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Abstract 1In this paper, we compared pollination characteristics of Aconitum gymnandrum at
two sites respectively with elevations of 2460 and 3200 m in the northeast Qinghai-Tibetan
Plateau. This species is an alpine biennial with unique systematic position and floral
morphology in the tribe Delphinieae, Ranunculaceae. We found that the floral longevity and
male and female phase durations in the high altitude population were significantly longer than
those in the low altitude population. Seeds cannot be set through apomixis in this species.
Aconitum gymnandrum is highly self-compatible, but autonomous self-pollination within the
individual flower is ruled out through a combination of protandry and herkogamy during
floral development, suggesting that pollen vectors were indispensable for successful seed sets
of A. gymnandrum. Bumblebees are main pollinators of A. gymnandrum in both populations.
Within each raceme, pollinators visited flowers at the bottom first, and then spirally moved
upwards; however, 3.9% and 2.7% of the visits were downward respectively in the low
altitude population and the high altitude population. In addition, 37.7% and 29.3% of the
movements occurred between different racemes within the same plant; therefore
geitonogamous self-pollination could not be completely avoided. The higher seed sets of
artificially pollinated flowers than the intact flowers suggested the existence of pollination
limitation in both populations. Visiting frequency of bumblebees at the low altitude was
higher than that at the high altitude, but seed sets of the intact flowers in both populations did
not differ remarkably, probably due to that the longer duration of the stigmatic receptivity in
the high altitude population compensates the decrease of seed sets because of the low visiting
frequency of pollinators at this site.

Key words Aconitum gymnandrum, dichogamy, herkogamy, breeding system, pollination,
bumblebee.
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TR o ARIGE R 88 5 Sk I By IR, WS BES AP A ARy IR RRIGIC B AR X, 2R —
AR LT R BL e R ) 0 3, (R B e AL A AT 3.9% 12, 7% (M Ui A2 1B i) R AT
(K)o GETh A BAT37.7%129.3% KI5 A7 S AEAE TR —RERR A DAL, [RDBR S A A By e S 1) 19 A2 7 o 465
B SR AT IRANRERE G o RIS A (1) ARG P SR AN U AL A 180 vt T it SRS A, (L B ARIRAS A i
MG IFRA RE 2T o IR R 85 5 Sk Ja B ] BE AT O IOAE SR Fr R I |), ATz 1 i Ui e
PRARARAT R 45 SR BEAR

o LR ) B ARIAES S, i A IR AR R ) A K A, AN A A1
A7 (Molau, 1993). X T4 B HUE R AR AP, AR FIRBERR$ T Ak B iRk
R WEE#E (Kearns & Inouye, 1994; Bingham & Orthner, 1998), [ 7] fig £xik— 5 [
ICEANTRIRN a5 5% . (HOA IR, BA e S F1 R YA &
Wbl A7 AT, AT I S A R 8 AR SRR R S IR A Ry B UK =, DT R B S )
FEZE(Arroyo et al., 1982, 1985; Kérner, 1999).

#% & % 3k Aconitum gymnandrum Maxim. /& & K £} Ranunculaceae 3% 4£ ji& tribe
Delphinieae % 3k J& Aconitum L. 5% &5 % 3k W J& subgen. Gymnaconitum (Stapf) Rapaics/MHE—
Yidh, A A e B — S R AR X ZR AT R X, = 0 A Y0 ] A 7 R e i o PR
FOMURR (R TE AR AR —4F AR A0 S Re i, BR85S Sl AR T 5 Sk B T A K P ) B v
BrBe(% T, 1988; Luo et al., 2005). FATIAE g4k (1N TR BT B R W A2 —4F 4
Y. T EFREHEPNEE ), XN Im S5 SE s . SR %
S HE m JFUR A b 1 0w LR, RIS RO AR SR ) AR B N RE . A
TEAFFAE A 5 A AR A A R CGR 4, FRAEF, 2000), #5885 LI HESEA iR
MAEE 7 Tk A AR T A At 1 R B i A58 A2 A S R R 2 A 2 A SO
S5 SR AE AN [l D R R BE AT T AR A0 WU AP ) T B 1%
VA SR R B AR BEE N RE T, AR AT AR R 2 AR A R 0 Y e SEAR s A L DR
FSCL) FR) 3 A ) e 2%

1.1

FR S SO BERR A AR H LR, MK 2080 cm, BEAETH EAIIFUGEEA
e BARTET . RS, BERL, MYE, M2, AR REEE, T2, AEUE, 1
IR AEHE2, BN, AR T EE A, K0.6-1.2 om, fE— RN N — &R
BEONIMEE ., MES R, AR D614 FEMATLENEHR2000 mLL ER X, —
FRCASE L B g DL TR R B b B L 3, Rk R 2 RO
i
1.2

20054F7-9 H X} 43 A AE 75 548 1B B AL (i Mk (HZ 5 B )(AE 436°51-36°55", R4
102°28'-102°29', #452460 m)FIT A8 | 1Y H- v [E R} 2% e A s F€ 5 A 2 R G0E AL it
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Y (HBJE ) (L £637°29'-37°45", Z4:101°12'-101°23", #§1%3200 m)iE4T T B AP ELAN
A .
1.3

BENLIEHUA T-AS R AR E R 1ISANEP AR Ie, WERC SR ALTP I AR ok dkk 4 %
W5y Beas R () 22, FATEFEREAN AL BAL T [ 347 4838 BEATFRid, £ERK10:001
17:001E kAL PR, IS TEMERESSAL B AR S ARSI . T (38) R4 (the male
phase duration) 1Y (E5)Fr22 ] (the female phase duration). HAEALRFEEHI RN AR IC 46
B WK I I 53 22 A I R VR AT Sk Z2 B RIS [R) 5 e 45 25 S0 R4 24 T A vk I 22 T A6 24
HOR 45 SRR INFIR); HEVE 3 B2 AT S sk I AT Sk 225 0 1k TR SE vh PY s kB AR P 220 4
P H .
14

MERE S A 51T 8006 5 W U T I 6 B 05 70 e 72 5+ {0 3% (Brunet, 1996), PRIk Ay it
GBI 3 B 51 B ) &5 S8R 72 e, AR BRI AT M B HLIE B T AN [RIE e v TR A7 IR A,
G5 oM R AR R (1) N T RR A 52 K0 (artificial xenogamy), (2) A\ T [FFE 546428
(artificial geitonogamy), (3) N LMEE L (bagged without emasculation), (4) X HEE L (bagged
after emasculation ), (5) 2 5 H #A$#7 (natural pollination after emasculation). T4 ) 251k
PRAVEIEAC I AR HOR AT, ACBH3AEAL AT I EAT, N T30 I I [a) A3 1l 36 A BE A AT Sk
IR TFI R T 0 o BEFPACEEANDT-3025 48 3 FMBEATLIE BEARMUTATT AL BRI AE A A X B
— A JE RGP AR RTINS RS, 3 e e AR N R S FARBTT, NG
P15
15

FEKy B AT A S AE R B0 A Hu B e I 10 3% o SR Arroy oS5 (1985) 1) i 1k —
EREAL T AN FAE T BT A ARE X G, il kT kU B A O BORAT Oy (A2 2
WK 1% B ARG a8 It A5 e fil AL 2 mliA T 3k) o 25 18 21 NP3 3 BB R T g 1)
P, REMEICSRTES mAbUEE, HAh R HRAET maM SRR m A > T-20 h), Vifesins
e 8 e min RoR . PAMEREA R IR M 30k B, 0 Sk HAETE R BV i I
DL AERERR BB V5 AT R . ISR 4EE a4 - 20 V5 e B %
1.6

HISPSS11.0 for Windows 41l # {4+ one-way ANOVAF1Post hoc-LSD(SPSS Inc.,
2002) 70 M8 E R G ab PR 8 R0 B A () 2 S 28 72 e, ST ARE AR 562 25 A AN [R] J
[F) U5 A AT 26 1) 2 e FAERE S I 22

2
2.1

B O SLHZ B BT A WITF G AAE I, TTTHBJERES AW TFAE « 44 2 th 43 (048 il i 48 (1
JaikIF(EL: A, B), HESSERH— R 2 A O (K 1: C), 1625 HUR 45 W G {6 22 [n) AhES



4 GRPEUESE: e 88 5 k(B WRH A RIS B A 0 365

1 JRE SRR RGN & . A, B. TEWIKTT. C. MEHENITFG. D. MEREGR. E,F. MEPENIIFL. G.
fERy RS R . H. A KRB I, 1. JRIRRRIEVI{E.
Fig. 1. Floral syndrome and pollinators of Aconitum gymnandrum. A, B, Opening flower at the earliest stage. C, The
start of the male phase duration. D, The termination of the male phase duration. E, F, The start of the female phase
duration. G, The termination of pollination process. H, Bombus kashmirensis visiting a flower for nectar. |, B. sushikini

visiting a flower for nectar.
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(1 D), FEAE AL A A Sk sk I RAR

= 12 ¢
(KI1: E, F)o M G L ZE S (K1 G), i’gg ol b OHz OB
FAEMME T, R ke R 2T
3 (dichogamy) Al i 57 (herkogamy) g £ 3 [
. BRI BT L, BTEFREN S 6
HOZER SR TP, HefbAE R BT B =R 4 |
PRORA N HBJE B g 6555 Sk A E R 4 I TR (t %f ,
=9.929, df =29, P < 0.01). M1k WIHREE egE
= O L

[H](t=7.695, df =29, P < 0.01). MM 3 #F 48
(= 5.272, df = 29, P < 0.0 )} & & &

FHZJEBE(ER) . HZABRMEOT s 2 Sk T B(HZ) R IEHB) AL FF 4]
. _ v\ 1\ 239 7S AR TEVE S ST AE P EFy
HU6.87 + 0.53(n = 32), HBIERENST2 &y e e di0. 0 KT A7 25 P2
0.53(n=132), Fig. 2. Floral longevity and male and female phase
29 duration of Aconitum gymnandrum in Huzhu and
) Haibei populations with different altitudes. 1, the

HZE RN E T 2445 R SHBIEHEAH  total floral longevity; 2, the male .phas.e duration; 3,
A, IS 55 e YT o el phasdurson, Bars it it
REERCRD . EMEREBEICBA
ERNF, U R S S S AR T RS AR B (apomixis) IS . N LSRR AL M AN T [R)AE
AR HS A AR Rl 1, 10 H PR AL BRI 45 SR B 2 (R D), RIER S S
AR A JERE B RRAS TG SR Y LI e A BRI BIRA W35 72 7, HE/N T
N LRSSy A B 25 9 R (R 1), Ul W 25 HEAL B Rh 51K 7 A= BeAT 58 i, i H A
IR IR, (RN B AN 5 R B L B S A e AR Ui e T oh, A EMEEARAL
B A TSR (R D,
2.3

HF AL S I et ot 515 SR ARy BE X o RBMET AR IS 11 g A 28 4 I T8 ) 2

1 Fa B85 SR AN LA e AN ) Ak P 2 51
Tablel Seed sets of the two populations of Aconitum gymnandrum with different elevations under different
treatments

AbprD ‘H Huzhu 71t Haibei
Treatments” — £ESORCEI bR PEAE LS CP bR E ) FEA R G
Seed set (mean + SE) No. of sample Seed set (mean + SE) No. of sample Significance
A 0.927+0.017 a 21 0.916+0.016 a 28 0.834
B 0.938+0.013 a 20 0.89140.026 a 26 0.361
C 0.124+0.044 b 19 0.117+0.037 b 28 0.887
D 0b 22 0b 30 1.000
E 0.716+0.038 ¢ 39 0.732+0.031 ¢ 50 0.664
F 0.726+0.032 ¢ 40 0.759+0.026 ¢ 52 0.356

1) A. B. C. D. ENF MRS N TR b sty . N LRMRIEREy . AEMELS . KIS, KR BREMM B R
Bk o ARVNERERIRE0.0UKE ERA B2 R

1) A, B, C, D, E and F denote artificial xenogamy, artificial geitonogamy, bagged without emasculation, bagged after emasculation,
natural pollination after emasculation and natural pollination, respectively. Values with different letters indicate that the difference
is significant at the 0.01 level.
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PRI E AR, TEIXAN I AR A8 G (14 89 3508 R 50 5 0K 1 A6 2 BRTK T A Sk B fioh 56 Je A6y
[ BTN o AEHZ R BEAA 3 MR U AL, 73 alJE wi A oK /K B 1% Bombus kashmirensis
Friese. 15AEI4B. potanini Morawitz 1% f& 1§B. consobrinus Dahlbom, TTHB /)& 25 fE
Wi AE, I T0H K IR BRI 95 [ BB 14 B. sushikini Skorikov(&l1: H, I). R feIEAN, Fodi T8
SRBIMGINGE | A U A, AR B AR B B e AT R, AR A5 R, DAt
FATIA Ay ) R 5 i AN 2 S Sk B AR Ry B . AR MR AR HZ E R 0 5 U5 AR 2R
(0.073+0.003 7% * 4£ » min™" )Iz G w178 15 AL S B 19 5 46 4% (0.03620.002 1% » 7&
e min )(t=11.116, df=149, P<0.01, [E3). HZJERER 0K IR REME DT LA o 1% e i
I REME I VT AR (F=361.549, df=2, P<0.01), {H3%REIGHICREIG K Vi EAR AT
Z51(P=0.063, Kl4). TMAEHBJEHRE, SoAt K K ARG U7 A6 5T 75 [ AR UG (1K) U7 10 %
(t=13.47, df=138, P<0.01, Kl4).

TEHZ S #0303k BRI VT ARAT A LS R BI, 07 inl )7 7RRRE AR, BRI HH R ) b
] (A6 1796.1%, 1M H _E 18] T U 53.9%.  AEB VT AP, 4537.7% 2 K AE LA
PRI, 62.3%fEHakkIAl. fEHBJERE, #305kAE0EV) 0 FEARILOORK, T Ial BUF IRl R4E)F
L9 2497.3%, 1) Y 172.7%, HH129.3% kK AEAERERR N, 1T170.7% K& AE A FE AR
(0] o v AR R AR P D7 AE LR A8 i TR S R (P < 0.01) .

3

P S L SR IR i, IF A KR AR, RAWS] R BRI e 2
HIEEO . LSRAEAR R D T (R A A 2 50N 8 N TR) 2 2 ER B U U IR SR LE,
R B>, AL B RSN T RE K, R 05 A — A h R AR I ) I RS
(Mallick, 2001)o J 4R o E OB F S S TR 3R i, (HFRATRAE /T — e b &

0.08 r a 0.071
_ T = u O Rombus kashoirensis
D %i T :_"—: 0.06 - - 8 4. consobrinus
'é' %E 0.06 "?" %E 0.05 F B potanini
= 37' - 22 B A sushikini
R E 9 Ey oo
X w5 0.04 | . 3 c
Ko T ¥ 0.03F
%3 xZ5
AL 002 | Kagoor
s O py b .
RO "7 - 0.01 %
0 0 1 ]
HZ HB HZ HB
3 EeE Sk T B (HZ) AL (HB) i 1Y U 46 4 FaE I AF VI B A B B (HZ) AN b (HB) I U
B RFFRERIRTE0.01 K B % . I ANFEFRERORAE0.0 UK B B 2 5.
Fig. 3. The total visiting frequencies of visitors in Fig. 4. The visiting frequencies of each visitor in the Huzhu
the Huzhu population and the Haibei population in population and the Haibei population in Aconitum
Aconitum gymnandrum.  Bars with different letters gymnandrum. Bars with different letters show a distinct

show a distinct significance at the 0.01 level. significance at the 0.01 level.
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DUMEREPE S IR DL oAb, AR O &5 fe 22 m DY RS i 5, MESEA fe Bl
Ky BRI, 2R B4 T TS 2 T A PR PRI S 7 o O e S SR ORI O e S 7 A SR T A
Yyrh 2 #E4E (Bosch & Waser, 1999, 2001; Bosch et al., 1997, 1998), i /4R HLHI ) 3 7] 77
TERON R A R RE T A I S e AL by e G 1 PP 58 (Lloyd & Webb, 1986; Webb &
Lloyd, 1986; Barrett, 2002; Bt7t 3, XJ%4, 2003; Duan et al., 2005; He et al., 2006). % &5
15y ) r S Al S R 1 e 57 AH 45 UL 58 Al e T [F]— 24BN ) F e ARk, ARk
g BRI R A L AR A B (A e 38 7 Ak T /DRl 1o (BAE AR T, &)
FIACLT O e 5 AR x50, FESkA TR, TER R S A7 70 I [R] R 5 [R) () R ) . 248 )
PRI IR AT BE N TR 5 8 o T B HORIXURN 1 B AR T3, i B AR ARAR T (R4 ek
A5 R IR 2R T 465 55

Fr S Sk A g iR 2k, ARG O AEEIR, B, B iife s, M= 5l
NE ) EIREK, HESSRLC RS ER; AT AR IR e A . (BRI SR
W, 55 3R28 i oA FR AL 8) 75 20 (Waser & Price, 1990; Bosch et al., 1997, 1998; Bosch &
Waser, 200 1)FHALL, BEIEATIOR & MR 1) T L4 H 5 - %) A, japonicum var. montanum Nakai
PIRF TR I, 2288 T 2 A ALK AT A RN, H 2 2 R 2000 2 2 i A AT A
AT B Y (Fukuda et al., 2001); BF— DR W 5 85 Sk AN T =250 5 I IR oK N AZ AN
RRIGEAE N A R Ak B L RS i B e 22 M KPR AR A 2 B B 1 T T
[%{%(Arroyo et al., 1985; Kearns & Inouye, 1994; Bingham & Orthner, 1998), &= f£¥} B H
A2 BRI LA ) P A 11— A B[R] 25 (Stenstrom & Molau, 1992). 24 5o HRIX — PR il X
%, = IREE PR O Z AR . T R B (vegetative  growth) PE AR JE AR
(Oostermeijer et al., 2002), [fj—F A= sl P 4= A= Fi A e A0 A B 4646k (Spira & Pollak,
1986; Escaravage et al., 2001). {H#g 885 S PUAEAEREY), ShZ 8 IR ETHINRE S, 1 HIT
e FER AR KA BIe Ry . =ik HB R REE A SN A TR S TR ik
HZ Jaff; B5 HAd s X AH LG, AR AR AN Ja A 0 U7 46 A0 258 B RO 88 v (P 96 22 55 30
111, 0.0029 X «4£~" *min”', Arroyo et al., 1985; k3111, 0.0017 ¥ +4£ " *min ', Bingham
& Orthner, 1998). #5155 7F HB Ja BEAEIEIIVITEM2(0.036 + 0.002 X + #£" « min )it
T TAEHEAL 0 AT [F) 3 T 46 i bR ¥ L (Gentiana. straminea Maxim., &5 4E4H% 4 0.005
o A e miny RS, X4, 2004). (HIRATHGREG 5 BR B, 7RISR R T4 B
K5, Fedt S kMg SR BERREER 1), Kk, R AR UIAE MR ARG 5, HAE
Ky BT AR A2 5 i 86 5 Sk S S ) — AN ZL R 3R

O B R B, REMEAE U7 o) Sk Jm AP iy, L5 i) T 2 1R 1a) B AR IR U5 19
(Hegi, 1974). AR FT 45 SR B AR WA % 8 5 Sk AR v (0 U7 ) U A, 3= B2 b R )
b EREE S SO BURAES?, HESSSE, DRI AE ) 1) #5855 S AL P IR AT h vh i) e 25 i o
] R S AE AR R ) AL - UtellifIRoy(2000)48 1 T REIEXT AL lycoctonum L. (Vi 4647 4 I
RIR, FERATET 120 % (157 ) WU A2 B b, 1 Had A 20 % 18177 in) A& 7E [R] — FELR 1)
AN [FRIAE IV BEAT 1R, DRI L [Tk e AE AR i e ) FL A AE i A R e il . BR85S
SKEEVESE R, BACHoE R, REIEAE FE S8 9 k10— /NME Bl bm R Vs ] AR A
3.9%(HZ) F12.7%HB); {H &, [F—Hkk A 1A [ L6 7 U5 ) 5025 4 37.7%(HZ) #129.3%
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(HB); fREAR, 1XLe)i e 77 A ] 8k o b T 850 R AR etk A A i &R, O B sk A
ACHAR T 3k g A AT R IE M B (W Bosch et al., 1997, 1998; Bosch & Waser,
2001).

FACAL R EH RGN B A7 AE T =n LAY T (Arroyo et al.,, 1985); B4/ 1 1
Ik S KA Sk P R 2 0] 52 15F (8] DA SR AR ey Ll A8 R AR K B ) B = (Bingham &  Orthner,
1998). BATTHI LB TR IN, X —ILG 0T Be W ATAE T 7 s J5L 20 A 10 s L LA ) 88 3k
H, BRUNTE BRSNS m B Ae R 22 0 B TR R R R (K12) . (H2, et
o S HRHE M A Sk FR S 00 T BESZ AR B B A SK B2 0 IR 521 (Arroyo et al., 1985). fiiff
P EBEAE Ry B AR D, Ui AR AR IR R AR, SEAER AN e i i i, Ak
ANBE LI B2 AN o DRI TRAT 13X B8 21 (1) AR R S8 i vl g H 10X — D R J
W T IRATEA AT ES IS I A KRS LU, WAS S I P 22 0 Bl TR R 3
5 D PRI 2 R TR AR 3 I P 2 S it B ) o AR T BB IR R W 2 SR R 3
BT AR RS (R PR ) B o 2 P N AN [ 4 S B AN 5 AT Sk 0 Y e 8 A
Ip R b (R 22 50, T REGAE i S HB S B (W) U A SR AR T EHZ SR B U A6 30%, HBJE
TE 8 58 5 S IR AR N PR IR 8 Y 0% LU HZ J B B O P2 o, B vy il B e BRI AR &5 SR W 1%
I TARIER SRR (BT R HARIRES AN R B 25 98 R AT B = R (3R D).
DRt iR i 6 S SR R R B I T R A M T H T B2 A% K A0 265 My >R 1) 4 5 S
1.

5 S5 SR T gk DA R HIOR) B 288 BRRE Sk b 8 0 I8 N XU AR B 1) 4F 55 (Whitehead,
1969), 1 MUIREAE iy [T A2 ORAIE AEL ) 70 AR i PR BT 1 2l 5 1) — b i 22 7 3K (Goodwillie,
1999). 1M1 H., Vr 2 HE 4 fe R i) i ik H g XU ALy 77 2 45 55 (Stelleman, 1984; Gomez
& Zamora, 1996; Goodwillie, 1999). FTHZFIHBM AN JEBERIRIGT KB, REIE KV TEHR
fe, DRI AN i 2 T T R AR R &5 S, (Re AT IS8R AE AR A BRI, AT R B W] g
WA DA P ST P A @ MEH o FATIEAE B A DS R B TR IX — i
W AL PRI LE AN [ 9  J AF v (1) D ik o
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