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I3, FREHEERLEE Lz, FEmilicsuTid, E0BRICKE L. BTESEE - 12,
FATEE TORRICIE. IRMOEE LR 4 IHML 72, BATEOEE 5 &, EYMOELORKRE IRIE
ol BATEMIOERICIE, BIIET 2 0EROEENFDLL. . ¥R, BFRUE
2 EUTEFOEENI MU 12, _

YOG RERORT%Fig 10bICRT, v <va+0—4£4E LT, EBOKITEI X
EDYBToN, KBHICIE, ERBOS0%LEICE D SMTo N, BEHORIZIE. 20%
DIEFICEID BT oM, IBNDEND MTik, EAMICIZI0%7 >/ DFBRE, —HE4EBLT
KT %T—E 1

HEYOERERI. B X (FER) ' OELOMICBWERZR L (Fig. 7. HEEEHR®
=0.92; P <0.000l. n=155), WHDOHI LEDEEXAETZ 2 &tk COEFEE
REAVTHYDONA AT RERES ZENTE B,



TEEHEEMOBE I kL VEENRS S (R?*=0.59, P <0.000l, n=155), CDERI.
HOBEVEEREETEENSVE VS BEERE—FKT 2, B, TEFOEELEYOE
BLOBIBEVEENES NS (R? =0.83, P <0.0001, n=155), KELEFKIILOE -
DA} 3, FEBE~NOBRRRAZMHET 210k, COBRREAVSEILNTE S,

EMEXE 75 7 %Fig 1R U,

2 - 2. EFEFROERIL

HEREMOZE{LAFig 12iI0R LT, a) RIBHOIFS— (3n) OLEGKK. b) &
#7aK5—b (0.25n) OEEEEKEREDLTWS, 2 F5— FOBEEEEIL T @K/
0.25n (28f,/ ) ~143f@lA 0. 250 (572MH, nf) TH -7

DB TIE. BEOHTEENIEFICEN - ORI LI EREI3H 4 @4 of
cBTH-teo KEMO T AHDE TIRERMDED LIS -1, TEFENHIEY 5 &, BROH:
FRNBUEA AN, 1 BiCL 3MEE/ oddE5EL 72,

EEEEORD . BEOTMBEEICKEL TWe (Fig. 12b) RkUFig 13), EEBRME
0. 25m&H 72 0 14058 % 3 BEHIEE L - BEEEEHTR. K70 LERIC20% 0L 2.
STERIC I L. 2B o AR L. 9 AhEE THE R R - 1B OHEEE D 30% (40fEK)
K X1 - teo HEBEDN~OBEOBEGETIE, REBRMICI0%2ERL . EFEEEIZ
SFERAICIZ0. VBUE/nf « BE T D TR L. BTEHOKR DY ETHXNEE K>, £
EEEH108HE, /0. 250 U FOBEEETIR, BIEHOKD O  TEEMI MR 0/, MEDC
Do, w23+ OEFEEREGROMBERICKE (KET LI b1,

2 - 3. TEDBITENRER

BE. 2EOEEHMETS (1EPZEbH5), LRI %Fig 1R LIc, TED
EMZTE1IETHS (n=20)., 2HEOHABEEROBII4BERIBEY IHh - REILE
Ut HEARE DHIBELERKICERL TV,

2-4. HHEOREH

L. BRI SAUN LD - T, DESOHEICTERNAE L BETH-TH, B8
BRBELE, - oo BIBWIEIHD OTEOFRIR. 401 9 BLIFTICIZ IR & A SZEWD U
otze LnL. COXSHEEAS ., BIER LRI ELIRICI 5 L RBMERT LOICL
otz COBRBOHBEIRTRTNSAEMERLE (n=5), HEOZFHITELNES 5L TH
Bxhit,

2—-5. {EREAE

(20,4820, 04 ¢ £ (HGEHO. 10~0.98, n=45) | HWERE I+ 2% TH -1, AN SK
B FEERIZ0. 1920, 2g TH - 72, EEELEEREORMICIFHBENSD, JOT LITHER
ER—ETHBIELEEH®RLTVE,



HREItHE L bimLi Fig 15). 2BACREREM -7, 4 AEE TEERDT
NEOEMLI, BR4HBETRATHMEIR TV,

3. BGEARE
1. XEHKX WV FRUR—Y 3 VER)

RENS 21T > TEMBEEHRT A 2 Lick D, v 3+ 0BTFREEINEL B -1, HEE
TEDRERRIZ42%TH - 1, 199BEICHHMICERIMROMEINE B ot &, <
TIAFRETERFEIED, BRZNOEERIZNE T, MFESHOEERITY L D {EH- 7-
(Table3 — 1) LAL. BRI L > THHELETFORIL. MFFMOBALO VO LIE
WEIR S - 12 (19954E R TF199T4E), —A. BEZMICL > THBAL-BTERIRTL
THIZ. 4mg T, MEZC L 2T ERIINL 2igTH > 12, ThFEZIVEIT - TH S 24BERHL I B
FLICZE L - TEE ORu. ﬁ%xﬁé%tﬁﬁibﬁzﬁat(EMe&—ﬂo
3-2. FHCE T ZEBEADIEMLE

HEMTIE. 5 VT ARELLIEOTRTORE (n=25) ICEEKSMEDTERNER I
TV, BEL2TRIZIZIET RTZM L TO 2 EJREEAE WV,

3-3. RBERLHEERE (IEHR)

HHIHTE (BRRE Kk 5w+ ORE, BEERCS /Ol RBETH LI
B, ThEl OA. 3-388) . THTEREN59%. 31%. 18%TH -1z,

BONCBATEL 7o TEIR L W B DB TR AR 2HENS - 72 (ANOVA. P <0.0001),
Fig. 16ITR Y & 51T, BBV IIED S /O IZTEH23% Th - 12, EERIIR A IET L.
IBHONBTIRIANETHD L, 0BETREEENRELIEML. chilk. BFHEE
LTV,

BKRDOFES Oz id. BVICEEISMERIR 4 H - (P =0.267),

3—4. EFES

BAREC S 2ETFERRL dg~13. 0 TH Y. FHERIIL 4£3.2 S.D.)ngTh 7=,

EX M5 L%EFig ITIZ/R LT, '
3-5. RBHIR (VY—RUIF—232)

DESEYRT B LK » TR Uic & & BRI I-H, BEEIZ, Botr
TEHDIEBIDBVBEEROT—EDEETH -7z (Fig. 18), 1 SOk 2 BOTEARE L
L EOFERTIIIR TH 7oA (Fig. 5 RUTFig 18b) ) | MEEICETIEMAERPT IR,
BREIBRLAET L, fIOEETRTE L E S ICRBRERIMGYETET L (Fig 5%
UFig. 181) o TEDOM% 285 S 4 IR L1z & &, BERIZ52%H 5 37%1cHD L 1=A1,
ZDRIEERT—FEITE - 12,



FTNTOMEETR LA Fig 5g) )  TLoBEMNEgTIME TRA LI, Th
i2b) |\ THOBEAEICIEE 2 EE LIS LTEROBIHE LTIHRIBELTH 24, FREK
RUEERIZD) OBSEREITEEMLLEN -1,

IEh) 13, FMICTERSERVWTE) LRICRHETH S, ) DHEIVTERRZ 12D
BREERUHEERII L) OBELVEN -T2, 2BEOERE (55%) LHBILT, A4 @712
WEIh-TEHOEERIFEICE N > (84%. Fisher’s PLSD, P <0.0002),

BEFHTEC BT 2SS /0tid, BVEWVIS%K TH » 7. VIRRERITH Z&icL D, X
EEENARTARBAICIRIEE L EEZ O ARBEBRRAI Ec L 5 T SAEOTER%E 2 E
TTRO LGS, S/OhIB6%ETER L, FNTHRDOMEIBBALIBLVWEETH-
126

EHHTEX S EOFIEFER 34 453, 2ng. EAL. dng~13. OmgiT R, T DK S
BT, FHEFERIIT.SEL OngE THEML .. 2. Ing~10.8mgTH » 7z (Fig. 19b)).
FTHbb, EYRLELZT-> BROESETFERIZ, 2 to— VLD bRED ST,

TV IFOKHEDICRIZFTHETNVNFTNFORE
EBE

BEMTIR. T3 FITESBEOTANFAFIGHIELTVS, THbE, FHTNFAF
(Bombus consobrinus wittenburgi Vogt). b 5 < i/~+/3F (Bombus diversus Smith ) .
I ¥ nF/3F (Bombus honshuensis Tkalcu) . b X = // +/3F (Bombus beaticola
beaticola Tkalcu (19958ED &) KA A < M/ +/3F (Bombus hypoctrita Pérez) TH 5,
INSDIMNFAFRIKESRURETHNRL > TV, BRNTROEVOYERD (W12~
13mm) FHTANFAFE, BAPROBIIFICAA L. FEMATICBRICR o, RO
SEEOTANFAFORTOYR 2 FHICRY F8~12m) 5+ Fid, BRI
WA AL, AN THEICREIEATES, OYWHNEY FE6~8m) I V<N "Fid
FicEASHIBIC AT L. BAOEERTH S, b 3EOTUNFNFRRFREMDO<<aF+DFE
e BPHTERHRTH » 1z, OYN2FBHITEY (W5~6m) EXATANFAFIIO5BEOPT
5H/NITHD, AMOBILFIAHT 5, AUNMETIHI99FEICKICRNF 1 TH 7o &
ARNNFAFIR, ZOSEORTOYNRDEY K3 ~5m) , JOREIEAOEMN S it
FTCHELAHLTVS, AXTNFAFRIOYPHEL . EEHEHNSEER D Z ENRTERVID,
Ex OITETHEEETI S EA/MON TS, Ho k. BHESMECREMITERETEIL 4D
BN (1996F0ABEINS) . << I FRRTEHNENELICHTEL TV,
ficbeaFicid, NFT T TY. FavREORHPHEL TV, ~NFT TRIEME
INELTWR, ZOHTEBERTANFAFLONEDEN -2, TYRELZEOTOL, E



DEETERLTO, w2 IFBOETFIRT VEA (myrmecochorous) IR TWBZEbN TS
(Pennel 1935), << 2+ OR24EEGEEMEET 5103, 7Y OITHEERMICANILEILSH S
BN T Y RERETRRVOT, SEDOHADHEALE Lz, FavREVWOWERVWTIEESI
RLUICBHTEL TOH, F a 7 OIS PEFICAN L (Kojima and Hori 1994), FWEMucH
VT, Fa 0T IFOHHEERIFHIEL . I9TTES ARICHELEEETH -1
FABEHEDD < VN F N F ORIBHEFig 2000RT . TUNFAFEOBRIBET L, BHZ
LIZBONS T, BEMORBEEEIF TN NF N FTH o, 19965F 1R, FSNFNF
BADIED o1 199TFITIE. PSS TANFAFOMBEKEDEML 1258, I Yo+ FOEBYK
BEFICEAD Uiz, 1997F 8 HICBRIL 7w N F_FED << 3+ ~DHTEEE L. FH <N
FNF D FIRANFNF L IXTRIANFNF A FTNNFNF=48% :38% : B% : 8% T
bt

2. FRRBHER
2—1. TINFNRFOY A IAE

LTORMNOREEEER 4 1<RT. () PHE; (2) FEHE; @ BHE; @) HEE;
6) WREER ; 6) Mg (7)) BHREEE ; 8 WHIE; O 8K 0 BRE. 51,
T A~ 8 AORICAZMNOBOTEIC N W F A FORIPAIOY 1 XET LT GaAFIH
BROARRERT -7 %% LWT),

FHRINFNF, FITANFANFREL YN+ AFOEEREEIR. 2hFNI12.4
mmy 9. 6mm, 6. T TH -7z, RNNFNFOY A XiTiZ, EEE - RHET 2TEICL 28 VIZE
Shiih -1, 1995FICHIE L-FiEER IR, OFEDO DL DEM -1, Zhid. RIEETH
HhDELES1DTH B,

2—2. TINFRFOEMTELAS

T2 AFEHTEL T2 N F3F DIED E DR ICBOLRY R BRI U o vEFig 211cR L
oo BOEBMIRZEHE, + W UNFAFTREBRIC, F TN A FTREERIC, v
TNFAFTRARERICNE L TOR, AT INFAFIZOVWTRF—IhE SN -
7o

3. RIWNFINFORETE
3—1. FERS
TNNF AT DRERBEEFig 2LUTRY, FICTEMEED B DICHTET B F AN FI3F,
FIRANFAFREIVYTIANFAFIR, FEEBOOFELIICLTHIEL: GEH -
BIZLB2EH) . TANFAFIITTIFOIICEL & EBDO TEREFIMTONG, BERE



S ITERERICELAL, COBRTHRICEMT 5. TEEERS L&k, EEFONEE
LM 570, FEALTOREEELOENERKL ., N FOBRERUKREICIERNETY
3. = ORI, T UNFAFHRUA A S (Faegri and van der Pijl, 1979; Macior,
1968; Proctor et al., 1996) . RhinanthuskUf=< a2+ (Kwak, 1979) Ok 5 IBRILEZFr
STEEHT 2 L X BREIN S, —H. OWHEL . EFTERNENET 51cHicw<at
CEATES B A AT N F AT}, R TIERROME %, FHTLEFORERE S, OY
1R THEATLRSICHED 52 LIAA TV, Kvakd (1979, 1988) ok 5 EOYDE VT IIL/NF
NFi3. EHAED ST B LS IEHET 3 (ERIck 328 LWL I, SREIBHEETEE L -
720

- 2. RERTNI—2

T UNFAFORERITREICK > TR > TV (Fig.22). OYEDE (6. Tom)

I MNFAFRECECEEANEBE L TREL TV (2 P ANF A FOLRET
BhD50% A OBEY), FRE (99.6m) O FSTANFAFE BEORV (F12. 4mm)
FHTMNFAFIE, B—TLFEAES (940%) K THL . ERBSH L TREL TV (40
%), EbLEWV (4. 6mn) AATANFAF K (45%) 3 EEMBE (25%) L7
RO ENEL TW i,

LINFAFOEIHE L TORTEMOEEER 6T O, w2+ EHETHTNTF
NFEREEAENTTIFOER (W15um) O D/NSTTER (<5 um) EFEIET
Wi COTERHE. BERNCETEL TOAMOEAEMOTLN EXBLTHREIET 5 ENTE
Bdhotee k3TN FAFRUEFHIANFAFIR, YIEIAT I aPrAFET 2O

WAEFATVSE L ERB o120 IVTIANFAFOMKITIR, FATHFIE A5/ FOTEH
MFEL TV,
3—3. TIINFRFOHEEE

<2 3F+00EHSDIER. 1 EREIC0.5E~ 4 BDTIEEZF fee T ANF AT IRFRT 6 By
EA OF% 4 BEE Tog I FIBHTEL TOi i, <A+ F i 1 BISHI0ERE T
LIRET B ENTES, LEMoT, voaridl Bicdiad L 5B S0 & FITIZHEKRL0
Bl A FRFICHIEIN T W, ELHEETE S,

A. 3—2h5. 5UFLCELET IS OFBRICHE L TV TEREIITEESR (n=
95. 0KIDHDIREMo1) Thotto H-Ti BEAETRTORBRIZIANFNAFHEINT
WiekZEZ ohb,

3—4. EBHOBVHL (FrY—F—/8=)

TINFAFN, | BEOHIERITCHESRICIE S & 2TEMEIE. FHTDERF & 3RERTHEmL

10D L0 EEL Tz, HEIRIHIEFig 23ICR LT,

w



4. ZMCRIZT I UNF RFEOHE
4 — 1. WEMBRGE
1) IS L IEnso st
RUNFAFRIERFIET 5 EIc & > Te v 3+ ORBEICET 2160 O ESEM A Fig.
UTRUTze BRIELITBIC I Yoo M+ 3708 1 EEATE L 7218 HEICHE L - TR B 10
BELTTH > 72b%, BREELBWIEDBAICRY0ETH > 12, FSThNFAFE I+ A<
WNFNF TR Bttt U7 TEOREBIC I TH20BDTEMARE L TV, 20 28D <
FNFR IVIINNFAFO 2EOMEIEREEA T, BELTOWEWIE FS <l
NFARFRLEEAES 2 & HEICRISMEOTERNLE L, FH AN+ FDEEICIE.
RIBMEDTEMDNE L T e, AA TN+ AFOIBA I, BIEOFRIED Y 15 < 11008
OIEBME LT,
2) TEYEMR O
HEBUCATE U7 TE B E BRFLICBE U 2 1B B R OBIR £ ig. 261079, BRFLICEREL
FAEREMERIZ, <N FNFRERIEN EMFIENZENT 5L 550 b, FEHOL
EEBLIEZDOENREN- 1,
ENENDOIMNFANFREIZOVT, BRALICERE L - TEMEHER EETICHEE L, 169
Bol EMEMEE) £Fig.27a) IRLi, COREBTANFAFREICLLEVDNSD.
S RNNFARFRMOEICHENRTERICEN > 1o 1. AN FAFRMFIER +HF
TEEER LIcL & (TUDLLEUEOILASELIZL X)) L0 bEASHNCED -2 (Fig 27
b) o FIRMNFNFRUFHTNNFNFHBREE L 1TEEFTEL FIBEIC L. TERYS b
BRROVRELS L ot —H, AATUNFAFREI Yoo A+ T3 BkE L 1 TEESHTEL
TBEICIE C OEIREL LI -1,

3) HERLETEROHE

SVRINFNF FIINNFNFROEFHIANFAFICL D | EESTEOREREL.
TNENIT~42%. 19~32%. 15~19%TH~1- (Table7), Btk L1-TE~ 1 BEHIEL 1184
DFERBIZ. ZNENI5%. 50~56%. 39~50%Tdh - 7=,

S RNOEHETFHEFiIL 28I T, I VTN F AT, FSTANFAFREFH <
NNFAFO I BRATEIC & 2 THIE. 22l T 1fE. 1L9+1. 3@, 1. 1+1. T
Botie THAINNFNFEFSTUNFNAFOMDE, WRICFHTNFNFE I bo
WNFRFORBDEIZFEETH >7: (Fisher's PLSD: p =0, 0045, p =0.0043), </l \F3
FRICRD S, BUEOTLEHTEL 7IBEOHD, B L7 TEL D bREEEBFHAEEIZE
profe (Fig.28b) « p <0.000D) o BHIFHTANFAFRY b 52N +AFFEFEIC L
EROMRIER LI, L, YT ANFANFIZonTi}, BREDTEE B L - TEDER



FEETI3Hh -7 (Fig.28¢c) ).
EDZNNFNAFREDIFEITIR, 1 BHTEOEERIIBREATEOHKERL D NI D EH, - 12,
2EBATELLEDIBE IR, < ANFAFREICK S THERHIUS~55%FTEF L (Fig. 29).
BTESEIZHNINTIINOEICL > TEN D -/ (Fig.30a) | Fig. 30b) ). &k
A2ZHMLTTEIET (TROBREELTEORET) OFHETFERIE. R+ BRIENEZ
MLTTELET (THOLLRELTVWIEORET) LOFEICEN >/, BTERICIE, &H
Lo A"FORIcL->THEVHIR LKL Fig.30c) )e I¥TIANFFO1[H
BElc L > TIESNAETFOERIZ. P TLIE L0 ThH -7, £y FSTANFTNAFD
BEICIZ2.4+0. g TH » 1o, MHEIEMDSEZH LIz ZiciR, BFEEN IS 2 FN
FOIFEITI3. 9] 2ng, FATANFAFOBESITIEL 3. 2ugicE THMLA, 2~ b
—VOFEEFERIIL. 413.2igTH » 12,
4 — 2. HEREE
TNFNAFICE > TEOH I W B TERBEHRE T 270, HORIZEK - 1 TERBERA 12,
TIANFNF DFTCSEE EBRAETEE & OBRETFig SUTRY, TEMEIIHTERIBHIER 512>
NTHEERRD Lz, EOTUNFAFOBEICS, 2RIHOHETEEAEDTERIESH S
hiz, bSTNNFAFICL > TEUCHEINATERORIZ. o 2BEO < INFNFILL-T
HEUHINIEHREL D BT



(5]

1.

z B

vV IaFOERES

1) FEFEAOEIFAS

TTAFRBINNFNFEEEOT, TANOEREBEEIRKEVLILEZ SN TWS, L
Bo, EFY A X, TEOKRZE, TEOHALEEERNELVEOT B DICEETHEMOF
(Campbell et al., 1991; Thomson et al., 1982), MIRBEAAIEL TAHSZE, v I FIZH
LI EREROK20% 2 TEFHREICES LTV, IhEMO—FAERE BT 5 &, L
{¥FagopyrumITEENICTEPHE T2 &L O FIEHE MEKED20-60% B L TW5D (Iwaki, 1956),
TULHMO—FLEERL NS ORFREFHEBRECREA LTV EDITREVWE > TH
%, (2= a+OIERBTEHICERMICIIREC RATHERERICU B EALBL, TERIEL
AETKDTHEERINTVWE I D5, )

2) EVORAOES

i

T T 3FREFEEYLEOT, ERPRTILT L HREVSLEITV, ERIZ, KB
EAFERDOS06EMNKE L TO A, BITEOBEICII30%IcmD Lz, Thio—ELE
AELHBTBE, FAEYOY A 7Y Tid, 40—-50% (Simonis, 1941) . FagobyrumTid. 40—
60% (Iwaki, 1956) THH., v I F RTINS EIFLALFBETH S b0 b,

=7 REANZRARENC 2109685 L. REHROCEIELICIE 7 %8S LT (Fig. 10b)
D6RABH~9A3IH). vaV A7 HIIEHED0~40%%E5LTWA (Simonis, 1941) A%,
Fagopyrumiz Z DEERE U TL0%RBOER L MBS L TWEW (Twaki, 1973), Ff. VY
TV URKI0%. I VYNTIE6~18%%ES L TWAS (Shinamura, 1996), << I+ D
BREESREZ—RO—EABYOFEEL D bFMicDiinE WA, BIEE CHSORE 4R
KESLTWALEEZ SN S,

IEIENEMOMEBLEE (BE) £EET 0. T/RIL FHBEEORER i
HEORER) P LIFLEAVLSNE, v<vI+DOT /REIZY (FEER) ~13 GREHRUE
JEHD THB, COBER—FEEEYE L TIIEBOETH S, << I FILESEBYITIED Z0%,
ZOES ¥ AT LMIFFER—FEEENEIJZF L TH > 12,

. % 0E g X

TTIFEBEMEEHRL L ZICRBETEEETE U 1, TOC &3, HEEEFHI R
THCHNTED ., BEOLDICEHENLETH S I LABKRL TV,
TR IFRBERMEHNDH S, BRI > THETAEET 508, KW AFOE@ENH 3,

HATINET 5 2 HOTEAE CHICHIEL. & 4 @280 FHICHET 20T, FICHIESH



I BAREREN D B, - T, HEHMAHERE S L3, KOS OBFELEET 51-0ICEFTH
5LEZ N5,

ADFETHEZHEIT > HTEOFEERIZ., Bicar bo— V& D{ED -7 (Tabled — 1),
BEEROSDIVEHERHSMIT S0, BEIZHEIT > 1 IBE TN FANFHGHTEL 72 TEDHEH
%, EAUBTHEMBELAVTHEEL (Fig.25), BWHEIZMCX . 2HOTEMEREICOF
B, BERINETERDTNTH e —H. TMNFAFICE > TERINLIETIE, FLIREL
(papillae) ORUCEHDIEMNADRATW ., TOZ EF. HHEIZMNI EFLMER LS K
CEETRELTVS,

—h. BEZNOHAOETERRUIENENE L. thRZHOBE LD FICEDL 1 (Table
3—2), LA-T. w7 ar3hgEZMNEHFUCERNSLLELONS,

3. FATEIRFF & EEFEDRFR
S/ O HIXBATEMER IS » THRID T B1EEIN D 5 Z EHBHE ST - 12 (Fig. 16) , BBIEHER
EUO<<arBEOERELT,. ROLOKBIFONG,

BEER : (1) XHFOHTURE ; 2 thRZHOBK
EHER: ) BTEEF ; @) TEOE

() ZEOHTEIEE
FREHITI. BITETRICIZ = AN FAFORIIDIIV,, FHNCEITET 3 2 EDTEIR. ZDKIC
BATET 2TEL D bZ K OB FEAEL TWeDT. COERIZHRTE 5,
2 HERZHOBS
BITERINICIZ 1| EUAhOTERIZ DIV 2D, = N F3F 138D SEEANBTEL . thFZH
OREEHIZELN D LNIIV, I EICHIEDRANTN S 120, QOB X > THILSH
DBENRIZD. S/ OUNERIERNFEININEGEIOERI O IZ. Z0 X5 IMEARNIE
Moty COERRBESOEIAHRTEIERBTER L,
(3) BATLIER
BBV ITER L D E L OBFOIF 3L VI EZ 2D BT, BIOKERVHETH 5,
TDIES02XAHEYRL, BB T 2MEBL b - EBOVMEICEA, Thick > THER
PHEIMTHIE, v <aricd - T TRYNCHTET 318 BNEELEER 5. AAKEBRET S L
L& » THREICEERNEMT 2 & bHaER o5, b LEERNEMLIEO - 1E oW,
TEOHE) HNEETHS I EITH D,
4) TEDfrE
YT IFTETOMEDIICLDE ODERERES T 1EENRH 5 E VI EZL 2R T BT,
ETHANRID EEROERNNETH 5,



Fig. 16T, I0FHOMNBOEFEONEEIEZ W, JOMBIIENRME TR, &HOE
WMThiL, ZORFARFHETH 3,

4. TEMHIRR

<2 aF+DkE, 1 B b 5EFFEIh T L, S FLH T Y U7 LI TEDHEE
IIESEH50M (n=25) OIEMAMNEL TW, - T, BEAETRTOTENRTANFAFICL
STHtaniEEZA o3,

EBHIRN D 20 E S IMEFEET 5720, B OMEENERFEEINIAFFA~NTE TN FRY
X=2a v EIlEERELTVWAS, EMGIRVPHEETHIE. N FRYUR—~va vETH2E
THREENEMT 3T THS, Lhlewarid. "YFRYR—VardBIEicd-THE
i LSt

- T, BARREDHEN S, ZOFBEMICIITERGIRIZE > e w1,

5. RTERDOERE S

COFBHTIRIEMEIR IS, 2TOEIERL. 2 TOMREIAL TEFICL DI TR
- to, BRIREDO w3 +OFRER, FER, S/ OkizzheEh, HLH#V59%. 31%. 18
%ThH-1.

TROLERKETIE. UXOTEVER LU -7, INSDOTRIRBEBIEEELI SN, £L<
DHEYBRDBEILERNE TV S, ROLIEEGIE ZHHIZE  OFREICL > THRINTE
foo WORUTOL S IMREGRERR L. RIEEBREIT->TWS, (1) HOEIERE. 2 GHRHE
i, ) V¥—TRS. @) FREODHEKRG. 6 BEORIRMDHERG. Sficii->T, {80
HEREREIC DO TR T AARENEANDIRFEEIFFT 2 ANE B -1,

ExDREHT, bLLTHBEFENRD -7:5 (CHIZVIBREROR DBERXFETH 1. &
BIZ 2 DDTEL KIS W - RIBED L H ) | $HERE, BEE. S /OHIL89%. 52%. 46%1L
ETIEMTETHAH S, TN TOHREEDAK THE T VD TN, EREIZI0% E THENTE
BT LICHB, - THRENRINE, w73 F R BOTRTARRIEEEEIEH 712, &
foy VIREBZNE L 7o RO BT, FEOBEOBETLDEN -2 (Fig. 19, ThoDiER
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Fig.1 Structure of Melampyrum roseum var. japonicum

Usually each node carrys two branches. An inflorescence consists
of from 12 to 20 flowers. Flowering begins at main stem. The
lowest two flowers open first, and then the others in sequence
towerds the tip. Numbered in order of flowering.



Fig.2 The Pass of Inukiri in Enzan-shi, Yamanashi
prefecture.

a) Inukiri Road side (IR,1380m).

b) a site halfway between Inukiri Pass and Nihon-Nara
Hill (NH,1520m).



a)IR site

{70 T

46.0m

12individuals/m2 in 1996, 200individuals/m2 in 1997

b)NH site

45.1m

12individuals/m2 in 1996, 20individuals/m2 in 1997

Fig.3 The two study sites where the dominant species
was M. roseum.

a) Inukiri Road side (IR,1380m).

b) a site halfway between Inukiri Pass and
Nihon-Nara Hill (NH,1520m).
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Fig.4 Flower structure of M.roseum var. japonicum

a) (1)corolla length; (2) corolla tube length;
(3)stamen length; (4) pistil length were measured.

b) Results.
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c)
d)

f)

g)
h)
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h)main

/4,
N

"y

e) f) g) h)

Fig.5 Experimental design of resource limitation

Normal plant(=control). The main stem Wwas cut and
two flower buds in each branch were remained.

Four flower buds in each branch were remained.

Eight flower buds in each branch were remained.

12 flower buds in each branch were remained.

All of flower buds in each branch were remained.
Only main stem was remained, i.e. branches were cut.

Four flowers of main stem and all of the flowers in each
branch were remained.

These treatments were performed on 10 individuals each.
70 individuals were arranged separately.

Approximate number of flowers(mean),
a) b)) o d e f) g) h)

in main stem all o0 0 0 0 0 21 4
in each branch all 2 4 8 12 all 0 all
total 130 15 35 49 41 38 21 35

remain% 100 12 27 38 31 29 16 27



(1)
(4)
(6)
(8)
(10)

(2)

(1)

1

Fig.6 Body-parts of bumblebees.

Glossa length. (2) Prementum length. (3) Head length.
Head width. (5) Thorax length (dorsal part).
Thorax width. (7) Abdomen length (dorsal part).
Abdomen width. (9) Wing length.

Distance from the median plate to the proximal end of the
radial cell.
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Fig.7 Foraging trips of bumblebee species were categolized
as follows.

a) Flight within the inflorescence.
b) Flight between branches.
c) Flight over individual plants or farther.
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Fig.9 Development of individual from May to September.
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Fig.10a) Distribution of biomass to the different organs
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Fig.10b) Allocation of dry matter within the plant.
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Changes in number of surviving plants
600

500 r
400 r
300
200 +
100

O 1 ) i i 1
0 20 40 60 80 100 120
Days

Total number of individuals

Changes in number of surviving individuals

150

o
o

Number of plants

50

Days

—¢—28 -—#-32 —4—60 -+-76 484 —e—96
——100 8-152 —6— 172 —— 444 —&— 528 —4-572

Fig.12 Change in the number of surviving plants.

a) The total number of plants in 3 m?
b) The number of plants in 0.25m?2
Legend indicates the number of seedlings at the first day (/m2)



surviving rate

Relationship between the first density of plants
and surviving rate

O 1 1 L L i 1 L L ! ) ¢ L L {
5/ 5/ 6/ 6/ 7/ 7/ 7/ 8/ 9/
22 29 13 19 3 ~ 22 31 24 11

date
©28 w76 496 172 0444 0572
Fig.13 Relationship between the first density of

plants and surviving rate.

Legend indicates the number of plants per
m2 at the first day.
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a) Nectar volume

4.0
3 3.0
@ .
..g 2.0 n
g §
= i
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flowering stage
b) Weight of sugar
=
§~ 1.00 ]
=) i
oo 1
=
v  0.50
] .
- 1
e
-ﬂ -
SED 7
£ 0.00 —
= 3 4 5 6 7

flowering stage

Fig.15 Nectar secretion with flower aging.

The number of horizontal axis refers to flowering stage.
1&2: fist day, 3&4: second day,
5: third day, 6&7:. fourth day.
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p value and mean * S.D. (n)  * denotes that the value is significant.
1 ] 2 3 4 5 6 7 8 9 10 i1 12 i3 14 13 16
116232048 273
0.0434° 10.2030.18 {260}
3 0.0040¢ | 0.3562 10.19£0.18 (228)
4 0.0008* | 0.106% 0.4827 10.18%0.18 {201}
§ <0.0001° | 00173 | 0,1368 04271 10,1620.18 (172}
(3 <0.0001° | 0.0028* | 0.0320° | 0,1405 0.4844 10.15+0.15 (141}
7 <0.0001°| 0.0056° | 0.0437¢ | 0.1554 (3.4687 0.9303 0.15£0.16¢101)
8 | <0.0001*| D.0ORY* 0.0516 0.1582 0.4349 0.8434 0.9124 0.1420.14(76)
k] <0,0001° | 0.0079° | 0.0416* | 0.1231 0.3394 0.6837 0.7533 | 0.8426 |0,13+0.15 (62}
10 0,5023 4.7330 0,4146 09,2333 0.1018 | 0.0415° { 0.0436* | 0.0437° | 0.0349* 0.21£0.20 {38}
11 0,0031° | 0,0340° | 0.0872 0.1678 0.3263 0.5471 0.5934 | 0.6364 | 0.7722 | 0.0507 [0.1240.16 (25}
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14 4.3786 0.5960 0.7162 0.8191 0.9480 0.9269 0.9096 | 0.8844 | 08333 | 0.5347 | 0.7422 | 0.8741 | 0.8574 0.1630.15 {4)
15 0.3826 0.5314 06117 C.6808 0.7677 0.8544 0.8673 | 0.8861 | 0.9239 | 0.4877 - 0.9060 | 0.7144 | 0.8379 {0.1320.18(2)
16 0.5362 0.6575 0,7150 0.7704 (.8340 0.9864 0.9055 | 09188 | 0.,9458 | 0.6192 - 0.9313 | O.7870 { D.8741 - }GJ](H

Fig.16 Flowering position effects. Position of flowers

was numbered in order of flowering, from the

lowest towards top.
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Fruit set

n mean S.D. S.E. 1 : i
a) 20| .577 .103 023 L 1 ’_L
b) 10| .889 .070 .022 .87 7] i
c) 9| .800 084 .028 1 i i
d) j0] .640 070 022 67 i B
2) 10] .502 .248 078 ]
f) 10| .455 1781 056 4 ]
g) 10| .649| .252| 080 | i
h) 10| .5s0] .112] 035 27
h)main | 10| .843 .260 .082 0 ' N '
a) b)) ) d) e ) g h)hman
Seed set ‘
n mean S.D. S.E. L
a) 20! 307 .060 013 i 5
b) 10| .522 .054 017 -8 ]
c) 31 .373 .059 020 6 - i
d) 10| .401 .047 015 ’ T
e) 10| .331 .065 021 4 B
) 10! 344 .101 032 1 v
i jﬂjﬁﬂ |
h) 101 .403 052 0161 - ]
Mmain| 10| .469 .094 .030 g -1 . .
a) b}y ¢ d e £ g} h) h)main
Seeds/Ovules
n_ mean S.D. S.E. 1
a) 20] .77 .048 .011 ] r
b) 10| .462 047 015 8 -
c) 9| .302 072 024 1
dy 10| .259 052 017 .6 -
e) 1] a7 .092 029 1 _ ]
f) 10] 171 .081 .026 4
g) 10| .206 117 .037 ] ]
h) 10| .222 ,052 016 21 i
hymain | 10| .401 134 042 wﬁ , ﬁﬁﬁ ﬁm I
a) b) cy d) e 6

g} h) h)main

Fig.18 Comparison of fruit set, seed set and the number of
seeds/ the total number of ovules.

a)Natural(=control).
bj2, ¢)4, d)8, e)12, flall of flower buds in each branch were remained.
g2)Only main stem was remained.
h)4 flowers of main stem and all of the flowers in each branch were

remained.

h)main: results for main stem only.
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32 5.981 2.128 .376
14 6.350 1.478 .395
25 6.164 1.412 .282
4 - 5.425 1.372 686
24 7.179 1.959 .400
26 5.938 2.042 400

Fig.19 Comparison of seed weight.

a)Natural(=control).
b2, c)4, d)8, e)12, fHall of flower buds in each branch were remained.
g)Only main stem was remained.
hY4 flowers of main stem and all of the flowers in each branch were

remained.



Estimation of bumblebee species ratio

1996

1997

L L | 1

0% 20% 40% 60%  80% 100%

B.honshuensis B

B.diversis [1B.consobrinus [JB.hypocrita

Bumblebee species ratio in the study sites

Jul-95

Aug-95

Jul-86

Aug-96

Jul-97

1 ! L

0% 20% 40% 60% 80% 100%

B.honshuensis & B.diversis [JB.consobrinus [1B.hypocrita B B.beaticola

Fig.20 Population of bumblebees around the study site.

a) around the area.
b) in the study site.



Fig.21 Foraging positions of bumblebees and The part
where fluorescent powdered dyes were deposited.

a) Nototrubically visitation. Fluorescent powdered dyes
were deposited on

b) pronotum of B. honshuensis.

c) vertex of B.diversus.

d) frons of B.consobrinus.

e) A flower visited by B.hypocrita.



Foraging trips of bumblebees

B.hypocrita

B.honshuensis

B.diversus

B.consobrinus

0% 20% 40% 60% 80% 100%

O c:other flight
B b:to neighbour branch
a:within inflorescence

Fig.22 Comparison of foraging trip of bumblebee species.
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Fig.23 Pollen carryover by bumblebees.



100 -

&
= 807 [
|
=12} L
o - L
= | i
= 60
2 ]
St 7 L
.
g 40- "
g
=
:: o
% 20 “ i

0

POLLEN

[

B.honshuensis ; non-treated
B.consobrinus ; non-treated
B.hypocrita ; non-treated
B.diversus ; non-treated

B.honshuensis ; emasculated
B.consobrinus ; emasculated
B.hypocrita ; emasculated
B.diversus ; emasculated

[

Fig.24 Comparison of the number of pollen grains deposited
on stigma by a single visit of bumblebees.
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Fig.25 Pollen deposit on stigmas by using SEM.

a)b) no pollination: stigma of flower bud.
c)d) hand pollination: stigma of flower with white swellings.
e) f) bumblebee pollination ( Bombus consobrinus).
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a). P<0.0001

The ratio of the number of pollen tubes to the deposits on stigma

A
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b) P<0.0001
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Fig.27 The ratio of the number of pollen tubes to the
number of pollen deposited on stigma.

(a)Average ratio for bumblebee species.
(b)Average ratio of non-treated and emasculated group

(c)Details of (b).

(d)Copmarison of treatment with respect to bumblebees

Error bars indicate S.D.
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Fig.28 The average number of seeds in a capsule.

a) Comparison of seed set with respect to bumblebee species.
b) Seed set of nontreated and emasculated group,
¢} Details of b).



Relation between visiting frequency of three bumblebee species
and the number of seeds produced by their visiting flowers

B.honshuenslis B.diversus B.consobrinus

visits [mean| S.E. | n |mean{S.E.l n }mean| S.E. n P

1 1.5 {024 123 | 1.2 {025 27 0.6 {015} 27 {0.017
2 2.1 1019123 )] 1.8 [0.18] 29 1.8 1] 021} 28 | NS
3 1.6 025125 | 1.7 |0.24| 26 1.8 [ 021 ] 33 | NS
4 1.8 1030120} 2.3 |0.25] 34 2.1 0.22 | 38 | NS
P NS - 10.019 <0.001

Relation between visiting frequency and the number of seeds
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Fig.29 Relation between visiting frequency of three
bumblebee species and the number of seeds.
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Fig.30 Comparison of seed weight.

a) Mean seed weight of A:seeds pollinated foreign+self pollen(=from
non-treated flower) and E:seeds pollinated foreign pollen only
(=from emasculated flower).

All of the flowers were pollinated by a single visit of bumblebees.

b) Comparison of 'A' and 'E' pollinated by a single visit of
B.diversus only.

¢) Comparison of mean seed weight between bumblebee species.



The number of pollen remained in anthers of a flower (n=12)
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Fig.31 Pollen removal by a single visit of bumblebees.

The number of pollen ‘remained in anthers of a flower
were counted.
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