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B E K RIE(Gentiana lawrencei var. farrer) T ESMEERE R, ERKAELITIE. H THEPLH R0
BRGR R, WITHX RN B RE NAFIE, SRR REEAT T 83 EMet. & 2HaMRE T
EHPRIBMK, HATHENTER RS MM AR 5 S R B TS IE R A L S S R B e k. EHA
GiLER Y, BRI MRS, X REE 22 H %] 5 (Thripidae spp.)F4B 4 (Formica spp.)&/ B B bhBh B3
B, A KR BRI (Bombus kashmirensis)F1 75 IR RERE(B. sushiking) 8RR A0 B 3, BEWIEHRIE
WAK, 41H140.006810.005 time-flower “h'. LM EAHTERF S EAFAE L AT $R6E 4 H K T Hofh DR I A E K48,
MITTERER., HHERDNEN TR T ELEMIE. & BERNETHhE ATMATHERNE, UL
B ML IR SRR R ), XV AR HAE T B SR X LA TR R AL — N E R A .
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LATE-FLOWERING QINGHAI-TIBET PLATEAU SPECIES
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Abstract Aims Gentiana lawrencei var. farreri (Gentianaceae), a late-autumn or early-winter
flowering alpine perennial, is distributed mainly in the northeastern Qinghai-Tibetan Plateau (QTP). The
environment of the QTP is harsh because temperature is low and insects are scarce. Our aim is to exam-
ine the pollination ecology of G lawrencei and its adaptive relationship with the environment.

Methods The pollination ecology of G lawrencei was documented for three consecutive years in
northeastern QTP. The breeding system was tested and floral visitors were observed during the flower
life span. Flower longevity was recorded and stigma receptivity was tested by the seed-set ratio of dif-
ferent days in which the stigma was presented.

Important findings The seed-set of G lawrencei under natural conditions was extremely low because
of pollen-limitation. Combined characters of herkogamy and incomplete dichogamy indicate that polli-
nators are needed for complete pollination. Some individuals of G lawrencei could produce seeds under
bagging without emasculation, and it may be from selfing caused by thrips and ants. Bombus kash-
mirensis and B. sushikini are effective pollinators of G lawrencei, but the frequencies of visits are ex-
tremely low (0.006 and 0.005 time-flower "-h ™', respectively). Floral longevity and stigma receptivity
are relatively long compared with other Gentianaceae species, and these increase the probability of pol-
lination chances under low temperature and low pollinator conditions. The combination of self- and
cross-pollination, as well as the prolonged floral longevity and stigma receptivity, may be the main rea-
son for the survivorship of G lawrencei.

Key words Gentiana lawrencei var. farreri, late-flowering plants, pollination ecology, prolonged floral
longevity, reproductive strategies
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HR e EBLNAESKHE, ER. 2WH
S, RMEEmES LEYNEKKS, MA
BWEMY ST ERR. SREH#EX
FHEE, B RS R B IR B BRI SS B TR B
fie 1 A5 M R E (Arroyo et al., 1985, Bingham &
Orthner, 1998), 31 A] fE MK 57 A2 W) ) 5 08 A&
hE; BT @ LR EE R B A B A 28 R0E B S e
&, ¥R &ELUEDTTRELEE —SBEN
&R FRABI(BL G 3CE%, 2007; Duan et al., 2007; &
#iE4F, 2008). {HZE, CHAEWEREKY, EE
Wi, YA ETIFRA RE R
(Arroyo et al., 1985). fEH AR ILHIX, RIS
5 L AR 0 ol 5 G K 7R 1) R 42 1 ) (Bingham
& Orthner, 1998; Blionis et al., 2001; Duan et al.,
2007) F1 3% hn X % ¥4 Th &8 1) % UK 2 Bl (Fabbro &
Korner, 2004) 4k 5 2 5 AT HLHI o

m R AEKEYNE, F—4EKETAR
EEW “f—R—K" W8I RE, BETL
R0 B BN Bl B8 77 (Kudo, 1993), T A [ B
WIFFAEI & L FE 5 A A 1 B 5 SR WS . Molau
(199)GE Tt T 137H bR . W AR A & WL SR Y
H B R mUE IR, AL = AR ) I BT X 3R
ek RAHEENAHKRH . B, BT
KHEP LR AN E, HEBRRESTMEFEIE
WAL, M FEEKFEYRHRBAGMAE LD, &
Fhhe i, R RN & LEY A En 7
XK, BT 168 XK (Pollen-risking) Sk W%, R
RX S us R & T2 20 em ra, ek
B TFEK MBRBHFENSLEDU AR
F, BN ERHS, HHTHERE BN FE,
R IR BR B B I TR) BT BEANE T 5 BURR T RS
WM, B FFh T X R (Seed-risking) SR BE, K
X R ED R TR IhE, KieEa
131 ) F 47 %6 (Molau, 1993). {HE, BEIFHKE,
FHAE BT W 1 IF A6 B AR s R B LA AR DL B3 K
F, AFESERXHEKETHRBOAR), &
WY IT W B H B 1L AT 87648 A (i
s MERE A, B £ i Ik BE (Gentiana law-
rencei var. farreri) M1 ¥ £ %8 JHIH(G. veitchiorum).
M4, XM TERE ) R AU 4 BE5H S Y FF
TR A ESE ? WX R AR SRR

To X} (LAY B R RS Y BERA

gt i F AL TE B JR2 400~4 000
mAiIHIX (Ho & Liu, 2001), [ E3cigH, &t
TR et (R FEE ST AR R EI0AK, 1B
FArAEM BB e LAY . YT MRS R Y
5 i BB A P 2 R O R S 7 IR R R, U
TGRS B3 B AEM T, KTl T4
I H E A A M, T O s R R B XU R AR, A
WERATTTOIN £ - R NE R AR Ry B R D RS R AR
AR, — NS ABRNBHIIS R, R
X &% i AR f B B 4 B (26 W AR AR AR AR ke,
T 2 B ANE S L)AL 3 B e = (R A P 3
H36.5%5-m™), LI W %Y A R 5 K
Be . A, St e 0 S R AK B Ao R EHHE?
2R I8 IR A A6 R0 JF AR AR AE 4F B A BT R B B
FEAL & (LA ) B TE SRR () — AN AR R, kA
B 9038 ok 7 5 1 JR v b b X %t % i i HH 3 4R
B S WA L5, BT R BRI I & LY
FIETE SR, B AEIE LT3R D& RR
MEBTRGER S 4? 5SHARHEREYER
—E(7 2)£k M B B A& 8 B SR A At o AR AL
WY —3? HAM IR GG RE? 3)&m BRI
73 iy FA A 3k O] $5%2 4 8 ) 2 75 Wi Molau 2 (Molau,
1993) BT A A (1 B FF h T B AL BA AL B 7 b 08 1)
AEAE M 46 5.2

1 #RFAEZE

1.1 B ST (] A0

N 22 FHR B T2006~200849~11 H fE H s 45
[(TYR B o B2 B b R R S R A e
FLas (AT R i) . WAk THE B
JRZR A6 E6(37°29'~37°45" N, 101°12'~101°23' E,
#3200 m), FPHHE-1.7 CEEREZE
276 C;, KA EA-37.1 C), FHEKA
426~860 mm, [EKZLEHES~IH.
1.2 WHFA R

2wk H A R R e iR R % F A B A 4,
H5~12cm. TEkEEH, WA, WIE. TERENT R
ANRIE, HETE, K4~6 mm, $52~3 mm. {E8E
I, EHMARES, THAZE, REELL,
RIHR AT, K4.5~6.0 cm. &M BB T804 T
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IR 2 400~4 600 m ¥ = Ll B A AL A B, TFAE
BEIHKEN0A K.

1.3 &GS RITE

1.3.1 e RER LI (P/O)

BENLIEEL 10N B 2 TFAAR P, =
W RAIENEHALAIE, BT EHEBAN
BLOE R, RIGHH, HAEREATAF, K
21 mL, ZAFEAE, MBRARIH uL, BT
EHET IR, ERSUGFEEHE, B
AP IR E; WHTRE, X% B
(Olympus BH-2, Olympus Corporation, Tokyo, Ja-
pan) &I IRER S H . ¥ 4E 8 IR Bk H 4 (P/O),
CAAI 0 H W e R R AT L R Ge 2R B,

132 JFEdE

RE AL B H AR 10205 3 WAL 25, 200749
H13E R, XTHBATH LG E G EEWEE, i
XEMEBERITIERE . EZEOR R B 45
WREIE] . ARSIk FFRS IR e B B ntia ., gt ki
BEHENMHEAEIE. RITKUEMNEKS:30
Fa (LR AR FF), H B2 R20470 430 8 ik
P16 5 (18:00~18:30Z ) Z5 R . 2007479 29H,
205 LB FAKAEH &G ERWE,

AN, TE 20064 Bl AL & B H bR id 10167,
Ae esxt KT SR E . 8X10:0090 % 20
JRB R T IEAR A . FRIC 1025 HE ML B B 2 I HE A%
%, HkEKABF AT R ZH, 8 K10:00F
16:00% #28 — ik, HEBHEK A HE, Rt
K B RE SR 18]

1.3.3 TeEEBRN

7E 2006 4F 25 M- % IH 4% 16 1A 3% 42 AN i R 1
9:00113:00, 4371 %F BEHLLLHR 1) 102 FE #EAT T
BHOME. F10 pLIBEHE Wl Mg
W BT B BT E R, GU— /%R, H
Wetn F RUE — REEAEEANE N IKEEME
), SRJE W B R BB R A Ak S B AR R,
BEEHEM, BHPLTEESR.

1.4 FERE FIk

A6 8 ¥ 71 K W J7 15 R R AR I R K
(Dafni, 1992). fE20079 4k vt Jz iR AR TE 3, E4k6 d
B R:00EFHS KRR FIRMIE, ERRERR
CLBE eIk, 6 AT TR IEMAED, MK
TRAEI0%MEERRNSLE R, EREE24
h&, MIEE4 CHKF P Ib R, ERLYBHME

(Olympus BH-2, Olympus Corporation, Tokyo, Ja-
pan) A B RE L. AR RER
NTERITE S ‘
1.5 KL AR AR W

{E2008E AL W], HEL12 dRFK9:004EHL40
AL NIRIF e, )E, EREERERE
ZRERRE R(EEL12 OTFF, BERERN
A0S LT 77 P4 SR — 410 mh I RIRIFF
JRAIAE AR (RAE R ) EAT A T8 B4
PR — R R _E (B Bk 1 28 ) WU R T I8 i 7 A L
Bhr. mMRBERTEELH BEAFFIE, VR
K I ANBE, FRAE B 28 F0 52 38 A 35 7T 82 P A
FHATI2de HAE, MIB12 dAT AR LR
BB, rESEM R 8RR
(Self-compatibility index, SCI), LA it b2 m 1
JE ) B A8 S5 F1 ¥ (Becerra & Lloyd, 1992).
1.6 EHFRZGHWN

2006120085 2 76 I FF 44 10, 7E A M P EER
902 75 8 LA T 374 &b BE (45 P AL L &-302%): 1)E 1
J& B8R4 ¥ (Nature pollination after emasculation);
DA FHEE LY (Bagging without emasculation); 3)3
H#E 4% (Bagging after emasculation). %302 H R
%) (Natural pollination) I fE1E Xt . Hb, By
B EEMER S HEIET L ARKFATHAT, Wi
BE2)YEAL 3 HIHEAT o 70 R S RVB R I AT R
F, B SE A U BB TR AR
MWCEH R, HHEEHE., SHE=-RBAMNT
/B B A R TR E R -
1.7 ¥y B AUm s

2006 4F (1) B UM 82 5 FF 16 3 4 W 5% 7] i 3
AT - FE202E4EFF LK1 17 dt ] B, E3R V8 — %
g —ANRR, HdF e RAMGET .
EMEBR R G, HR VRN B ARSI HI1E K B
Hbr A, BT EBZREYTFAMEE. 2007
FERBMBAIRIBHABIH21HKIS hEHAT,
20084F 11 B RMAZTES H2H B9 A6 H 19120 hE it
7. WEMBREE ML ERIEN—EEH
P HIAE(30~10055)1E A BT &, MBIl R
ARV RS,
1.8 Zitorsr

A BETFHEMTESSZ ST
SPSS 11.04 v /MRt b it 4T, 76 tLEear, A
£S5 B % (Nonparametric test) ™ # 5B A K-SH
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% (1-Sample K-S test)fd & # 2 & Hk M IE& 5>
A7 o X F AR IEZ 50 A7 80, AL ATR S
(Independent-samples T test) bt 55 B 28 H 48 19 2= 5+,
T A 28 B & 75 % 43 #7 (One-way  ANOVA) 1 Post
hoc-LSDELEIA B AIHA U EHBFEHRESR, N T
ARRMIES S, AESHERK T2 Inde-
pendent Samples bt 52 % 4H £ 48 9 %2 =, MK In-
dependent Samplestt B3 B E 34 L. FEIRR =
Fo R RE . RPMTE RS Y AR
W Z (Mean + SD)E /R, n R FEARE

2 # R

2.1 &AL
2k e BB ) FE 8 B0 H b 147 800 £ 60 200

(n=10), FEERHH F225 + 90 (n=10), P/OK694 +
245 (n=10), HEBFRLEMN ZE T HEF.

g REIFIE R, SR R O B I
MR, Ak TIRAM T 7. & iBTEkK
e, AT EARES, BRRESTEBEF
SERFRIKL 6 d. TeJF IR TEA Bl 5 B K,
K2 G TE & T 1£25(0.44 £ 0.25) cm (n=43) I 4L
BIKIF ALK G, AMERAERE, —BH#F
SREEAAEMAE., XEERKN: & RER
M e S BRIV I e L 0 JE R A, (ELEEAE S BT
Asgd. RS BICRET, &mtmiE %y
BURBEME BT B TR S LA L B ARORE T K, W
AT RETHAEEM RSP EREE
T ERRENEE R IREGED.

Rl SHEREARS. BEERMNARBFGTHEEEH. BERAREREHESRERE)

Table 1 The male, female phase and total longevity of Gentiana lawrencei var. farreri under natural, insects-isolated and
artificially pollinated conditions (mean+SD)

HEHE R Male phase B Female phase
H#RZ Natural pollination 2.2 £ 0.9 (n=20)* 8.3 + 3.2 (n=20)*
FRES B W Isolation insects 3.9+ 1.5 (n=10)° 11.4 £3.0 (n=10)"
¥ FE ) Supplemental pollination - 3.7 £0.5 (n=10)° -
& — 51 o £ 38 f5 A R - 7 R o 2= R 1A 5 § F /K F(p<0.05) Values within the same column with different letters are significantly dif-

B IEH Total longevity
10.5 £ 3.4 (n=20)"
15.3 £ 2.7 (n=10)"

A H Treatments

ferent at p<0.05

8o a
a
a a
T 60}
=
S
M g b
% E
£ 50
=1
k3
g 20}
O L] 1 L 1 1
1 2 3 4 5 6

R¥ Day (d)

Bl & eRRYE A R R B AL 0 B K 2
CFHE AR AR 22)
Fig. 1 Pollen germination rate of Gentiana lawrencei var.
farreri at different days (mean+SD)
AR FRERREOIKTE LHEREHEZEZR DIf

ferent letters indicate significant difference at p=0.01

M R AETE9:001 P~ AL FE B 4 (11.01 £ 6.9)
uL (n=20), 13:00BF=EJEE & M (7.01 £ 6.2) uL
(n=20), Wi & Z 0 A1 8 FEER (=2.508,
p=0.46), BB ILE R H9.05 ul,

2.2 TeMIEARN

e RIRIE R B R B AETL KT S5 4 dED AR
BEC45%) (Bl1), 4 dNEHEREEMER,; %5d
FEE6 dryetih k32 81 B PR 1%(<30%) (B1), 3
A R BAERIE S KAl LU R4 d; ERE S
HARMEES dFFARIE, HER%6 AT &
5 & R
2.3 Ak AT AT

ER - JE A B B 3T S5 AR X 2R T R R AR
(B12), B L1 BB M EF R dEA
HEBENESR, AEFE—ITHEREKTE,
212 dMEHEBZEMTAT1 4, HHEH R
RELA AT SR AT 2 RE 0 T LARRSE11 d (E2); £kt JkfE
ARG EEHBIEES d (0.52), RALFFR
BE IS d(0.81), HSCIHEH H0.64.
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aBx
Self-pollination

52 3
Seed-sets

1234567 89101112
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Cross-pollination
a a a
a
a
iR o
ik }
a
b
1 Fl ] 1 {ﬂ

1234567 89101112

0.5

BEXBERK

Days of stigma lasting (d)

B2 S Ju BB AR SRTE AN R (5 58 R B0 BIAE E AR A 306 BL R (0 G54T 2 CE S H AR AR 22)
Fig. 2 Seed-set of Gentiana lawrencei var. farreri obtained after self- and cross-pollination at different days of the
stigma lasting (mean+SD)
F— A AR R F B RRLE0O0IKFE LF BEER Different letters in the same treatment indicate significant

difference at p=0.01

R2 LM AEABTE20065EF12008FE E B RGP 4B A R(EHELFAERES)

Table 2 Seed sets of four different breeding treatments of Gentiana lawrencei var. ferreri in 2006 and 2008 (mean+SD)

A FA4} Year BENS
Treatments Sig.
2006 2008

BARE . a

A7+ 0. =/ =0, . . =] =0. .
Natural pollination 0.17 + 0.19 (n=20, fr=0.70) 0.10 = 0.10 (n=24, fr=0.63) 0.19
ZHEE BRER b b

10+ 0. = =0. . . = =0. .
Natural pollination after emasculation 0-10 £ 0.22 (n=20, /r=0.43) 0.05 £ 0.05 (n=25, r=0.36) 0.91
BERATE b b

.04 £ 0. = =0. . . = =0. .
Bagging without emasculation 0.04 + 0.08 (n=20, /r=0.43) 0.06 = 0.15 (n=27, fr=0.13) 0.44
EHEELE

Bagging after emasculation

0 (n=20, fr=0)°

0 (n=30, fr=0)° -

[A)—3 b 3 5 A [6) S B R 0 2 7 X ) B 3 /K F(p<0.01) Values within the same column with different letters are significantly dif-

ferent at p<0.01  fi: AR Z Fruit-set ratio

24 EEFRGERW
AERBRARETET RN EF EEE
K, ERILMRERm, MEEEARBMEH
R RREER KGR, BEERALHELTE
HWEAFMT, ERHALRRBIE, WHEH RE
o BBERXRS; ZBESLIENLSHEIL
FHE, RHEH RBEAFELTRMEEHEILE
(R2), EMLBHEHFELEFRZ HEREEFN
EZR(FK2).
25 fEHRHME
BiT20065E17 d 91.5 hXf208 T VifE B &
MBAEFABPESHTFRARPBEERN, S5

WHE, XMER T AHHETHERRPNE),
K DL %] Ly (Thripidae spp.)H14% 4 (Formica spp.)&&
BERLKGAHBRR. Bz 4, £RIMT Hik
(Apis spp.)~ FoAT KR REME(Bombus kashmirensis)
FJ5 B BE 8 (B. sushikini) 3Ppi5 16 B .

/INEY B R T RIS A % 7R Ak R R AR IR
WiTiEs), AR HRZ (— RN E SBN3~5H,
4y 2~3 R), 1B — =4 P & 5 F0 0 3 — R A [ i
B, FEULEIR, BREREMVERSN
I TER .

HEEVT LN S REHEERE L, LBEAE
W, FIO SR80 . 08 5 i T U5 7] B B
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B e, FEMB BB IRE VL, K, ojH
P B ITE29IK . T3 4h, B TE VT ) MEVERY BLIY
R GERI2K), HR RIS K5 LB b,
DR $H R A1TT 8 ) 8 0 U 0 1) A T R AR b B T LA
ey

FLAT K IR BE 8 2 2R R AR LA R AL Y TR B
B, HGEATAT IR E: —MHEREERR,
—MREAEELFRE. FLAKREEERNEE
RO F, REEBIEEIMIEE, HLET
MABFREE AL, REIEHMELR
BE, ANFELE DS —T, B ms —41k.
B R AT KR FE 8 1 % i S #E b 3k 8 f&
2y, WIS Z AT MR, WA KR
HE & IF O BUCR AR B I SRS BEIE N, Bl T
BEREAN AR REREHFKRK, miK/RE
B 78 W AE PR LRI 2LV 3, SRR
BB TR ER, EXAN TR A KR
REMEI IR B S A LB H B S5 . KA10 s
Ja AR R BRI IS BN 1L, AR5 1818 AL P e
W, BRI KT A KR fE e 5 et
BENEM. TARREENEANTCH &SR
ol DB B = 0, HATEEsta 4, RiE e
KR RE 8 6B G — AN S AE Bk Ui R AR R
gkefihie, W CHRESEEEWEEE. &
20 LB FFIE L R MM b, SR BT A KR
RE W I H B T B 10K, o e o 0 o 4 A % 4
WSk, FHIEHE $0.006 time-flower “h',
FA KR EEHEM 10X T IEE MR dHI4R,
B2 AHBLIIR, B3 dHBII2IK, F4 dHHR2K, B
5 dH IR (E3).

I BG RE W 1K) U TR AT R R S AT R R BE B 1A 1E
e EAREAM, R2HREEG AT X
IREEMETE K, AT HBEMAER N WESIth E &
8. 205 E BN AR, LRI A KRR
VORI T, SRV M MEYETE, 4k V5 ) MEPELE, 1
¥ 5% 40.005 time-flower h™'. J5 EG BB BB [
YR F AR AT d, 2IRIBBLAE 2 d,
2R MIRAERE3 d, RIS d (E3).

2007 R 2 KR R BRI T 46, 6 Atk
REETER TIL(EFMERET N, TR, &
HRIMERIAE; 20084F L R B2 R 7 A2k /R g
BIEF T, BERADKEEMEEGE., B
Hh, 24 [B) A BN 4 L G 7 2 ot B B AE Y TR

B, X TEATKOR BE AR K AT O RS .

T KR BB T K H(1.22 + 0.38) cm (n=19),
I ECREIE S K 4 (1.30 £ 0.39) cm (n=20), &M
REIE % BB KB (3.05 = 0.49) cm (n=25). £
HHEHAEEEKEEFEKT2MHMUHEERREK
(F=214.8, df = 2, p<0.000 1).

O RA KRR

B. kashmirensis

LI ¥:9 ]
B. sushikini

| 1Y

1
9.13 9.14 9. 15 9.16 9.17-10. 1
H #§ Date

[N (%}
T T

W RN
Visiting times

—
—

<

B3 20065 52 (K AR B8 88 A 55 I B e X 2k - R AR 4
& H T ) k3
Fig. 3 Visiting times of Bombus sushikini and B. kash-
mirensis on Gentiana lawrencei var. farreri at different
days in 2006

3 W i
3.1 EHERZ

LM A HARE TS RBIC, AR
SORS RIS R A, WHHLH RBEFE™E
RAER PR . 2RntJEfE R SCIHREI N 0.64, JB T
4+ B A8 35 M) # (Partly self-compatible species)
(Becerra & Lloyd, 1992); & v I8 ) 48 B i i
FA AT YRR AR . BRANEN., M
HE S BRI MEIE S AR R R R AT . AR ATE B CH)
FEEHHI(Lloyd & Webb, 1986; Webb & Lloyd,
1986, Bhardwaj & Eckert, 2001; Ishii & Sakai,
2002; Anderson et al., 2003), (ER B LY M ER
AEMEBEARZERERAT, oA ALE
B KB B 2 B A BE IS4 (Herlihy & Eckert,
2005), fERAM HXMERERTEE SHGHE
e fE AR I A 4L (Plitmann & Levin, 1990; Good-
willie & Stiller, 2001), HFHEE RLIKHE BZR
R G IR (Lloyd, 1965) {EHEREMETNGEEEL
(6] i) S (I e i 7 #) (Bertin & Newman,
1993) LA Be 7 #f 4 BE 78 22 A ) 45 /I (Goodwillie &
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Stiller, 2001)5 . £k M- JE B4 1 38 56 AR BB A
SE& RN B 1 A 3 B3 (Autonomous selfing)#
BT RTR &A%, EMEERA IR T RN A
HEXRE. R, L BENELERLKIT
FEAMIENERS), T BEMELRSE L, 50
A Sk 18] A0 85 BB 45.(0.44 mm), KB REEAN
EBN ] Re s 5 & th Bh B & (Facilitated selfing). A
HRPEN HEESA LA E WIS T
%, HHTERHEEAGR A3 B, Fikthd A
TR I REZA LA ELE LW FERRF . &
MRS, B SRS RERRE, mE
AR AL TR GV I B B D AR UK S MRS B L. AT,
ENEMEARERLARBRITH, MEST
HBARBUN, AL 8 STkt LB/, XD
IR ERAN ML T &rt RIER SRR
RAIME(EK2). LM RIHIIP/OK694 + 245, IX
L5 3 7 A8 I Y A A L (Dafni, 1992), Xt 3 B3
gt RHFN EEF RSB RZNRARLAL AL .
B Y AW EE I RRIE I (Gentiana straminea)F
BEIWEF(G siphonantha)E BRI HEYEER H
A ET RS I RSTS84,
2003; Duan et al., 2005; & E%, 2008), HEH
THETRET IBRLZMREIEI(EZAE
A HERE S B MERE B A R IR 2R, B
LR FIBRETE B AL .
32 fERENR

Az RE R HE W0 3N A 2 St R AR 4 (Bombus
spp. )R LY, IXAEVF 2 HOE 15 B R IE(Spira &
Pollak, 1986; Bt XAIX|E 4, 2003; I F-Fi
#4, 2003; Duan et al., 2005, 2007; & E%F,
2008), BATHIF ARG RWUELE TIX MM A HE
FE B X 2% B (1) U ) R JF E AR, IR T
WA A B T2 3(0.026 time-flower ' -min ")l &
BE4E35(0.005 time-flower '-min™") ) U7 48 451 & (4
W Foxig 4, 2003; Duan et al., 2005; fZE)IE
% 2008). WAL HX 108 BB mEE RS CHE
JEss A Z R B, BARK SR T AR R i
WEMERENEEREZ —. 74, RELH
R B K R #(9.02 pL), ERHEEHE
B EERT 7 KK e 5 KRB & K,
P R el I IE O AU AT A AN BEB B R B R
B, R IX B4 84T R 6 ¥ K HH A% 2 7 7E (Grant
& Temeles, 1992; Hodges, 1995), XA §E & 1&

R P REWE U B R AR 4 — N EERE.
KILERIAFHT BRI EBEEPEFLNR
W(E3), 71 B2 805 R R7EV R — & EHAE
ila) 38 o dk, DNSLHEx R e — M7
i (Fritz, 1990; Smithson & Macnair, 1997; Inter-
nicola et al., 2006).
3.3 TeREEHIRIH KBRS
NTREERENARERZREOED T
T, RS IR L T B RE ) Y B 8
# 5) F1#% 52 (Schoen & Ashman, 1995; Bingham &
Orthner, 1998). 7 — 75, {8 ) JL M
LR I LR L% B 76 K 82 5 4] (Ashmen
& Schoen, 1994), R4 i FE 3 I 8] DA B Ak Sk 19
R RE 7 S N T BT AL Y SR AR IR B DA R A%
MEN S ERIEAGE . FRERBXEBREH,
SEHEES, WHREE FEYABEEZ W
SRR B AUk D RO VR B AR I B BRI, XFE
BT BT S E A 2. & R
BTHmHEY, LEIERMERIK, BB
RRETHAEFEHN10.5 d, ZEMRE TR
153 d (K1), MR REEST RATHR11d (B
2), XML Mg LT REN S TEMER
HoAto fz IR B4 Y (Petanidou ez al., 2001; Molau et
al., 2005; Duan e al., 2005, 2007; f&&)iF &,
2008). KM AR P LTI EK T K
M ARESK Y IR [R), T3 T BRI
R, BN T e B3 DR RSk TR %
JLER, XX Bl ¥ U7 18 3R AR B — PRk £ P )
(Primack, 1985). &3 i iR+ & = L e 7E S
YIRS AR B R  —f “PasENL” H
PE B TE WS, (B IX R 3R B TG SR 2 Xt R L AR ER
BHABGEN. 75, W#EMolau (1993)K)# e,
AL I YR oy T 32 B 78% W8 (Pollen risk)
T, B e A Y e a ) T2 3
Tl F W38 (Seed risk) i 181 7] T4 45 - A SCHIRF A2
R EMolau i — ANl 4h. BRBTHTFHE
WRWFAE, L REHEREHSZ R — & R
MASTLHIEK . FI#E, AshmenfISchoen (1994)
¥ H A8 5 iy 1 B AR T[] ZE A ST AL % B R A
Fi o M JBREAE AN BB T TR fr R R/D
FERRE TSRS, HERE—MERBEFH
A% (He et al., 2006). XF{EAEH S
ik T HE W16 10 4 7 A0 (7 TP 55, 2005;
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Roberts et al., 2007), HiFE N & X IE MHe%(2006)
BT ¥8 A6 35 d 1) o] B PR AR AL AT T YA 5 1)
EEEMEMERTLY RN 500 E AL
WMESIEAEW DGR S, NMEEET
LIS, T ERE T RE LR A,
TR KA L3R T 8o IR AE X = L S R FR 35 1
& AR, IXR B e B B R IE R AL
(Jones & Cruzan, 1999; Roberts et al., 2007), X 5§
TE R AL AT R e o B A e R X e AR
ERFRUAAFEMELER - NEERRA, HEEEZ
B AHEEE X REEBEAT TR

4 B £

K ILMIBF LS RF I M JEE BA FH Al
HAEREYAUKE ST R, RERAHM
MEFARS, HEHLHEXRINRZTREIRK, B
MG ST RYR /D, H DI AN R B R T R
HR LM RIERI U B) A7Z; BREESRAE M B R Ty
AR BAR, ATRER HBMKEURBHEK
HIEEEEKERAALEC K R R gt
JENEFEFF LK, T B A LR R B,
mT BRI EMRERZRIE, RN, £HES
RITEHGBLE T4 T B KAE, EN T
o L1 4R AR TR B R 1 A I ER R
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