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A review of the evolutionary and ecological significance of lever-like stamens
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Abstract

We review the structural diversity and evolutionary significance of a type of highly modified stamen that is lever-like or
spurred and can function as lever during pollination. Evolutionary changes of the androecium in stamen number and
morphology often take place during floral evolution, shifting from pollen production to new functions. Lever-like sta-
mens have been described in several subfamilies of Lamiaceae and six genera of Zingiberaceae. There are two types.
One is derived from connective elongation and is largely structured by two parallel developed stamens; it occurs in the
Lamiaceae, typically Salvia. The other is modified from one developed stamen and occurs in the Zingiberaceae. Both
types have a similar role in pollination in that pollinators have to push the lower arm of the staminal lever into the co-
rolla tube for nectar and consequently load pollen on their backs; this is widely regarded as a mechanism of facilitating
crossing-pollination and can affect reproductive success via precise pollination, pollen dispensing, etc. These stamens
independently originated and evolved in different taxa. For example, there have been three independent evolutions in
Salvia, and this has been presumed a key innovation driving species’ radiation within the genus. Future research is
needed at the levels of both macro- and micro-evolution to fully understand evolutionary and ecological significance of
lever-like stamens.
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eI R, e 44 J LD Re s AN i
RAEA; HrP SR TE ARG EH kA
Ak, T e 2 R ) B A6 Ry AR T BRI
(presentation) [1] 7 i) X T GE % 4% (Ronse  Decraene
& Smets, 1992; Walker-Larsen & Harder, 2000). £
HMESE AL HTE B P R I DY i e 285
(tetradynamous stamens). X ZFH S LR 1K) 5
It & (didynamous stamens), L A 7 Y M £
(heteranthery)35 .  FLFFAREHE S 2 45 M RE AL W FLATIR
(lever-like)EW AR (spur)  7EA& K it 2 i B AT R ARAT
FFIDREM) — SRRk S5 4544 o Sprengel (1793)H X
TEETER U B (Salvia) T R BL T KLAFIRIESE, JF
FiR T H 22 ML AL R B (nototribic/dorsal pol-
lination) . Ji >k, 7E )5 /£ %} If) Prostanthereae . £}
(ClaBen-Bockhoff et al., 2004b)F1Westringieae IV £}
P (Guerin, 2005t &L T AHAIA MESE S5 44 o [RIAY,
EEZRHEM S S )& (Roscoea) Camptandralg . B
2% J& (Cautleya) . 7 3% J& (Curcuma)~ Laosanthus
J& Al Paracautleya &, 1 kI T ALk IRk 65 45 74
(Lynch, 1882; Holttum, 1950; Ngamriabsakul, 2005;
VL5, 2006).

FUAT, A7 AR eSS 1A A i NI 5T ) £k
B 2 A b . Walker-Larsenfl1Harde (2000)%) #% 1
FEPA e B IEES” (staminode) (LI T EAT T 45
R, ECE BT T HRS O FR 5 P IR PR A PR 1R A 8
TERTAEIS AR LA R Dl e Ak J7 1 1) 5 [R]; 2 b Sepi sk
B (2005) 5% ¢ A eSS 5 T LA AT K B &5 AT
(2008, 2009)5% J& wf A EE 7 AR 1K 2 REE R L HEAL
B, PAKAR A eSS R 3 Y AT T 2RIk .
B2, XLEHTITARE LI AR MATFPIRMESS . T4
Rk, FLAPIRERE SR Tt 5k T B2 KW
Kt FYIRIETUE 320 bR o S I AL AR S 1
SR ZREME . MRS T R A LU RAT AT I D RE AL
AT TIRAIRER . fEIEER |, ClaBen- Bockhoff
ZE(2003) (NN 1 B Fh B HESEATFFHLEEAT T 5 45,
AW SIHABERE . Sk b, RS A T A
FIRRE, W& RYRFE 2 (IR S m Al
000/MFiyy 73 A)™, XFH AR ER A %
B UTAER, OO T ALARIRAE SE Bt A0 RS B 1 Bt 5T
3 T % K3k (Ohashi, 2002; ClaBen-Bockhoff et
al., 2004a, 2004b; Miyake & Sakai, 2005; Ngamriab-
sakul, 2005; Wester & ClaBBen-Bockhoff, 2006a,
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2006b; Reith et al., 2007; Walker & Sytsma, 2007),
BT O Lk A A2 25 27 doe FT T 9 1E R 3 2R DL 4 T 1)
LR ARIE o A B SR R AL AR MESEAE ik 22
FEPE . TEA AR VLR 33 I 7 T i 5k e,
DA 307 4 1T B i A e 68 0E A4 1R 22 R M N O Y
X, SR HEA A A A T AR SS9 AT P 7
.

1 ATAPREES RS R E NG B 1t

HEr, ORI FIAT RS, MRis g 5%
ARATT SR Bl AR, —REFER
PLEL R e g A AR I A T B eSS AT R B P
o) B R U SEATAT 25 K (BT 1A); o5 — 2R 2 RHED)
th R IR ER R W] R SRR A T ) HE SE AT AT
B(K1B. 1C).

Sprengel (1793)75 & {4 B2 5 J (1) HE S8 &5
RIS, 4 XU SEAT A S5 8 AT AT D Ry Ak 22
(filament). JLJ5, Hildebrand (1865)iA K, RN )E
(PVHESEATAT A2 H 24 B (connective) MG T T 1)« IX
MR AR JE R R B AR MESE TR SR &
() BT 5% 1 45 B T AIE 92 (Weberling, 1989; ClaBen-
Bockhoff ez al., 2004a). 7t W JB5E T, XTHESSALAT
(B R A FATF I AR & Salvia patens F1 5
Hu R 5 (Salvia pratensis), X PP 1 RE S 25 04 5
AL, 4 HESE RIS R 2N 7R K E, 2K
R 1 1 58 (taminodes) . 1] B HESSAE KT I,
16245 1 W 24 =5 (thecae) Bl 2 I AE X BRPE, —K—
AN, JER, BB F A, KA E g g
e BRI MM T KA Eum(E 1A,
fth), KHEE, el E, 5 EBRARAZLILFEIE
J S AL AT (1 - (1A, va); BRI S0 T2
B (1A, sth), BILAFE, 5T B2 o
SEALFF I R (BNA, la). HESEAE22 50O, FEA
fere W EE, fe2e Fimiidl, S5AMEES MK FIE
FHL T (KA, §), MRESSATFAE 12 80 e A mT
fit(ClaBen-Bockhoff et al., 2004a). P4~ & HEES I
ATHEA, XFCPAT K E, 0 P HESSFLAT T R
Ry ARG, AR R85, T T ok,
PE I BELPS T A 2 W B TR 3 Y B A

RUMESEFT A 21 T 2 45 0y 2 I AR = 16 2 4
PEo AAE R B R, ATARIREESE S AT iR JOR AR
A 24 S A DL AT N IRk A 4546 4y R SHb



B ALAPIRMES S AL (K h i) . A, B R
(Salvia digitaloides) AL FFIRHESS (LB MHE %) . B, B0
Z(Roscoea schneideriana)t 253 26 RFLFF R (SRR IR HE 58
(A HE). C, W73 (Curcuma amarissima)it 2945 %
ALFRREUEDIR)MESE TR T # ). a, 1024, f, fE42; fth,
AHE; j, L5 RIERINHTI T, la, HESATAT T &
IR B A, C); s, FEFE; st, ik sthy RHAE; ua,
MESSFLA B,

Fig. 1 Lever-like stamens and floral structures (Photo by Zhang
Bo). A, Lever-like stamens of Salvia digitaloides (removed
upper lip). B, Lever-like or spurred stamens with basified an-
ther in Roscoea schneideriana (unwrapped lobes). C, Lever-
like or spurred stamen with dorsifixed anther in Curcuma ama-
rissima (unwrapped lobes). a, anthers; f, filaments; fth, fertile
thecae; j, torsional joints between filament and connective; la,
lower lever arms of stamens or spur-like appendages (B, C); s,
styles; st, stigmas; sth, sterile thecae; ua, upper lever arms of
stamens.

SR ALATARMESE S LA R 91

KM (ClaBen-Bockhoff et al., 2004a) (K12). H1FHE
T2 X 2 % (bithecate) IS T (EI2A), RIVHESSATHT W3 i
MZTERIRE, =tk SRR EHAE
7 (pleisomorphic character), BIU1S. stenophylla.

S. przewalskiifS. scabra“FW)FPIIHESS 250 . Hax4
RATATARMEEE 5 72 e T 24 3R B i) B 24 %6
(monothecate) &5 4, BN K ERTAII, SE2FPAY,
AP S, TEREESR, TEAEAT, &I
TH S AL K My M LY () B SEAT AT TE 2, nl&2B.

HEIFRA, R EA, AR TR Rk
(hummingbird-pollinator) 4 3= 2 (1) 1k 8 7% X (
20). H4FpIEA, anlE2D, HMESSFLAFR R E R
1k, TE R AR (appendice) 45 1), AN AT AL IhfE,
FEATFFARIE S AR 2RI, WS, verticillata (V) HESE
Shik. EBSPRTY, HESSALAFI N B, T
T LA T8 O R I = e 45 (EI2E) . Bll: S ar-
gentealPIHESS N 5 TE ILHE Y (arch) 45 14, 4 il
P& IR B SEAT AT T B Rl AR 45 74 (spoon sha-
ped) (Reith et al., 2007). SV 25 @ YR AT AT
ARTESE S5 A I Wkt =5 1) 2R, HAN A &
(lineage) P AT AT IR I S5 440 02 th 25 BR 9 K (elong-
ation) FJE Br), JF H H AR & i) [ P54 (ClaBen-

B2 R AL AR S5 1) 45 74 2 FF 1 (ClaBen-Bockhoff
et al., 2004a). A, MAEFATIRMESS . B, FLATHEZS h i o
MRS . C, AT BRI B2 S ESE . D, ATAT TR
MHESE. E, HA =4 MEa MM, BB AL
BRI 288, IROR B BB %, AKX ATk
2.,

Fig. 2 Morphologic diversity of lever-like stamens in Salvia
(ClaBen-Bockhoff et al., 2004a). A, Bithecate lever-like sta-
men. B, Monothecate stamen of curved connective arms. C,
Monothecate stamen of straight connective arms. D, Stamen of
reduced lower connective arm. E, Stamen of three-dimensional
lower connective arm. Shaded area represents elongated con-
nective arms, black area for thecae, clear area for filament.
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Bockhoff er al., 2004a). 534h, {EJETERHIHALERE
HORILISAT AT IR MESS 5 R 5 g A BT AN ] o il
Hemigeniaf\Microcorys A&, HATFAREESS/EAE
56 PN PRI A AR A (A AR A S8 TR AR O 7 ) T i 5 R
JE L JE WA & (reversed); 1H &, BEEEAT AT [FIAE
ZiREIE TR, HESS T B2yt 2 AR, HOR
A AHAZUIR (beard-like) X A2 45 4 (Guerin, 2005) .

KT LRI b R I e SE AT AT R T 1 &5
MR & KA B> . B, fEZRe N @,
IR T P9 AT AT R I 8 (Ngamriabsakul, 2005):
— R ME S I AL 25 JE 2 (basifixed), {EAEZ2 FI{EZY
A A (R HESEAT A G547, BB, BN iR
ARTKIBY & £ K (anther appendage), 16 4FAL T4 56 H,
FALT BB S E AT AR ARSI TR, T A 22 Tl o (1)
TELTER A N HESEALAT I B, AT IX AT AR IR A
SRR JE A Cautleya . Roscoeaf Camptandra, H:
MERETE A M ARG i BB, 53— RATHR
MESE, TE25715 4= (dorsifixed), feM FE3E AL 2104 74,
FEACTE CEIR BIAT AT TR, b A0 25 (B H 2E)
YT I MESEAT A B, AR B A Curcuma
Laosanthus¥Paracautleya, WK1 CHi7x. 2R, X
PRI SEAT AT 45 44 5 5 TE R} 1) RUME SEFT AT 28 24 1Y
WANE. E, ZRME I S MESEAT AT
AN EHESS R B I, FEAR SN HESS R AL A AR 1)
JE AL I 5 (petaloid  staminodes); JLUk, ALFFE t A
BIS TERHPUUMESSAT AT th 25 B A I KTE e, 23—
e ME B AT AT N (BE) 2 Ak 22 RG24 (1) 15 A
(oint)ZH 2314 A T B, 1 28 — eSS AL - th
e BESRLTBA LART AR, (AP S SEALAT (1)
)/ 5 AR B 1 48 2 41 2140 Y (Ngamriabsakul,
2005).

FritZz Ab, B radhia G 2, e
(R0 73 20 23 Ak R 2R IR (spur-like) B AR T AR (1)
Bt J& 14 (appendages). 1l il Linderniaceae®} 1, £f#
J& (Lindernia) Wi ¥ & ( Torenia) M Artanema & %5 1)
Wb, LSS A BIR 1Y) FE (club-shaped  spur)E{{&
22 40 R IR (Rahmanzadeh et al., 2005); A AL
J& (Monochoria)fE ) (P HESE AR HA BRI A4, 2
&, IXLERh )b S A AR R R T IR R R I
HRLALH I ThEE. Y348, MelE (Penstemon) it
—LEWIRR (NP palmeri), FORAGHESSAEAL Ry 1L B
fie & ¥ R ALLAT AT 59 4F 1 (Torchio, 1974; Walker-
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Larsen & Harder, 2001), 1M 7] & MEEEA B A 1)

At
2 AAHIREET BT RERT 5%

2.1 AIFPRER SHERREH

PR A6 R A6 R T e AL B 2 I VT AR 28,
AL Ttk HAER A A ) HAE, KR E T
BRI . VIO RRIGAE A A I R b 22 B
I eSS RN Th RERY AR, AR B ) L 1k
(Stebbins, 1974; Endress, 1999) . 7 % 1k 1% ¥
(specialized pollination)f T, {6374t HATAH Y
LAtk X E, f83 A% 4k (phenotypic spe-
cialization) 5 FA] HEsRA FR 17 A4 B (restrictive pol-
lination) AL PR, | L, FeR LA FR A
16 LA P (floral specialization), 5 Rg i i AR AL T
PR AR R P ATATFE R (Armbruster et al.,
2006; Armbruster & Muchhala, 2009). #FFLE M, 4T
FEIRME S (R BE AL, R OIS 58 T 08 8 AL 93 1) K i 1
(Grant, 1994; ClaBen-Bockhoff et al., 2004b), #t—
Pem TAEm L.

R i A% B 2 SR AE M v B AE AR B 2 5 L (R A
B SLRIE Al AT SR RO R AH DT TC o ALAPR AR SEAE K LI
(NSRRI s, B SSI“BROIR N B R U A7 T4
T MBI L), R4S T Uide B ek Al (T IE . 4
e 8 HENAE T W B AL BN, AN AN B b 8 1)
CERCR IR BAG T N ) BB, ke ] R 45 1
eSS BRIz g, AR B 2 s ek £
BAEA A I(E3A), AR e, X
A ENALAT N RANE ), R RS AT AT Sk
WAL (KEI3B) . 2 tAt b LARIRE R 77 U5 i) 5
AR, TS GORAER G B BERE AR LAY 3K, e R
Ko IX AT AT IR 5 28 B35 5 4L 80 HL I (Lynch,
1882; Ngamriabsakul, 2005).

AR LE, FLAPIREE S FoAb e IS ) T i T
R EEGIE . BERR RS ELL1 000 F,
80% LA bt o A% Ay B Hhe (38 e ) B e 250 )) L e
SRR X iz, ek H O AT e A% 8,
BT Sk e 7R 1) 7 3845 8 77 20 (dorsal or nototribic)
(Faegri & van der Pijl, 1979; Clallen-Bockhoff et al.,
2003). Horr, A7 b g R ) 1 RS IOAT AT I
&), HALR B HUA (1ateral or plagiotribic)al i
(ventral or sternotribic)EAT 4% ¥7 (ClaBen-Bockhoff



B3 KRR ¥ (Salvia subpalmatinervis)FLAFIR IS 1)
TR LI GR B . A, A8 & U7 6 fild K e SEAT ATz
gy, ML ARRACK - B, fekn SR UTAE, BITIEE AL
FPAREESE LI SEHT Rk R B AT I T 17 o KB
oA B IR AE N, MESATATIZBN T 0 a, fE25(0]
BHE); la, HEESALKT N, st, A3k; va, HESALF L.
Fig. 3 Dorsal pollen transfer with lever-like stamens in Salvia
subpalmatinervis (Photo by Zhang Bo). A, Pollen loading on
pollinator’s back through triggering stamen levers’ movement
while pollinator visiting flower. B, Stamen levers restore its
original position when pollinator finishing foraging. Solid ar-
rows indicate the direction of pollinator quitting corolla after
foraging. Dotted arrows show the movement direction of lever
arms when pollinator quitting corolla. a, anthers (fertile the-
cae); la, lower lever arms of stamens; st, stigma; ua, upper lever
arms of stamens.

et al., 2004b), FAb, BRI LR T 10—t
YyFd, o a] g 1 (hummingbird) BEA ALK} o X461
BERIPIIRLAP IR M S AR R R R o, A7 SERE R AL
FIhfe, WS, leucantha (Wester & ClaBen-BockhofT,
2007); FiAT Lok, AR sE S Ak R R

SRR ALATIRMESS S IGO0 93

R 2 & TALAFIIRE, WIS, coccineaflS. haenkei
(Wester & ClaBen-Bockhoff, 2006b). [AlFf, ZEfHiE
Wb A FAPIREESS R dh, HAETE5H, A dG4e
2 S I B i 5 e (EE AT A ) A 1) R B0 e 2 A
W BVRAAIE, 88 45 R A AR R I R AR A R R4
AP BE(Lynch, 1882; mivl %%, 2006). H T,
KT EUBHE B YRAL R AL~ SR 2D, T
BEGE M AE AR A 1 B b AR e R AL Dh g iE A 1R
M. fEHAEL A S (Roscoea cautleoides). KNIEH
FZ(R. humeana) M TCWI%:2F Z:(R. schneideriana)lf]
AR BIETE R R, X L MR AT R AT ()R A
85, (HIFAR WL 3] fe A 0 ) H X — 454 1AL K
&, TSR ) — LR A ARk i R (K R,
2008; Zhang & Li, 2008).

IR, HMESSFLAF N (EF), HIBANLS
TR I AR =18 2 FEPE(Cowley, 1982; Mangaly &
Sabu, 1993; Ngamriabsakul et al, 2000; ClaBen-
Bockhoff er al., 2004a), 7&Kyl i vh K45 45 H 2L
YER o B, ALARIREESS R )AL T1e5e 1, B
T A ) Rl aE, B AR E bR (nectar barriers)
YER, JEPITATAEAT A DO fg . ok, ATARIRHERE,
JEHRT T B & T X 2 s i SR A (K2A), H
R AT AR S 7R 46 K (presenter) IR 51 45 4,
(RTINS PR B CE BT A% & S (IR o PR AR
{55 (visual signal) (ClaBen-Bockhoff et al., 2004a;
Ngamriabsakul, 2005). 5=, HEEEFTFF) T EAAE—
Lo 3k WA A ALKy K5 5 45 44 (guiding
structure). 11, S. argentealPJHEES N il A 2 G
HIE (arch)ite), B RVIER R dE A, EE S
1 H(ClaBen-Bockhoff et al., 2004a). Hrih il 51
FLAFPRME SN B 45 A0 0 AR il BAT— AN 1) A AR &5
FJ(spoon shaped). Reith%5(2007)i it H I REE A
“#(functional morphology)fJBFFT KN, XML
A e 7 A B ) B TR 1 I i R i /N Dy e K
B, BN R, BT TEAR R A 1 T TR 4
YER o 5340, ATAPIRBESS T8 1) & M A gkl i
HEEMNAEXRDRE . B )5 T B Hemigenia J& Hl
Microcorys J& " FLF AR HE &8 & 1K ] 201K (beard-
like) 45 ¥4, S. argentea () HE 8 R 8 A7 A2t 1 HE B
(cone-shaped). F-1k(hand-shaped) 145 JE(finger-like)
SERAE . IXSOHESS NI ARSI, e Re B AR
HMIE, A7 L] S AT AT IS B A UBRS E 1 Bk

doi: 10.3773/j.issn.1005-264x.2010.01.012
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AR B VTR 24, ALk IRRS it 1t F AL
B, g, X RAG I AESTh R Z
B SEI U, R E— P ITUE S .
22 FIAPRIESR S SN

—ELK, FLAPIREESSHON A ot — R gk A8
R LS. BFEE A, R B A ATATIR
HERE % F 2 )8 (Lynch, 1882; Troll, 1929). Z%i /&
PL N Camptandra & (Holttum, 1950)%% J& [ Fh, 1E
bk B eh, ALKy SN IS T (R E N e A I
H LT AR 5 TRk, BEZ, A
SHAekn R i ) B AU &6, AR, 7 B HUR HAE T
I, EH T HESE R AT SR IBE A A m) b 3R T R R A
WA T A FAGAER AL Ry & (R el AT 2%
HifE UE T 5748 (Lynch, 1882; Ngamriabsakul, 2005;
ELL A, 2006). [FIFE, R JEATAIRIESS S AH
N AEF SR AL, TR RAT R BT E W
LA P, A ] R B AT R R S A 2 (Huck,
1992). DA, FLAFIRAESEAL A HLE T S B ARk
X MEPE T BEM T4 (Webb & Lloyd, 1986).

FESEATAAL R LRI, 34w 3 e Fiz 3) 4%
B BEAT ALK 43 K (pollen partitioning), & & MATH
EARE . “Aeky EILELIR” (pollen presentation theory)
(Harder & Thomson, 1989)i\ Ky, 7EVjft & H i
Z . BREENENT, My ek T e
(packaging) B8 71 A~ [] I 1) F0 2% 8] b 1) 23 % HL A6
(dispensing) i) {4 K5 2 43 B 46 ¥y, AT BEAAE KD €
G, P A0k AR g, NI 8o 4 A
RIHEVEIS & 2, X2 B R S e IR AT N 1
WA AR} ()38 B (Harder & Wilson, 1994; i fg il
&K, 2007). Reith%5(2007)IA A, 858 HESE AT
ARy, ARy 5 I 52 fukl A AT A 3 B0 1 3 R A2
16K 43 K AL (Harder & Thomson, 1989), MIMAH
HMESATAHAL Ry LR R A 68 73 R Dhie . BRI,
S. pratensisf¥]— <4k BEIE ALKy & 1217 IR 134 45
Vi In) BEATAE K 99 K (ClaBen-Bockhoff et al., 2004b).
WAL, ZAE AL T8 2 O IS s kA ok 2
— Fh A 3 A R 5 X ML (a reversible explosion
mechanism) (Reith et al., 2007). HEEEATFF 2 ALK L
T, —J7 ALAF I [ iz B Re PR uFfe ks 22 vh ek
SEANEAS, U7, BT AR R AR (R R
v, A A% R 5 JE 2 fish B RIARE 36 49 T 3 e T IR
oo DI, MESSALATAL R L] FEI 0 10k 14 2L
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FSCAT R e 2R FH B e A A (R 5 B

TIAL, AR SEAE AL Ry i B b T A — R e
PR AL K& AT A INLE] . ek KRG, MY
TN AE — RS AT e b8 mo A e | 1)
PR (G K A6 8 7 ) #8235 5 1k A% Wy o B R U 4 L
(visitation sequence or bout length) 32 5, M7 %,
A v T R PR S A6 352 K FR AR PRI A6 K0 Bt 803 (A K
T AR A B BRI L A7) (Klinkhamer & delong,
1993). WILATSIN, 4 T SeHLAek i i) e KAk, [
I il Rl R e AE 43 K, AR P JE e R 3R AL R 2 1)
AT R, TRt mvieaiin, AR e 3.
Ohashi (2002)#EM, Fl & 5 J AR SERTAT 25 440 1 4
ok # BA BHFE RN, w4 Fpqe () FE U I 1A, M
0 R AT X 1 B2 ARG A% Ky B EUAE AN (R AR B 1) % 20 1 4R
M, PR ILAR AT S U R, T AR
HREE 3 75 o BE 11X — JLAR, OhashiXfS. nipponica
IALAFAR M SEREAT T 45050, 45 R HESEAT
FF 45 R 1 25 B e A7 R B AR SR e R U I ), [R] N g
PEE PRFEUT I AE B DA S FRAE I U 2, (R X 1E
(1) E 5 FF 5 23 LA SRR 1) RAT FE B 5 o i3 Lt
A, BB LS AL AT DR A 258 45 4 fi i i o Uy 1 B e
MBHEAEH, BRAR R e L s . DRk, HE
SEATATAL By HL AL bR o J v (R kA A s R
ERTIA A AR X ARy N B I E Y. . H T,
A IAZAR KT DL I8 Y. 55 % L) il 4 5 B 5 ek
HVETEAR 5y 5 W R TE v AN AR, e B IRAR
o

3 ATAPREESE R IR

FLAT R 5 1) U5 5 BE AL — EL 2 73 285 5
WAV R IGE MR HT, A RALFIREESS
RAKBEWHTR EEEDEREEHRE &
(Bentham, 1833; El-Gazzar et al., 1968; Cantino,
1992; Wagstaff ef al., 1995, 1998; Mabberley, 1997;
Walker et al., 2004; Walker & Sytsma, 2007), 1%}
FLALR} I A T LD

Gould (1990)ik}y, HEAL7F I (evolutionary nov-
elties, R B&E Bty B A=) AR
(K147 A 77 X(Mayr, 1982)BEHLAE, AKATHELEA
[F] R I s B ST B A R A o AR, FLATIRMERSAE R
WA T 2 MRS AT . KIBLK,
BT BB R B AT AR ) (derived) s SR 1S



2 20 230 A ) 5 2 A (AT AR BRESE), BN
AN HAR R, AN, AT AR M SS pA
o HEYEPEIR . AR, TS T R G AU
AR T R BE (Walker et al., 2004; Walker &
Sytsma, 2007). Walker%(2004)%L T J& R 544 ol
(B35 R AL 36 )7 T R F TR Y], W
Fe 5 & B3N 4 S (clade) AL e, AN SCRFFT AT IR i £5
KRR Y. FAE201H 404, Himmelbaurfl
Stibal (1932-1934)5IAN, HEESZ PR AL 2R
1 B TERHED AT — ota R ATAIR
SV BeAE BT IH S PAT b . S5k, fE)ETER}
Prostanthereae V. £} Fll Westringieae Y. £}y 5 & B T
RAAIFLAT IR MERS S5 8, 1 — 22 SCHF T AL IR MESS
TEJE TERA AT R AE 22 BT B TR . Walker
HISytsma (2007) %k T3 A 15 73 A 1 HH 5L 36 [ A4 1)
1444 Tl (HE P AL 4583 WU B 8 (A IR 73 1 R 48
SEREST, [RIAE R W SR B B AT 3 ST (R A Oy
S, HED AR T ALAREE S R AR T 2 IR
W PATHAR R A [RIBE R BR, AN FEEE 7 3
P FRIAT AR PR A 258 B A% FLAR i, SR I HE A ] ) 8k 4k
HEaFA, T L S R R R I AN AR AL
[F A, AL DR B 6 7 22 R b 2 Mor R A
Ngamriabsakul (2005)3 i 5 HE 88 25 7 15 22 15 1) &
SR AU I, A6 25 A R A IR B S8 A
Camptandralg FEZJZEJEMG T Z @b kA T Mor
HEA; SR, FE25 1 A2 AT AT DR S8 70 22 55 53 3¢
W (Curcuma complex)It]Hitchenial& . Smithatris &K
+ W -G )& (Stahlianthus) T & A2 T ML ) <R 46
(lost)o

KT FCAFARMEZS S5 4 16 2 FE R4, Himmel-
baurf1Stibal (1932-1934)7F il 2 5@ oK HESE B &
5 &9 Kk B {H(systematic value) Mt R, BT T H
WIHRZR . AT A, BRE R (S, prattin) AT HE™
AR AR IR AL I 8 (staminode), R BE & BUR 5L R 11
JRUGHRTY 12 LA SIS TR 1) Tl 256 45 A AT i o e
SEOVERE EATATE R, B T B XK
%% (bisporangiate) I 25 1 (AT AR AR e S5 2R 1L
Troll (1929)1 1 X J& 1B BFAS [ Ml 5 1 25 ¥ L AUA
M, HMESSTEAL T T A BB 25 B (1) X 245 = 168
PIHA WK A RO A = MESE, 55 22 = 1AL
FARMESE SR AL R o XA — B R E ESCFF T
Himmelbaurf1Stibal (1932-1934)7< F-ATHF IR &1k
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ARIHED . [R)RE, WalkerMISytsma (2007)if 1 4 1 %
G BN, 15 R s A R ) ST,
PR EESS M TE SIS T RS, 2
(ERTE 3 RSN Py (E e EH AV AT Tl
BRLE LA B . AN, ATARIREESSZE 7 TN
208 A 1 K S T ) D 2 S AR 81 24 I K 1
WL ERA, 3 Moy =B, MRS A
(AT AF IR SE S AL R A

HURTAOBITTT R B, AR b B s A A Tl UK B FL AT
AR e S5 25 A 0 g e 1 A2 4K . Wester Fl ClaBen-
Bockhoff (2006b) &I, 7E200% it £ A1 K3 1) Bl 2
FEYIR T, AT S0 TR R EESE A5 K AN BATAT )
e, LA LERh R SEATAT S5 kA TR . il
S SRR KRS, coccineaNS. haenkei,
A SEATAT N8 B BB W e SR, (FILAE
F R R TP RIS B A RATAAE ]« 534k, Rk
157 J& (Rosmarinus) A i & 58 AN E 0 XN, —
LE A O ALAT IR MESS 8 A2 T 2 OMAT iR Ak
(Walker & Sytsma, 2007), 1HIPES. verticillatall }
Audibertial N If]—Y65h . Reisfield (1987)iAN, M
SEALAT AL 03B A A2 A% Ry LA AN 2K 1) 1 2R AR
MREA A IR o AR S 2R A J T S AL B A8y
JE I A5 (Grant & Grant, 1965), [ 254k (113X
SR AL AR MESS J8 AT A2, HLAh kAR f
X A Ky (% 28 11 1B 4k 1& WV (adaptation)
(ClaBen-Bockhoff et al, 2004b) . i 4E [ 0 5%
(Wester & ClaBen-Bockhoff, 2006b; Wester & ClaBBen-
Bockhoff, 2007)%& W], £ BHIET, FFHEAEHESE
FLAT DI BEFIARAK, AL A D 1m) & BRAL M) S 7
T2 UM, B D FF TR WA R,
1 J& X Rl Hemigenia )& F MicrocorysJ& 1, 5528 4L K
T7 KA T 2 UM, JF HARR R rh
RAE T HESSATAT Dy REIIAR 46(Guerin, 2005).  RIHIA
Hy, ALK AT e L SK S AL FIR MESE BEAL 1 32 2 50
03, HESALA N B U E R ) — R, 2
AR IR, Ay ad WA B R e S o) 1 20
AL AT 2R A,

4 AR 5 Y5 E N 158 5T (adaptive

radiation)

F IR SN, A R34 S R 8 A I
RARIESE, XIS — H A A I S E
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(Barrett & Graham, 1997). #24fiSchluter (2000)] &
X, T8 N A S AN IR ) 3 &R (lineage) N K
A B AR SRR Y 22 REE R HEAL o 30 A S T
ioh AR B o Bl R ) B — O R (@ key innova-
tion) (K BEAL T itk & (Barrett & Graham, 1997). S8
AR BE AL A Mt 15 (1 77 AR I AT AR, T
S BUK A F & Y 46 5 0 36— 1 AR R (evolu-
tionary novelties) (Simpson, 1953; Hunter, 1998).
I, RBEMHIRE W 55— 2R RE AR s DA K A 1T
FHIR R, A8 HIR MRS — 2RI = A 2 FE
/K F-(Erwin, 1992; Heard & Hauser, 1995; Hunter,
1998). HodgesHlArnold (199577 & B, -3¢ )8
(Aquilegia)Fi¥) 4t Hi(nectar spur) LIRS 15 1% )8
Yk Z AR AT B A AR R BAH R o BRI,
A SR AT REAE A — B R AR % @ P b A A el B o
RIFGEEAEM . BT AR MESS AR AR L R by
WA E D, ClaBen-Bockhoff% (2004b) 4 i, 4T
FRARBESEAL R 55 AR AT REAE R — OB RIR, Wk T
B8 S e )l ) 20 S N R A

£ 58 [ 25 (reproductive isolation) A K% F) Fh
TE R EES AT, DRI, A A a0t A 5 gl 25 1) Lo
DR 25 B w5 B — B (1) 7P 28 (speciation rate)
(Hodges & Arnold, 1995). FLFF RIS 45 k14K R KG
P, A2 LA BUAL B HL R BS 2 (Grant, 1994
ClaBen-Bockhoff et al., 2004b), MififE—E L L
HEE PP 434 (Guerin, 2005). 2R, HA
FEAPIRERESE ) SR S B A, [y F )R 2D i i
FEIIAN R AR LR RS, 2 it il A AR, K
7IN AR DR AN TR) R A g A A5 ORI A ) PR A2 o ol
% (Grant & Grant, 1964; Dieringer et al., 1991). 1fij H.,
AR A REA WA R 2 S AR [ AL AT AR, A
1M Rl A R RESE AR 2, AN R BN IR
(ClaBen-Bockhoff et al., 2004b). KLATIR RS an ks
TIAL Ry, BEREBRARRR DAk 2 ) 5e 4, X e
S AL R () G THTRLNE, T A 490 407 2K Bl e R A o)
3k 1) BH ZE (blockage), M T HEH =1 il P A6 K3 =K
I, i T HESSATAT AL AE ORALE R R] £ 457
R e, PR SRR AT LR, R
RAGE AR, YERF B w2 R A 2 B K
(Armbruster & Muchhala, 2009).

TIHN, FEER SR L) S F 5 A H A AR T
T FT R ) e S5 AT A AT By &R g8 R R
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(ClaBen-Bockhoff ef al., 2004b). IX AL AP IRHE
SEEE R VTR Ty AR Ry RG & e, 1
SEDF A, PEERBER T E . R E
FIALFFAERHLE R AP ERUE 151k, X — M A i
“rFisher (1930)1)3E W B S AR A vh < s RGUHIXS T
— AR RS, T RIS AL TR Gy T L
JEA AT I B8 (Orr, 2000). 55— J5 1, FLAFIR
M EAL Ry R G AT Z AR, A7 R0 1038 B
T Reith%(2006) %5 FLATARHESE A= ) 2 R 5¢
R, MESEATAFAL R HLEIAS 25 38 5 0 A by B i
(ke A ATAT JIT 7 4 FH ) R 9 1 i /A 30 4 5 1%
(pollinator spectrum); AH %, 1T~ HEIE A [F] 44 7Y
AR U5 A6 AT R B A% B 500 3 K A% K 5 G
(Wester & ClaBen-Bockhoff, 2006a, 2006b). tiit, )
BT gE R A 5 1 2K, RSB R, A
)T Ho3E N ER . 46, WalkerfllSytsma (2007)HF57
R, B R AEAN R AL 3 S N P 1 3 B A A
A1t A T SEAT AT AL AT R, B0 3R T
FLAT R 558 T 6 70 0 3 S 2 S0 o i e A Oy DR
PER I o

5 45iE

MNIE IR SCIARHE, AE PR (flora traits) I REAL B
— B BG4
RIH T H AW 2N, JEEmy A SR
PR PERE B Y, AR A A B P A A PR A
FUX % (Caruso, 2006). A AL S A 97 1 22
KAEARIIMETE L g . AR B, MY
BB AR AEAE ] T HEE D Be LR
BEAL T K f¥) (Stanton et al., 1986; Barrett, 2002b; 5K
K, 2004). fEALAED) 2 S AR AR PR 45 (R
MY ST A 2 ARGK R B, 2004), S8R EE
AR FUISE AHE 2 Dy i PR 77 18T LA R S AL A
PO A P K EAT IR T

AR T e A R R AR . AEAR R
o R B A AL D e — SRS FLARIR
MESSI AN ZRAY | Sk 22 R L R S HEEE Y 33 S
ic4%, 185 FlProstanthereae WV £} Fll Westringieae V.
Bl BUBEE, DRERHEDIII6 & T B T ALF:
RS S, RGBS RKA, B Ew )
KPR — 2R R TER T DA R 5 e A AR 11
H A 24 24 I 20 23 K17 T8 I R E SEAT AT 2R, 5 —




e LR oy I b R B e A 25 R (B4R 2 5 1
22 AT L) AN B PR B HESE ISR o P RATAT
RIS B W S R DX ) e FT 5 AR 4 K 2 By b 2
ﬁﬂﬁATﬁfﬁﬁﬁﬁiﬂ’ﬂﬂfﬁﬁﬂﬂ ik, T JE AL
H— ] BHESRE . A5 Thae b, PIRHERS
i’]HmL oAy 4 Bl H EE%TW{E@IHEQWIﬁ

ATAER, e A A PPt S A AL R BL T,
J\_ﬁ*ﬁ ARy . A0k 70 R UL RS A K 1 0 @ﬁ?’?
8577 AONAE P Sl D s . I 5> 7 R Ge
AR RN, ALARREESAEAFRE R A T 2
T AR PEFPAT R, b, RS TR R R AR
PR SR 5, AR B Sk K 2R T 3 ST gk
b, T HATREAE N SRR IR AR T R A ) i
N AR o

FOAFARMESS th T3 A TASFE I RHE, W &

Bz, M AR EFRONAR RGN, U

ok Z MBS S S HHEWT TR . E2ER}
MPIAH OGS T, AR AR50 Rk =, 6 AT
Hﬁ(ﬁﬁﬁ’iﬁ)fﬁﬁiﬂ%%i%&w ECANFL AT AL K7 Dy

B AFIR R, JRIER, WL E AR AT
Hﬂj(fﬁﬁﬁ’]i,ulﬂ EMTAIR, i = 78 8 i EH
SIGUESE, A T —RAWT I ERI A
CHTNHAC, REALAIRMESEAL ¥y 5 -G AR I A2 24808 W
WEST, BEE VR FEHE AN R A7) BT S AN A A% )
(HEPE D e HEPE D) BEFNAS T R G0 I 52, N EEHRER
A HE 1 Ty B R E 1 ) i A AT AIR ME SAL By 25 5 Ik
I ok R T RO F L, LA TRV AT IR HE RS
Akt 1 N & . Hoar, @k Wk
(macro-evolution)if 57, X AL F1 1R ke 5 7E J&5 T Bl B
P& TR S 2R O THEA T R A
I, N RV HESS AL R HL I A A R PR T 1k
DA SAH G BE A )5 i, (] N, E AT AT AR I
SALKY G5B AE ) Tt AE (micro-evolution)ifF 5T, R
S YR AT AR I 8 PR 1 B AR e 2 B AL
BUI, g kb iy s $R I b A 1, AT # AT
LA FIE o

Bt EK9737 B (2007CB411603)4= ¥ E A3 [z
“HAITRIA B KBy, P E AR E SR G A A
%@%?ﬂﬁﬁfﬁﬁxkiTi%V&%ugﬁ
FFHIPRAET 5 FH, HFbBst.
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