%:(2005) f 35 B 5K 76 3 f) 1l 22 )& A4
Alpinia nieuwenhuizii Valeton UL EBAF2] 7RI S5 H . IX PR R AL I AMAAE B SR TR
H IR B A 101, HTAE 2 [R5 (L et al., 2001a, b). fEA335 MENLHIZESh g L 2LT 57
AU Ik S 34 (heterodichogamy) (Renner, 2001; Barrett, 2002),{H & A1 &8 i =347 AL
—— 3k K38 B R S I ME R 25 46 1 3 T XA A 7] (1) 28 TR I [) 0 22 ) A Sk AR 24 43
AL T )AL E (Zhang & Li, 2002).

LR % N A S 6 M (B 2218 J& Hedychium J. Konigt £5 Fh 254K 18 hy A ASSE
(Holttum, 1950), 371, /NF2E4EH. villosum Wall. var. tenuiflorum Wallich ex Baker 454 H
AEANSE RN (L 25 55, R R e R X135 FK 25 (2004) 76 X5 0 B A48 22 BT 50 b R B0, HE A T
HASE FAC T 458 R0 72 5 (0 A AS 4 S 3 W B AR T 5 A 4 S8 % i AR W e BE AL
LZHWEK AT AFEMIS .

BAI THE R KAL) 2E B Curcumorpha longiflora (Wall.) A. S. Rao & D. M. VermaffJ#fF57
HP R DA R S 24 TR I AR B ARAIRE AT — B R IR IR T AE LI & L HE IR S R T A
MM T A2 (Gao et al., 2004). 5 HABZERHEY A F], KA 230 HAT2R 48], 56—
R HACAE B IR5:00 75 47 58 A FF I A 25 bl 2 Z4TF 0Ky MU I A Sk BN RS AE 2N AE K HE 1)
JES S, FEAN TR R ok, IX — i Be R 82915 h, h EPERY BE(FI11); 31 T 4515 (18:00-19:00), 24N ¢
¥ HETFR ) b A, g tH AT Sk AT SRS 18 1) T 25, A8/ BN BT W B2k A7 L, I 40 il
KW R Aot NMEPERY B RF 42 3055 — RAG W AC I o 6 T [F]— e &, I aEE
P A T B (R B, DAL AT 25 BT 1 T F 6320 (autogamy) (1) & A2 o S5 A AT A 1) 42 1Y
ST RZ B AESE R AR RE — RA T e A6 AT R R A K 2
3L T e P I 5 Pk (functional dioecy), JLF- 56 43k 4 T Al 46452 K7 (geitonogamy) I &
42 (Gao et al., 2004) . K ALALNZ2 T I 2K A0 S S 11 2 o, A2 e o 38X — WL /e 228}
R4 VB (R 1 R BR324k Roxburgh(1820) AlTPorsch(1924) 46 T 23 I ML S IR I8 T 41
5 5% Alpinia galanga (L.) Willd. fllAlpinia hookeriana Valeton5 £ it 111 22 J& At 4 (1) b 2
BT (R 3L N ) (Endress, 1994; Faegri & van der Pijl, 1979) B AlAN 1A A v 2 310 2 &
(1) 55 b — T A B —— M S 2R (R S B2 1) X PR AT LA il 17 Ry R A AT il P ATL )
(Li et al., 20014, b). {EFIUZEHEJECurcumorpha A. S. Rao & D. M. VermatH iz 11V )5 25 &
Boesenbergia Kuntzed, A1t W52 2 [ BE V15 2B. albo-maculata S. Q. Tong. [VJ§%B.
rotunda (L.) Mansf.f1B. albolutea (Baker) M. Sanjappalrl £ FL A5 I 1k 26 2l 4

2

TR S5 AR 47 0 AR WL IR 038 & B A5 35 S 1R 26 R AR AE
Pk 28 I AH T2 AH A FH A A S 4 R A e 18 Ak 00 223 50y g RIS A S A%
¥y K YB3 1) (Stebbins, 1974; Huang & Guo, 2000).

LR I AR 20 R A R HEAE e, 101 A B AR 25480 H o 18 PRI R A — 22
HAAARFRIAE, 22408 AL 2% 8 o A6 R A8 BN R A I v AR TR & BR
AT 2 A R 25 W 5 B RV T (1%110), 40 25 3% J& Curcuma L. = 2704~ J& Etlingera
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Giseke ;A LR 145 Fr A &5 A AR 12 2 R A6 M R A FH (1818) . 78— 2L 4k
0 R dnAchasma Griff. . /)N 55t s Elettariopsis Baker 1o 7 #0—J& F1Siphonochilus
(Holttum, 1950; Gordon-Gray et al., 1989),7F— Y5 i 11451 1 7 A4 76 45 A1 5 A 1 T b g
N TR AR GRS 73 A s b (Holttum, 1950).

LRHEIAET ML T SN 3N A A TR IEDIR, W R el i A A . TSR
FOAR S R, — M A H v B 20738 Ry TEARAS— PR A AR SR A 58, 3MLR & i B A AR IR 1)
JEIE, KA WROR B UESS HESE S I G A AE i AR IS5 BB R B IR AR e TSR
RO 0 38 20 A (PN R T A Jie, 5 A T Ak R iy “ 87 (Sakai et al., 1999; Li et al.,
2001b) (& 2), an il 22 8 FIEE AL 22 a8 A /N, W & 5 g, b Ah, K W5t JE Hornstedtia Retzius
IR 2 5 2 T 46t T8 i, Hofe e B Tk 6-7 cm, WiH. incana R. M. Sm. (Smith,
1985).

feZjH2fe i A, — Lo )g T BN 2iRR M B R . 2B EYEs M e Fm)
WA — 22 A 7 W T RE 1) 6, B8 73 Wb — M RSROR A 55 A6 K, 18 Ak BERE 20 4% K 1) -t 2
B UK ES F(Vogel, 1984)(1%16). Aisit: (R HESEAH I, 22 BHE Y 2% I AE AT 2148 1y 32 59,
WORE THES A 22 F R b A2 5 2 [ 8 B DRI Sk B BR e e 2 2 b 15 h3=
Hh R AR B E M AR AR o 1 B T L2 MO AR 4% A7 A

AR ZERME Y ALK B A A 7] . Knuth et al.(1904/1905) M 4% | K ik 45 1%
T A WA 122 fE Hedychium coronarium J. Konigf&#y, 4L 2 4¢H. coccineum Smith
(PIAE Ry 22 D) kg e . 5 s e SR (A5 Ry 2 g A& I Bombus spp.(Cui et al., 1996). 111Z2)& 11
Alpinia speciosa K. Schum. &% K 1125 (Euglossines, Centris, Bombus){%#;(Mdiller, 1888);
Bl 2EA. malaccensis (N. L. Burman) Roscoefl1A. hookerianaffif& 4} h A& (Porsch,
1924; van der Pijl, 1954); K-4#% 111 22A. kwangsiensis T. L. Wu & S. J. Chenff4&¥y 4 A Rk A%
Xylocopa magnifica 1 [ #§ A 1§ X. tenuiscapa (Li et al., 2001b, 2002); = B ¥ 5 A.
blepharocalyx K. Schum.f¥j{&¥y % A 27 K i§ Xylocopa spp.F1Apis cerana cerana (Zhang et
al., 2003);7E 5 K V5V ) Borneo, 111 2% & FE 4 Alpinia nieuwenhuizii Valeton[¥) = A& 4 4
HEPE A Xylocopa latipes, iy AR 42 S0 HE 24N IR, 79 ) 7 b7 [116:00-8:00F11 I - 1)
16:00-18:00, Ifij X P54 IF B IE £ /& A. nieuwenhuiziifEA: R FBIRAEAT F28 A1 H AL T
TE 2ROk FIAT S 232 1003 6 B4 1 Bt (Takano et al., 2005). Miiller(1931) M4k £ ¢ 2% J@ At
O ) At 08 5 ) U0 T 17 127 S HCAT o 28, T A 0 Ui &M T e IR A6 22 1) 2 A by o A 1R
Megapis dorstata 1 i 25 % 717 1% Nomia strigata (Liu et al., 2004) . Maas(1977)ffiiA T
Renealmialg " P A28 AL (R AR A7), — SR LA B IR BOAE T2 1 R I AR 3, i 1 4%
¥y, o3 — REAE S B — N E RV FIKEJ7 1047 e (00) 3240 e, 38 0 4 e t, B IR B AN
SEA, SRR Ry o T K 525t e 1) R A ) B 4 A% K (Ippolito & Armstrong, 1993) .
Schumann (1904)i\ W2t ] g 2 Ho A — 28 HAT B AR A0 7 1 8 A5k 2 sl B b= )
/I G5 J& M1 Geostachys Ridl. . Kato(1996) 7£ & >k 7§ V. ) Sarawak & 3l Arachnothera
longirostrafllA. robusta 2785 R ik & & B K AL w4 I Etlingera brevilabris (Val.) R.
M. Sm.F1Hornstedtia tomentosa (Blume) Bakh. f.[RI4EH) 3 X 24Nl &5 Sy LA IR 21 (5 46 2
/N4 2K (Halictidae) 4 & 7 J& i Amomum  polycarpum Y] J& 22 J& (34N Ry i v 4%
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PRI ) 20 T H i (Amegilla) I 7 Amomum  gyrolophos R. M. Sm.. fiif# 2 J& Plagiostachys
Ridley[fJP. crocydocalyx (K. Schum.) B. L. Burtt & R. M. Sm.fIGlobba brachyanthera K.
Schum. (A& k8 . AR IR ZE 45 (R R R BT RE L% 21 1 2K In] % {£ 22Rhynchanthus  beesianus
W. W. Smith, 5 £ 22848 FL15-20 2 HE 51 585 (146, e AEAE 7 E1m) [m]— 0 R 158 A6 1) /s
Ay SE 10, AR 22 FIR RGBT S5 5 RO RS, AT Y S 2 (0 1 3 3 (1819)

Sakai%¥(1999) & 4t Hi % Borneo [ 11 (11295 ZE RHE ) (1) 44 58 T8 A FF A A A% K 7 1 AH
HIRRAT TS K I8 4 35K Dy RERE (pollination guilds). (1)Fililk S 1&K D fe
(Spiderhunter-pollinated guild), 2F 4k & Arachnothera longirostrafllA. robusta}y 3= E AL K}
AN JE K8k I Th AE B Amomum roseisquamosum H. Nagamasu & S. Sakai- Etlingera
aff. brevilabris (Val.) R. M. Sm.. Et. aff. metriocheilos (Griff.) R. M. Sm.. Et. punicea (Roxb.)
R. M. Sm..Hornstedtia reticulata K. Schum..H. leonurus Retz..H. aff. minor Valeton#!
Plagiostachys strobilifera Ridl.,iX 644 (A A AT A RAL -5 (>31 mm). K {E24(6-16
mm), (EAE 22 [R5 350 2 HV (1. 7-3.0 - mm), £6— MRy 21 sl 2r €8, A7 Iy FL 35 €l 1 € 1) 3
o (2) 6 B AL By T RE B (Amegilla-pollinated  guild), H 45 44 7Y [ 2 Fil JC £ % Amegilla
insularis #1 A. pendleburyi 2 3= 4% K5 74> J& 1 100 J& T~ 06 D B8 B¥ : P11 4 22 Costus
speciosus (J. Konig) Smith.C. globosus Blume. Alpinia glabra Ridl.. Globba brachyanthera.
Amomum calyptratum S. Sakai & H. Nagamasu.A. gyrolophos.A. oliganthum K. Schum. .
Elettariopsis sp.Plagiostachys crocydocalyx.Plagiostachys sp.f1Zingiber longipedunculatum
Ridl., 38 4 A 5 I i K, TR A Ry 2 G Bl (1)1 & AL — O A s (sl 3 60 AR D AT 2L
. (3) B & AL Ky Tl e ¥ (halictid-pollinated  guild), 74 2 55 /)N () 4 Ff b #4 (34 Nomia sp. I
Thrinchostoma afaciatum) g 1% ¥y # 4 J& 10l 22 B 9 )& T 1L Th RE #¥ . Boesenbergia
gracilipes (K. Schum.) R. M. Sm..B. aff. variegata R. M. Sm..B. grandifolia Loes.. Elettaria
longituba (Ridl.) Holttum.Elettariopsis aff. kerbyi R. M. Sm. . Elettariopsis sp. -Amomum
coriaceum R. M. Sm..A. durum S. Sakai & H. Nagamasu-A. polycarpum#1A. somniculosum S.
Sakai & H. Nagamasu,ix L& S e S5 R SE A X BN AL N AR ANE ] AE P A =
THH30 em, KFEB AR 2R B 46 0 HS e B B8 L (A B s Bl 4 80 Sakai&s (1)
FEAFOUE W] T A6 R R AN A%y Dy BEARE 2 TA)AT 32 255 TR S, ] A e A2 A0 A% g 387 22 1) ) AH
TR R B AR e 2R

VS RHEY) ) AE AN ZE R AN [R) 2 A AE T HES MR FESE RS TR 1 T — A~ 58 K )
J& ¥ (Costerus, 1916; Troll, 1928)(1&l4). AL ELI AR A A R, S LA B 7% | JEERE (K148 7
JE e 0 A B (0 BT 0 FR M 2, O i B4 AL 5 (Costus - sect. Ornithophilus Maas) (Stiles,
1978); 55— LB 2 (R 1 7t 5 IRt 11 5, J 0 B ot ~F7, 19 2 e, HLH AT £0 00 55 60 SR I 2R A Hy
(Costus sect. Costus) (Maas, 1972, 1977). Costus malortieanus H. Wendl.J& T~ ]2 80 i 19,
MK 1 (euglossine bee){%¥5y; Dimerocostus Kuntze g 2 K % #4545 ¥ (Vogel, 1966). 7%k
BRI Ry H X A4 22 & Costus L. 3= 22 FH R I§ 4% 4 (van der Pijl, 1954). 3 J-C. woodsonii
Maas A1 HAh i) — 2870 88, 5 )80 v BAT ORGP AR AN gl R A Py 6™ A B
5 [ ke 57 11 HAh S %) 6 4% £ (Schemske, 1980). 7F HH 35 H A I 42 1 A 22 R 13
AT A IR A INE BAT AT 2R MR A 38 3R 1R P SR T AR R S UUT — e R e A Ky
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WAL A I 7 L ELAT 0 v PR S A8 T g %k (Schemske, 1983).  Schemske(1981)tH, % 3l b1 #425 J
(K124 FHC. allenii MaasFIC. laevis Ruiz & Pav. A5 A1 [A] (K46 R, 26 [] — X A48 39 ) 25
PR 2 AR R (H 2N 22 8] 1 %A H1 i Z AN 21 RT3 18 B T 03 3 (P [ 1 2 140 52
FHRME Ry 1 A 1

3

H T~ 22 B A 3 253 A1 A8 2R B B X R B RSP B 0 b 3 8 b XA G A 2 A
W 5 R S SR A AT AN 22 8 G 25 e B AE 28 B R 2R AL R A W 2 1) &
[ TR FCIRFEAS /D X 26T BRI L L o T 2 RH e L 2 FE AL R L

Lynch(1882)F1Troll(1929, 1951)7£%: ) 2 J&Roscoea Smith, Schumann(1904){F 3 3% g
Curcuma, LA A Holttum(1950)7E Camptandra Ridl. J& I 57 A Ak IR IX LeAs 4 i) 46 24 76 3L
S ELAT — AN 5k 1 B A 46 24 R et ) BB A2 ] 1 A ) XA A 24 RIS B i A
JERL T — A ZRAFTAT I 25K (KI5) o Bt A& — w57 TR N AL, 480 5 3 N AE I 09K
SR e A 1v) R A Dy i PR A 243 [ LA AT R Sk 1) T R 84 B 4% 0 B U 15 446,
B A R AR R 432 1) 1 AT Sk B RIS AR 2 (R Ae ki AL 1 31 1 B ) 75 8. O
A IR H R T P 2 A A 24— g [l A S R 7 ) 38 B AN BERE i 1) B2 R, A A 25k
it 7 ettt . X —HLEIRS EFHLamiaceae it 2 & & Salvia LA

Ippolito(1993)% I KA V. HE — ) oK 5tk Je& #E 4/ Hornstedtia scottiana K. Schum.[#)#f
FU R I, 35 42 (Melphagidae) /& HoAT 30 1 ALKy 2 1H A8 SR FIMEAE 45 s 3 R 7 i it BRI
HEE I AR . [RII XCHAT AR IR IR A2 AL (delayed selfing mechanism), H:
FEAETE RO 24y 58 TR THIBUS I ET6AS /NI AE 2 TE AR AR O e e ALK 1R sk i) L
FER 25 BV 0] e AR AR 3K — I BE P 21 T A 1208 2 A T 2R s, D A e 5 I 4 DA
6-8 mm/hIF AR, 2-4 h )5l 3 WO T B0 W, 47 20 12 5 AL A 42 4, AR et 2 )
TR 445 mm/hF R AR RF 8L 294 h 7E LA DR e A8 L2 U R AT R 43 F,
I RGP R e et A AU AR T B B 8 5 « BB AR Sk BN 5E 1% T BAes b, Atk
FCRRAE TG A M AR AT IR L T 4545 8 T 7E6-12 hA A2 5))

Miiller(1890) F1Kunckel d’Herculais(1910) M %2 21| K i 45 2 44 K Ho At — e AL 43 1] )
A BRI G, TR A 1T R L ) 1 2470 N BB 7 T 25 PR A6 el B R A 3, FH TR e AR
(PIAETE A T R T B0 Rk IR A T, R A 5 4 T R w2 s A ik 281 588 — 0 P A Sk
ALy, N 5E 1 T 4687 o

PEACZE B A CLHORS 175 B4 110 25 PR A B A KT 25 it 0 A6 22 R0 A 24 5 B A4 . 1 7et
EHUROKR K B, N R KA B, N E B R e e & 5e 21k BB (Maller, 1931), Al
LR FABAGY) — T AEAT AL 25 FE AR B30 0 Ao e 22 S (R Ve R b A6 5T )5 AEAT th
THRLT TR 22 AR 8« 5 5%  IXFEAT AL 2R Sk 1n) T 25 i, WL B3 BIAE K &
I A (1R3) o A Sk BAL T A2y 2 b, > B A ZH 28 B AE  BETE ) D Sel n Bse —AEE
F 2R R, IX PT RE S B2 AL K 2 I s e 1R p e PR A A0 A4 245 88 B i A ] e 320+
R I Al A6 2 B AR AR K 2 N — 230 A6 2 It BB 4R 2 Ak T e (A B A7 2 (Maller,
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1931).

I B BB TORTY, B A BT 5 o NI %2 ‘K KB Z:Etlingera elatior
(Jack) R. M. Sm., HAE PR K HE AR 0 6 ey 1 b T 3 AR 1) /NG SR I 208, R
53 AR IR HE S AT HEATE PG — Z TN () PR AR (B 7)o HAE A 2060 (H s e 2 3 4 (1) 3
5 JE ML Zx 0] FAETE R N FOIRAR, BT 78396 1 K B/ 5 () 38 o A6 7 AR 2 AL 7]
I RIS HEA RSP AR RF S 293 A o DR [A]— AR S 2 A T AN RIBY B A6 7, i DL
JE N FFELIRTS Y . Classen(1987) 758 i A 4y el Knuth 45 (1904/1905) 1 )TV [ Bogor fE 4]
el #4573 AL 5 3K BH S5 4 kg KB 22 (R A%k 5 AT T A wtioH: PR A e v 3 5 1m) 1 4 AT
TR Sk R BT AR IR e AR R T A Sk b KB AR e AN R v T
K (MTIAS om), 7EFH SIS I8 1) A A7 — P8l B, vl R 21 B05 1 38 3 5 E NI o Al
B B 2 ] AR A KR 22 A8 3 (Classen, 1987).

I IIT, Wang 25 (2004) 78 % 85 ¢ K 2% Caulokaempferia coenobialis (Hance) K. Larsen(t]
WG I T FE S — R B AR ML —— ek e 3h B e R L. AR KA
AR VR TR AR R 59 I ACKE ), AN oA TR E AR )P, AR T $300-500 mir) T
P AR N AL B L AR L BE IR A BE L (1112) . FLAE F i 202K A6 AE 12 =:6:00-6:30
TR AR 24 RIS 22T A6k SRS VBCIR AP AN TEK Bt T J3G e, B s PR V5 T I — 2
PR R R AR AR AT 1 R TT ARS8 180 AT Sk o AER R IBE LY 7E 24 KK /1 15:00FF
GRBNIA T Sk, IFAE R R L 7:30 AR 58 4 B AT Sk, T 5€ i B e A& 0 (1 9558, 2004;
Wang et al., 2004). BRI AT MELBMERy S5 1) A6 R B2, T AR T AR A 3 i) 45 512
FEN AR G5 S 2 A 0 3 22 S, Ul W e K 22 2 T B AR A R A T I 0 Y (o
5, 2004) . BAE KA 2 BRI F B R, AR HLEAT SR 1) B BB A I E R, e TE 35
BER, N BEFE [F) BC, BE 0 WAL BE 4 F D5 (2004) I\ h IX RS FRIAE R 1S 5 L AE AR R AL
7T FH U SR A AL By S TR A4 717 DK 110, A2 8 A DR 2K I Iy T L = A6y B 1t
W AEBER S R o 3R — R NIF AT AEAE A 55 ZR G T A A O RS ) . HL AT H
FhE S RN R WX ZRHED Z T RS T IRFIEAE RN

4

FERHRP ) 3 A Th 0 oA 2R B M X T — i X 152 31 B AR R4 2 22 B A AR 24,
W7 VF 2252 1 TR AR AR A S PRV R SR P (R BT B A S AT )t A 2 R HAE )
FEAR R A= %7 T3 T HOWIF U A R 20 AR T X S8 AT BRI E 9 a8 b o 1 2R M —
SERRES AR AN BT P RIS TRI SRS (R AE T AL P A8 By AR S5y T PR K 22
T I RRHURF AR RN ZE T ARG AR o NATDNS 2R — L8 b (1) AR R DA T A
AT B TR) IS AN WA e U, e e i 37, DAL RS AR R R ZE R A A () A 0 A0 25 5 T
G ALGERBIE I, $8 7 H A W S R R S E AT U R 22—

AL ZERHE ) A 28 K DL RO AE AT b PEANAE R 3l B AE AR AL, i gl o 2
R I —FophiRE B AL Bt 2 A AT 9 HLHI(L et al., 2001a), J5 5 W& RE ) S b —F0opr ) A
FeAte Ry HLiI(Wang et al., 2004),3X Rl ARG T T RGEAN IR 5 17 (BRI R i
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AR T ZRMEY) P AL U T ZRHED B A 2R IR T RE . AP -Z it
FRIMERIE 2 REVE R IE A B4k — B B AW 25 5T P 1 — AN O BB, 2R A BT
FEINH R PR L 22 K M 302k T QRN 5 2 FHOGH IS () A T 6} 58, I B8 i 22 ML 13X 7
MR BRARRE SR . N RGBT R LRI RS A A B H RS
B, DR FRATRN T R LR ) R A e A NS RSN 2 RS TR
L E A A B .

TERE A 1 P2 A AE ZZ RHE P h R I — Bk 2 28I, B A O 2 S 200 e o
(Renner, 2001; Barrett, 2002)]—AMpf], HAURE 2 Ab A5 T2 e I A1 Sk K38 B ok S B
TR (R B 2 o AR, 2 H HT A L S A P S A WL R s A5 15 55 38 I = S JEAL A
YR AR s S8 AR M 28 . Barrett(2002) LA A Zhang F1Li(2002)# 4 I 4+ A% 45 it
PEN A AN ILAD AT ¢ 158 70 L A5 1 e 2R e e S8R0 — A L2 AN (] P 2 ) B BB A e —
X A e PRIAE — AN A i ), ELREE 58 2 (A Sk 128 700) Sy S e 2 o B (R Sk T i 28Y)
R RRANE R T FRTE A R 1 5, K AR R I ATy AN ] 2D 1) o AEAE S il S M52 3
FAAET 2R 240 A Jd T L2 g G @ AN A8 e T X M I R gk
BT A G PRI T 10 25 24 07 T 3-5R AT 4k (Kress et al., 2005) . 7 5
KPR 0 s AR AT A AL ZE R v 16 20 A 6 T 1E— 20 7 g LA A Y
HAFEEE Y. Li%%(2001a, b)5Zhang FLi(2002) 1A A4 k13 ik 1 3 224 24558 3 73 SR
AR ) R e AT 38 fo A AT B A AT R BT A AR, [R] I, T HAE 25 B A6
AR Sk 422 52 A6 K A B[] 53 2 i) s A2 0B 1, AT e 9/ 2k h BE 1 T4 (Zhang & L,
2002);5K K 55 (2004) HIIA Ky itk o EHE D 8 (1) TR0 1% 2 28— 1, FOW AR B T — ANy A
fRgesi, EASTRAE IR Sk B TR B2k IR A7 B AR 2 AN EOR, N H1ssh BIfE 2y 2 b e
B i TF 24 HOR, a0 38 fo B A A N IR AR SKAE A B2 T SRS i B
B2 Be i b AR N T R REThRE M T FUmAT A e fe i i1
TR S5 XA BRI SR ) A B AL 2 TR
N THFRI L2 G el 46 B T BB 4.
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