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PRIRAE RS T 5 | DA S AE RS AT T S TR I EEAE AN T o NIRRT 38 5 2 B AN R (R A6 30 2% B A 9T 17
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BRI N . £1)6REIE(Bombus ignites) &5 S I MER# . KBRS v BB RIR T 4GV AR, 1
FBRIE AL R TR T T T AT (2 U LT RE M (1) U I ST, I 3R 1] 0 I Wl o5 | 4T ' R e 1) = S 45 ) 2 S AR
AR AN AS, AETEME . 1625 R T 4R AL LT JeREME I IR R, WU S 439.23%, 2L &RV 5 2410.25
pg/ulo BEOARER . BACIEIIC . MEME 2. TR, &> AACSE R T A0 #8050 BT AR 1) A8
Yikh. BHEGQE R TCIRAERE, 2 LRI AL T HEPERY BE, RIBEIAEIE LT A T PERY B MO 40 e REIRAE S 407
VBB R AR b, R R AR A R R T AR RS, R SR E AR ARk, Xt R i
BET B RAE . R HESS B A0 ) PR SA, JE— AR BRI A A SRR U )R 2R S R AR B T SN
AR o R AR AT SR I P 5

KR )ERN, 6%, A, feRZERL, Aconitum kusnezoffii, Bombus ignites

Floral advertisement and rewards in bumblebee-pollinated Aconitum
kusnezoffii (Ranunculaceae)

Wanjin Liao’, Zhengmei Wang, Lina Xie, Wen Xiao, Yue Sun

Ministry of Education Key Laboratory for Biodiversity Science and Ecological Engineering & Institute of Ecology, Bei-
jing Normal University, Beijing 100875

Abstract: Interaction between animal-pollinated plants and their pollinators is thought to be an important se-
lecting force shaping the evolution of flowers. Successful pollination of a plant relies on its attractiveness to
pollinators and the ability of the pollinators to deposit enough compatible pollen on the flower’s stigma. To
assess the attractiveness, we manipulated the flower of Aconitum kusnezoffii by removing the sepals and pet-
als, respectively. We then evaluated the mating system based on pollinator behavior and flower biology of A.
kusnezoffii. The bumblebee, Bombus ignites, was the effective pollinator of A. kusnezoffii. Bumblebee be-
havior differed on the manipulated flowers. The visiting frequency was significantly reduced by se-
pal-removal treatment, but remained unchanged by nectar-removal treatment. Bumblebees were attracted by
the flower exterior morphology formed by five sepals, not by the nectary formed by the two petals. The two
lower sepals provided a landing platform, and the uppermost sepal functioned as a nectar guide, ensuring
bumblebee find the nectar precisely and rapidly. The two lateral sepals restricted the direction in which a
bumblebee can enter the flower, ensuring pollination efficiency in zygomorphic flowers. Nectar was the main
reward for bumblebees, with a sugar concentration of 39.23% and histidine concentration of 0.25 pg/ul. The
flower of A. kusnezoffii was large, protandrous and herkogamous, suggesting an outcrossing mating system
based on the outcrossing index. In Aconitum inflorescences the oldest flowers were functionally female at the
bottom of acropetal racemes, while younger flowers were functionally male at the upper positions. Bombus
ignites generally flew from a younger functionally male flower near the top of an A. kusnezoffii inflorescence
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to an older functionally female flower near the bottom of another inflorescence, and then moved progres-
sively upward. This behavior promoted the outcrossing of A. kusnezoffii. Aconitum kusnezoffii flowers were
strongly protandrous, with the male phase lasting 2—4 days, during which the anthers gradually dehisced.
Aconitum packaged pollen within each flower as individual anthers dehisced over a protracted period. Such
pollen packaging necessarily limited pollen removal during single visits and increased male fitness by pro-

moting pollen dispersal.

Key words: advertisement, nectar, outcrossing, pollen packaging, Aconitum kusnezoffii, Bombus ignites

ek S M B R ) — AN IS, EE
il A5 K5 DR AE B BE P9 R Rl A R) () L 3)) (Barrett &
Harder, 1996) . H Joseph Gottlieb Kolreuter Fl
Christian Konrad SprengelftJ£& dLg /KRR DK, T
222005 IR BE, A AW C G R A RE )
“FRE A A2 2 v B A AR (G A B SR A BT
2000; 5K K5 FI2EHi4E, 2001; Chittka & Thomson,
2001; 5K K5 B Jj 4, 2004; Harder & Barrett,
2006; Waser & Ollerton, 2006).

U AL Ry W) 5 AR Ry 3 1) R RH AR
W T HYAE 2 R DR E ). X
RIAREAE AR IAE A T . 758, MR e isEs
UL T ) W 55| Ay 2 O 5 A B 2 (AT S R A
AL 8, AR s AR 1 B A o
AR 552 Wi L0 (%) WHE A4 0 P S5 B Bl (Real, 1983
Utelli & Roy, 2000; XU F1EEA LS, 2000). — A
N A =ML A5 AN & B 2 AT ORGP AN 5 4%
¥ D RE(AnFukuda et al., 2001), kS K& H:
i Je 45 e ) 2 5 i A B R DA B 4 AT K 4 i 4t [
i (reward) 1) %% B (Jones & Little, 1983). F4iE i K
MTEFFE e R RFE AR 2 R R 20 110 fid it
HERPAT) &5 RV (advertisement) e 5 4K o 46K
M S MY S LAy & 1) d R o,
B RRRE AN S R A IR W) I REAM R AT R U A
it 1 FE(Heinrich & Raven, 1972). {H A5
WK, AEEAS R TAEN IRV TS, At A
AT 5N, Gl &k (Thorpe et al., 1975; W,
Dafni, 1992).

Fe 5 H U5 TR AT 2 J2 77 BE 7 K A2 8 1 AP iAE
Ty R ERARE, LA K 17 BE A R0 R A6 K HA HY
2, MY S HALKR B R R G Iy — AR
(i) . (R IRZ, KRR A e R
T ARy LR, B AR N T AR 6 AR it Y
WHFE, BARANFR R LR S Y Z R R SR

Z (KK B FIZEH 4, 2001).

5 3 & (Aconitum) RS 47 ¥ 46 58 FH S MO v 41k,
A, 5 2 L A ek o 2 MU A o S i (R AR,
S5 K LU KR IR, IR AT B 9T# J BILRE 1 (Bombus
spp.)se iZ B PRI A AL K3 2 (Brink, 1980; Utelli &
Roy 2000, Fukuda et al., 2001; FKHEIEZE 2006). 12
KB AL 5 AR ) B ARG R I T IR E
Io B S AR 2 MO 4 2 1) (1) B 2 5 RE e 1Y) 5 1R K
7N, DL R TR (1)K B L R e (1 K A DT PC A3 AH 4
If (Kronfeld, 1890; . Brink, 1980). A ¥ L% 13
(Aconitum kusnezoffii) A A4 kL, XF HLWE 5 |44k B BT
SEREAT SIS M, BH A A R IR AR | e
T3 TR FH - [] IR0  8  B FD 2 1R 1 AT )
WIS, ATk & Ve R S . 5
IRBE DR 7 R AF OGP S RE e b 4 0 R 1 (A8 i R
g8, TRy B U5 AT A0 AT L R GE 15700

1 #MR57%

1.1 #HR#H

R B ERY SK S I — R 2 AR AT .
MRE R, T-9 I, ERTET . R iR, S
Bk, B REOR, THERAEPIIEE, [ N Y
M&A—maph. MEEEE, BT EERW
WP, TN RN FIR T . RN, Rtk
MR, HE B, R ER, W%
I HEZSZ R, OB . BEAT AR WS (1 Bl
(115°25'15.8"E, 39°57'18.4"N, ##k1,356 m)fi -1t
BT RN T K AR AR A B i Bk (Juglans
mandshurica)tk I, AR -
12 MRF*E
121 HfEEWE

16 R 5 (] — ot o 1) Ak 1 e T H LA T R
1€ 7R (floral display) 131> 73 #k (ramet), 73 l3c K
1. 2\ 35000k ZRUSOMITAER=E, £ER2
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SOKRFTE BRI, 35k XTI IN9:40—
15:40 % IX 3N AR BEA T IE S 8%, 0 S5 Rl b B
BV AR IR LA R B O AR VAR AT N . BB
20minic s GERE 13 B AR FE, FIFHSPSS 13.0
X T B BT ) AR S PR B I P R TR G R . R
Mann-Whitney U Testf 5 A~ [F] &b BE 2 [A] 5 1) 451 K
M) 22 5% o
1.2.2 EEBMEAREINE

TEREE P BEALE B SN AERE AR, SR REREIE
B IEAE U AR, SRR/ 53 7 AR 5 11
v FE A R R, DA R b R i A i g 1 ke At

=

Ho
1.2.3  TEHE D FAFESK AT Z HAAG

TER FIAT Sk A, JLR T 285 43 T /K fit
ARG, DAHATACR AR SK A D00 . FRky A & S5
5f]o MTT(Thiazolyl blue, WM ) ] {7575 LK fif
BRI ARy R S A 10 MRS, EMTTHO S,
EERER eI i 8 D RAR AR Wik G P Iy Ly
FRES AL T T 323, MR e R W R R AT Sk
AEM.

DAL B {0 NI TR I T A 25 R TR 2408 38— B B, /b
BOUME TN I B, 2B T30 28
S B, AERITRON SEPUR B, TR AR S R,
TR KN S T B BENLE R 102518, 48002
R o o ML I B HEATMT TS (1, W
AW TG, B2 25 B Be i qe, MEATMTT 4
o, PUBTAE Syt o DA ) T 1 T 6 R I 1 3
(IR I ] o

KRS 2 IEAEIF IR AR ) AE A T i iR 448
BRI AL, BEFF0.5 hEUE BACM I TMTT
et Gt ATE AR thdl . R SPSS 13.013E47 4H
RNV A 23 A7, Al 1 555 8K (1) 5 K A6
e
124 TEEWEKE. AR, SEBRIENE

BEALE I 2026 BRI 1, B8R R . it
TP, 20 pLi B4 T b 10268 1 4E
%, W B P RERA MK EL RV =
20/10.27H AL E AR L, 10.2 em2420 pLE4
WA KR ) o R BRI 1) 16 2 T T (Atago
hand refractometer) bWl EHHASE, TH10K. KT
TIANO0ZTFIRN AL, FpAbky B dt (Bombus ignites)
P — W Ja, B 20 uL i 40 WA W T 1 )

T, HHEIRAENAE. B EEE AR
F L — U ) W (1 A 2 o

A6 2 TS TR 2 R IR 12 2 0 41 % 1R (Baker
& Baker, 1973), JrLAASIEG LA 24 0% o 2 O 5E
TP IR IER G 5. BLHIPILHREE A4 mg/mLIK)
HATR-FEN I, SAATRRRRE, B 10MBA A . K1
WL A6 B R0/ 11 20 20 19 - RE RV 20 0l A E T
15 e PERAR b, FEREANFE A BT I00.2% 1 2 — -
P, 85°C W (110 min)&, ELEAFIAE B FEA
YA AR B, (SR RS E
(Baker & Baker, 1973),

2 #£R

2.1 fEEPIZIT(floral design)

RO ARACR, B R AR T H K 4.01
+ 021 cm, FFAAL%EALTL £ 011 em, BT
HM2.66+0.08 cm. 8 H ITAE, BEAAE KAFR4E
46 d(FE 1) HESEA I A6 22 [ el 25 il
INAELZHE T, TR, B EIRLT T ., |,
TESERESMIN PR HE S8 56 T ROk, BORY S8 HE AR 22 N
Jei, WA EESEA MR T2 . BN e SR O K2
Fp82-4 do FETHAE IR A BAL T 62, B)aHE
KA E BT, HESRARA 2. HRITFER
A NN 2 X RS i & /S Y VA )
TR, HEkA BATR . MEME DD RE (AT Sk AT
SN FEE:1-3 d(1).

MTT e (0 45 SR W] B AR M 05 ) (T PEAE By
P o ¥ 43 LG B I ) 328 9 B (12) o [1UE 43 BT 2R
B BEARAE R ) B R AF s N TR] R 4.41 he

1€ Flower no.

No. | C——————
No. 2 C——————m
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No. 4 C——————m

No. b CC——

No. 6 C———————
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No. 8 CC———
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El ESR{EEE. AERTEENE, BAERRIESEN

B, IR EL TR ERN .

Fig. 1 Male and female durations of flower in Aconitum kus-
nezoffii. White bar, Male phase; Black bar, Female phase; Gray
bar, Overlap of the male and female phase.
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22 R RAERERGEME

TERPEE— R Eh, TA R0 RIA ST
Hyy A 5 AR e, 3 ) 41O B8 i (Bombus ig-
nites) . £ if iE (Episyrphus balteatus) . %% I (Apis
mellifera). i (Vespidae sp.) 14t (Ichneumonidae
sp.)e FLH, 210 RE RN fr I e 55 L IR )
oA 3 B A SR AR R Vs il

2 HU 1) B A PR AR DN R s (E3), P44
20 mintjj 1 6.3240.917K o BIME H 2% F8 d5 = 2 (1AL K
TG RENE, U AR A A B RE20 min 221+
041K, ZBRAEE )G, ANE & LGREIE 1)U [ A
(Mann-Whitney U = 95.00, P < 0.05)it /2 Fr 5 15 )
VT i) A5 AR S 2% I (Mann-Whitney U =
52.50, P < 0.01). 2B Ripk Bt vy inl Sl O 4F
20 min 1.42+0.497%, ZI0GREMEXS bR F REAK Y
i ) AN AT 4520 min 0.84 £0.317K. {H)E, £
RIS BRI IO, JER B SO B R U )
AR (E3).
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Fig.2 Pollen longevity of Aconitum kusnezoffii flowers (R* =
0.85,P <0.01)
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Fig. 3 The visiting times of total visitors and the effective pollinator, Bombus ignites.
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Jevi AT R AE, FRn By e, 8k
Br e b, RS E R e KRR E, H
B SUREMESERE e — P S RS T, JEANK
TACE . AN SHAERESERE L, MFEIRITE L.
T RBRE IR AL, Z0GREIEAAR VT In), {H L
YR v B[] B Aok 445

frief i(Episyrphus balteatus) Lk 4 1 2%, LA
ekt WaENERIEAT, WIS, 5%
ANVETHESHEE b FEAOMNE, A e,
B2 RN . SBRAe. LBRaE I X fr it g
(U IR AT A FHA A AT SB35 5

S HUU 1) B (R A O A . — AN
F7F10:00-12:00, 75— 2 F14:00-16:00, {HiX
PN ) v Ve 5 R A A K I R SO 85 AL R A
REFEA WA, i B R RS N
BE AR (El4).
23 TEARRREFRD T

L SRR A AR I AE AR T g 4.19+0.47
ul, BHIK BE 4 39.23 +1.87%, 4% 8 & & 4 0.25
ng/ul . {63 PR S B BE AT B AR G . 4r
JCREMERETT M — Ik, KA E2.68 pLic#, Hidic
BRI RERE AE 3K 920,82 TIURE R, [FIIN1E30.67 g
2R -

3 g

31 ESmBEMLHE

B 1 FEY) 22 B I AR B PR X A R A Ky
(1) 28 51) 3 B DA B[] — A 6y 3 A (7] 5 T AR 3 .
(Stebbins, 1970). 23k JEAE K46 KT HE (o4,
I SHCHE 8 2 7 AL AR A R 2, 28k By
£ 5B 2 MR A0 A IR AR I . AT A X
— &} 2 1 N RE 06 A5 K 1) (Brink, 1980; Utelli &
Roy, 2000; Fukuda et al., 2001; 5KHEIEZE, 2006). %
Sk JE AR A A6 9 SO0 2 ] () P25 4 e e 1Y
AR KN B 159 4% U (Kronfeld, 1890, . Brink,
1980), 1AM 222 Fy JB % 1 72 1] 25 ¥4 e % (R IF RE i
HERRHLALHY . ZeBRAconitum japonicum var. monta-
num PR AN )5, AR 2805 38 3 B (K (Fukuda et
al., 2001). 1ff H., Brink(1980) t& % Hi Aconitum
columbianum 2 Jl - [¥] K B 5 L A% by RE e (1) K
FAK

515 %%
75 4 24
2 £
- 70 g
o -
kS -2z *E
- 5]
£ 65 1 2 =
5 S
|
G 60
18
g 12 4
-~
5}
ot
HE 9
E.ﬂ
R
o g |
g
#o
e ,
H5 7
g
el
47]
E
wm
512
5
4.5
B2 9
Ea
Re
59 ¢
fo g
g
kg
g
o
£ 0 |
10:00 12:00 14:00 16:00

B & Time

El4 IMRIERE(EZ)MITE(EEZ) SMATEE MK
FNLL e REME I RSN B KR &

Fig. 4 Effects of temperature (dot line) and humidity (solid
line) on the visiting times of total visitors and effective polli-
nator, respectively.

TERATRM g IS R, R BRI T SRR
HUFE U B 1) A, H A 40k RE g R 0F e
Episyrphus balteatus gz il £1] 7 & 11 BEIESEHE . Brif
I Episyrphus balteatus + ZHU &1k, AW &L
PR AR, T H LAY mEERY B e . T
TEHAEIK b, 5 M e 2, MERRE D e FEA A
HEE(E1), FrLl i iEEpisyrphus balteatusf s s
LD ek et . SERATTBI S KRB AE, i)
Aconitum  columbianum ¥ & IF i th A J& JLA RUAL K
i (Brink, 1980). M£L'%AE I REAR I Hbi Y 51 1 1)
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Table 1 The Aconitum species and their corresponding Bombus pollinators

LEC/ENES RS ELEN S5 3CHk
Plant species Pollinator species Reference
Aconitum barbatum var. puberlum Bombus koreanus Liao et al., unpublished
A. columbianum Bombus spp.(1 17 fE ) Brink, 1980
A. delphinifolium Bornbus flavifrons Harder, 1990
B. mixtus
A. gymnandrum B. kashmirensis TR FEIEEE 2006
B. potanini Zhang et al., 2006
B. consobrinus
A. japonicum var. montanum B. consobrinus Fukuda et al., 2001
A. kusnezoffii B. ignites K3 This study
A. lycoctonum B. gerstaeckeri Utelli & Roy, 2000
B. hortorum
A. septentrionale B. consobrinus Thostesen & Olesen, 1996

AE R 1, AE U 0 2 (1) [) I 58 B HE 5 1) A% A ik
e, RSB . 1G0T A 1 LI
53 R AR L) 22 T S, I LFR
KB AEY) G — ) A0S A Hh AR I R R AT AR R 1)
(D). IERguntt, %3k EAYI eI 5 W RR A
“fE % ¥ (bumblebee flower)” (Heinrich, 1977).
32 ELBxfEHmERRS

— A Ky A6 R g8 43 A At K ik B b Bl 2 B
DHARE E AEH . R R R R A . RE
SE PRI W L 2 RIS B 7 | A 0 (Can
Darwin, 1859; Bradshaw et al., 1998; Hodges et al.,
2002; Gomez, 2003). FATARI, EBRHS KIS,
LI REME IR U ) A0 S0 3 BRI, 1T 22 B 1 il 2
PRI, £000 R ) U T 45 55 0 A AT
75 (KI3) o XM B L WG 5 [ 45K 7 1) 32 B ) 72
A6, AR RCEE R R AE o

2P o3 ] DUR BILEE 5 32 B A6 2 T8 1%
ISP TE AR 5| LG RE W, T AN K AT e Ak 1 55
DRI 25 o %Sk JR A ) () Al i A 4 TAS B 2
QMR AR B AN AR, e
S AR5 £001 B g IO 18 % (1) % 3 (nectar guide) .
Fukuda%§(2001) & i 2% B Aconitum  japonicum var.
montanum 1) =5y J5, ALK fIE i AN Rl 7 A 2k 15
il g i b R AR, A A 2 U7 n) S A v g
DRI T AR o 280 T 45 7 5 A6 RE RS (1L 1 2 — A
FHRF G, U2 R =2 o5 BEARAL K R 6 1) U 1)
AR o 2R T R ) A S5 R AT (R D e VT R
SERE T AR Rele e EATHER 5l A U )
YRR IETE, R8I RT RE A B 4k % (Fukuda

et al., 2001). PAMIXIFRIIAE, FoALpy i AR 44
— i 7 XTI, R R E AR R e
g SEEURG 1 A4 83 (Proctor et al., 1996).

FGE M RN et (e 5 B TR (3 ) £
y EARAE T — AR T, Rk R R
g8, kPR ML G1RE E SR (1 A% 8 # (Grant,
1949; Stebbins, 1974; Melendez-Ackerman & Camp-
bell, 1998; Hodges et al., 2002; Strauss & Whittall,
2006). {HRE, fethFHER TS FMEIG 2 4, iEhE
AT VF 2 5 4% 8y 6 5% 1) D HE (Strauss & Whittall,
2006) o FRATIEAT WA KT IEHE 150 W] 25 4 10 2 15 55
FILLGRRIEAL R A OC . 5 3K Jm I G i AL fiE i
FRIIE WA FECGRD), — MEAEFT )2 X
L AN [R] 49 o 1) A Ky S8 e 1 AR 4k OB 26 4 38 P IR 20
ARV 0 2 K S A A o
33 ELSMEMIBESRERS

(EZVIPRIIEL7/h TERON Sl A O (S e < B2 N e
e 35 B 38 (W) A6 By 250 R0 T S R R () 3 5
IRKIIRE o 4l RALKn & 1R U7 [ AT A ASRERE S A6 A
HAC B A bR e BAS, S AtEPnl Gess th T A8 3
ARON E AT SR AR A T 5 ) e mT ] T 1 R s
TR AN O F A SRR DN ) S 308 5 FE H %
(Charlesworth & Charlesworth, 1987; De Jong et al.,
1992; Husband & Schemske, 1996; Wilcock &
Jennings, 1999; Wolf et al., 2000; Charpentier, 2001),
ALy AT RE R A ek, B
ER (1132 K5 % (McLernon et al., 1996). 122, 1AL
E ZR Gt 5 At 2 (R U5 IR0 AT Dl R B AR G

B LB LEBOR, ANVE R LN 2 AR
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i 72 P RN 5 22 TA] ) PR AR K16 mm, JF H K
IR S e e 7 R A S PR R A (PRI 1) o AR S 28 4R
% (outcrossing index, OCI) 5 1 # Mk 10 % &
(Cruden, 1977; Dafni, 1992), & 1%J&—Fhisr AT
SRR, ARFEAE B AL R B ALKy () S A A . AN (1)
MEERE, BRI, TR ) RF LI (] 4 b
BA(E12) o X R B AR AR T T I 2 ) B S B 5 AT
BEGE T IR b A A rh ORI RE R 2
TR SO ALK # RV iz sh e fit T RER . MLk
BN, VTR 5Ky e, 2
MAE R T B 1R L 38 3l (Pyke, 1978; 7K #E 14 45,
2006) o 1 8 0 2 fh b ) B U 1) R AR S Sk
(Aconitum gymnandrum) (1) Lt 451 51 1K 97.3% (7 4 e
A5, 2006). ARV ] 55 I Z000 BRI RS B K
BEAT LA e VT 0 Fe 7 N AE, P i)y nl
i LA e . AR X R AT N
AR Y, B 5 A0 7 2 ToBR A 7, 1 SR 4 S T I,
FIBEITESE IR, M B AR AL T REERY BLE, R
TR AR A T MEVERY B o Ak N— MBI
TP A2 N N W F VS T N < P Y Y 2 S A
DURRAEAE Sk b, ARG AR b vs i) (R A b Sl T
A ACR, WIS e85k . %3k 8 oAl e
WA R 2 # BA X R BT, 55X AL
A BT AT A S Y, ST R AE BB (Pyke,
1978; Utelli & Roy, 2000; Fukuda et al., 2001; K&
W25 2006).
3.4 ELSIMIEEL(pollen packaging) T i

180 B H BT ) e B (R AE Ry B %, B4
HA B 2R — ekt Sk B RAER B v 5 o
LE 4G (Harder & Thomson, 1989). FFLL, ¥
(i G S i N P I L R oy R @ i
A M K, s R G ERy 2 5 2 Vs in), A
03 A6 By AR v R A I e R & 5 T (Lloyd &
Yates, 1982; Harder & Thomson, 1989; Harder,
1990) . 4 il 5 JL ) 06 5 & 46 K 73 K (pollen  dis-
pensing) FIIEK$E M (pollen packaging). f£K) 7 &
SR A iR AR A L I G A K e ISR T AR AT B
FIAEK $f (Lloyd & Yates, 1982; Brantjes, 1983;
Harder & Thomson, 1989, Harder, 1990); ft#;3EhC0
TEMEG & T FH VDR S AR A 7 5 23 BT AN [R] 1) 45 44
FLICHL, X BEZE R IO IR s, DRAUE R P A AT
INf 221 s 2 I A6 A 0 I ek B NS

(Harder & Thomson, 1989; Harder, 1990).

A0 K57 2B C SR A0 B 1 AR ) TR A R R A
ML . Percival (195558 T BUR L K8 L FH Y4
o FEDL I i, 45 R W I S2 R A K A6 25 AN [F]
2L, 1 H, fEXS2FMEYI, H44.2% )M e
W B [ — 67 WAL T R RF L A i 1 d.
Harder (1990)l| T Aralia. Mertensiaf/lAconitum 3
A EOFAE Y M AERy A AL, K6
Hh L E H AT LR AL Hl . P, Aconitum del-
phinifolium[1) 254048 2507 Be 2k, 28T 144, e
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