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Studies on Year-round Rearing of Japanese Native Bumblebees (Bombus spp.)
for Buzz-foraging Crop Pollination

Shi-ichi ASADA

wOW

W, BEEECBOTHBAOIZLEELTWDE
BEREER@RIR=5-)Z, EOORY R—al &K TF
FTHUSM, ABANIRY R —F— 2 F BT DE ML
BoTWD. ZRIZHEY, RIR—F— DA ELIL
KLU (Free 1993) 2D THLEAIWUIY T (Apis
mellifera) (%, 7 AV 71 & RE TV THERM 1622 H5T{E R
NOHBHBRREEHT TVDHEHEESATWD
(Southwick and Southwick 1992) . I/ /3F 1%, N THL
MiREAF =, Rk AT DIz, Tl ORBHEIER
HRERBROETFAEICLAMNENT, BEAEICHML
T&(AA#BITHHOHE 1999) . ITF MR =
DERIZE, RIR—F—DOEEFHOEERLNHE-S
TETWD, ¥ FEHNao=—TEHFHL TS ESIVI
YARFUL, TNbD=— ARG TEDRYR—F—Th
HEER, IHIZBAIUVIVYNAFIL, EHFOIEDOIE
ZEELEY =2V AN ER R THHALIEE R
LCWDEBEEZLND (IAF 1996).

—HT, BAFUIYNRFINLRY R—Tal RO
WRYFR—F—, HLLE, BT IV ARF IDL Ll
YR—F— DR ER B TETHLEDLHS. LK T
3, BHELLTTAZ7 A7 7 B3 RIEESN TERY, EDE
BN EAIVIVARFINET AT AT 7 AFYNF
(Megachile rotundata) DRV F—al-hEBBWVEXN
TW5 (Richard 1987) . EHIZZDHE-ClX, TA 77
T NFINFEBORIETHRES®ETEY, 7775
HROHEFAEITLRIRASNTWS.

ERNTH, Vo IB T A2/3F (Osmia cornifrons) H’
FIRAEShTHS. YD RY FR—2ar DEBADF

I TIThTELER, FRROV TEEENLL
EBEDONFRFTHHAAFORBIBEE-T-. L3
DIVAF TR, UTEO TR, RELEMAAD
EIUCETHIET B0, IRBAIRFIHE2LRVERD,
T2 R—a PIRIIHFH TELV. ZhiZHL~
AANRFE, BAIUIVAF IOLITEERNEL, BEF
A2 Y REBR 1350mE X TVWBZ LD (R 1993), [E Ht
TLICEBREREBREBEIAE, TAETAOEBTERY
F—TarhREMSGETHIENTED. AT, ATEE
BRUCBRILERNICHREBEIN, SOIZHFLERTIRA
ToERE, VoIORERICENICH -2 BiGiE
RETHIET, BEOAaNF 2B HOBE THA
LARNOHEFRFTDHIENTED. EBIIPAANRFOENE
HREODHRBLIOKRBEREOHENRTTH(LE
D 1984), Vo T BIED EEMTESERTHIELST
Wa. T, FUAT L=V THeAaXFOR B RER
EN=M, RYF—avDRRIZHZLOD, ZALOH
BTARFOAINFEREETHITIIREBRTRRL
TWHEENTEY, EERH~DERIZITVZoTH
22V (RITE 1985) . Zoofhict, 74 b NF23F (Nomia
melanderi) 72 & OB BYED N F A_FFIZHONTHHR
IR —=F—LLTERAENTVWA (Free 1993). ¥/, AA
CREBTERWEEDNABMB DN F U F L
RAFIRETRIF—arRBRBLENTEY (AR
1992, X% -Boongird 1997), KUY Rr—F—DERAHFEL
Bl BRERETWA.
TAIYIVNRFERYI R =S —EL TR TELRD -
TEMDOLSEL TR NFEHITHENS. b=k
(Lycopersicon esculentum) DIEIL, AR DT O PR
MRTHIL TP HHINS. BEHLRRICHETEA
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WETHILT, THMTONBIES, HEWMRIREIC

Lo THDEIBO/NILNSIEHR BTN HIZETLE -

VT3 R TRSICRAETIILND, REDH
LR E>TOESITRBIL, TR THIENARET
b5, Tz, BE, thEZOWTFRLTOERITRETHS.
B A TOIFIER RIXEA B NEEHShTVWA (R E
1998) . LU, MERRRIF T2 -/ M T, BHRIELD
LERENPKEUETL, KIR—2arOLEENER
A, MERbe b ERIEIFEITIRER2ODOHIE
BEBNTER, DEDIE, ABMICIEZRBISETRH
XEHFHETHY, EITHRM, JEXKITIER o7, i, A
ATV —F—DBERL, ZHIZEDHRIEENED o7,
LHIVEDDFHEELT, A—F A FERICHB D5
M5B, Gustafson (1960) (k> TA—F VM RE
DHLEREZFRTHIEVELIZEIN TR, JVE
DIMEOBER TN, BETIE, F/na7= /%
VEEBE AL LI, BRODOFRATREL TRANLS
NTWAB, EITRVELRIZ RFTE A T30,
A A TI960FERNOESE R L TEEM, ZOHIETIE
ZRBORENBELLS, ZRRIE, RERBLURE
HOBZERPHERORELRRIZLY, REMLIE
EROBEOARHBENREL, FENICHITEEELE
RETHD. ZhHDOFEDEV, HEEFELEX
fo. BHERBFETHE, HEORENZHICEL TS
VLERHHILENS, FHORBRIBEZI12CL LICER
THHERELN TS, —F, RAECFILBE T, B
ARERTHETIIUND, IEORBIZIRHIVEET
BRLEHRRN. RVEVEIZIZBEE L HERHEZ
L MMEORRELVIRETIRERMGCT DL, &
FAROBEENERBREDENS, RIBEX#8CEE
TEBTHIHENRLLONTE .

#1Z, Pinchinat et a/(1979) 7%, b=bDOF i F4AEE
DREIZZNANNFTAF OFHEITHRHRATHDIZE
A8EL. £0%, Roseler (1985) A3, #A3v At 4=
NF 3F (Bombus  terrestris) DE N E THOIEKIBQR
B, BLUZE{LRFEREZLD 2 % OKRIR B8
WEBELE. ZORATRLVR—, A5F %P0,
ALY F T NNFRF OB KRNI E
L&, BERr<hORIF—F—LLTREICHERLE
(i 1995) . BAIUAF N F23F1T, b=rDTE
TROIBEHITHELD, HRBIZHORROIER ZEF
#£9%. Banda and Paxton (1991) X, A3 IV, 3FL
TAIVAFIANTRF ORI FORY R —F—L
LTOWBRBREZITV, BAaVA A=/ 3F L0

HROLBRYR—F—THHLERALNIILE. BAIC
i, 19914 ICRBRICEAIh . BAROHER MM
BT, IR0 LB RLVEVANBIZE->THERIE
BEFERELNTWENR, 4304 F T3 F %25
AT5ZET, RVEVRILBIZDIDEESENET
EHLEBIZ (A 1993), XMICI > THRESEDHILEN
LERMROBEEXMIBILNFREL L7 (#E - BN
1992) . D%, EBAN~DO ¥ KIZ2EITEL, 20014
T, 58,000 0 =—AFEHML TV D EHEHINTND
(Mitsuhata et al. 2002) .

LHL, 2NoDeAIUAF N FAFRIERDG
L, BAOEBRIZBALLGEEDIRAI B ERHE
- (migE 1993, Ono 1997, %4 1998). FEEEZ, 1996
FIZRABETARDEK FIZEAIVAF 2T
FOERBBERENTHD (WA 1998). &b, ZD
HOPET, dbilgE, B8, WWE, BE, Bl BREL
JUEERESBRTEAIVA LN NFTNAF RN T
BRI fth (Al 2000), EARTIXEAIVA S <
NFRFRFAENTWRWEFT TORETZELDY,
BFAABBERIN TS (EHH2001). B3t~
NNFRFREFERLIBEIC, ERDIERR, B8
BT, BAGH RS TERBLEETHILN TSN
5. EBROBRNTHYER) X —F—DOBFRITED T
BHTHY, TNTADBILIZEZRHOA—FF—H
WABBEMBEV (Kato et al 1993) . ZD X572 MFE D
ZHIieRY R —F— 2 ABBNCANDZ LT, HHRR
THELEREOBEERBICREL RITI/51TRE,
ENODORIR—F—ICZHEERFL WP HICE
BB % RiET (Washitani ef ol 1994, E2& 1998).

4 (1996) X, = A A <= Vs~ F 23F ( Bombus
hypocrita sapporoensis) DI EskLv AT A A LNt
RNFOHGOERENTORMEEREITY, HEMLE
ENDHILEHRELTRY, BEFHEEIBEIENTND
M3, Goka et al.(2002) DEFSRAE TS DEIAMMEIL
BERINTWRY., EBIZ, B304 F T RF
B, ZOAR=—IFETIEMELLIZBMASN TS
ZEBRALMT ot BEH (2000) 13, RFESATVD
A== ZFEL TV TN FTRFRY)TF =
(Loucastacarus buchneri) #FEFRLTW3. E£/=, APS
(1998) t%, Nosema®l DRI F BIZEBEL TS EATY
FATNNFARFOan=—EHERLTWAS. BRED
DEAVEROREBLEREOBKEICLOTH
Flbdy (A - KIR 1996), EEFFSMILBL 23
DA FTNNFTRFPERBOBERFCRITTREL
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RSB ANLBEIhTVA.

R b ST T CloeAfavd AT RF
RIEKERLTEY, EAEHART2EEL BRI
V. TTIZT A S RE T EAIUA S AN FRF
R AR, ACKAEIFED Bombus impatiens® Fl %
175 TW5 (Thomson 1997) . /=, BRIND KFEELHF
V—HBEOEAIVAA2NNFRFEHTO, v/
H T FAIDNAB L O Iba RYUTDNADE OGS, Wil
Mo BEHRHENALILLRY (Estoup et al
1996) , 1 V—3& B TIX, B. terrestris canariensis 5
AEna L5727 (Van Doorn FL{E) .

ZIT, MM MR Z BT BRY R — & —F FH
WEENPLRYG, ARBTHLIEAIVA A~V TS
FIZEDLLIRY A= —% AN T2/, BARERMD
CANTAFEERATEILEE L. BARERMED
PHANFTNFIZONTIEF LR LI LA EY
BB AN OOMRITHILO0, [EAESIZRLA
T, Ono et al(1994), /1N8F (1995) A3 A </ F
RFDOEFEEF FEIZ2VT, Hannan et af. (1997) 78, 7EX
OO DDEBEHIELL T, 70w NFRFD
an=—OREBERBEZREL TV IRETHD. AR
T, BAERBEAANTAFOEALB LUK
b TOIANFAFOFHEROLEETEBEL, B
1T, EREICHEZERENTOWDA A =T 235
Lo ANt AFOBNTO R ERBAERTOMRE L
FUOZDEBEHRFRIZOVTRLD. FIZEREHH
HRENTHHan=—RNEDLITHRENTVLDDIZ
SWTIE, BAERBTCOMRIZIZLL, HLMTT N
EZLIXE V. F2RTE, RVR—varois A%
P, FERBEANT AF ORI R —var PR, K
BRI POFEEASRIX—Tal PHRICRETRE
IZOWTH#RLS.

F1E AN FAFEEIUYOTILNF
NFORAFFTELAO=—DOREER
L

MES T A BB — ORI, v TFAFIE,
ﬁl:ﬂ@b\faﬁbtﬁﬂiﬁ?ﬁ1§ﬁ’("”é"%b, EbEKIZ
MIT, HEFREPOL, RBLRT, BERZEDH
HE®LARGOET DT EET IV STAEFETEL
O FLERIITRE, BEETHBALL, BERIZAS.
EAIVFAFINNTFTAFREE, BRERFETCHHAA
< /v~ 23F (B, hypocrita hypocrita) , 7a<L/NF /8
F(B. ignitus) TH, FHN TEREEDIHHOL Tk
AREL, ENTHREOICERIEIZENTAETHS
(Ono et al. 1994) .

RIR—arORFFLRDMEHRIME, BAE, EE
R, MBI RBIEh, &6IC, RXTRBEEMZS
L IEEIERXBLTERBLEERS. o TRYR—
H—ThDTNNFTAFEINLDERICHETHD
X, FHEEC - ENAETEN LRI TILEND
B, F7, AL ANFRFERETHE LR
HIRIR I Z R /PRIZENZ D712, ENTOEFH
FBHNLREND. TODIZIR, AEEHFTORELL
biZ, an=—DOERBIORE NI — BB T4
EXdHD. LL, vANFAFOREIRERTHY, #
MEBRBENLOEFHLORNIENE, an=—D R
RIZET O BRAEBFEALRE DV, 22T, 8F
HAENDROFE1MDH2 A BEXIZAT v F TREL, &
BETRIZZDORY v F LB IREDOIELNT- B LR
BLUMEHE, FLEBROIRNME DT —2%BH2L
T, au=—OREZ LB AEBFOLREAOLLEITL,
AARERFEERIR—F—LLTHRTA-DDOEREETE
HEWRICETHIEELE.

E1  EATORAFMAHERFOMSR

w 8

CANFARFOau=—REREDBEIL, HEDO=
D=—5RELTABIBL, MEEETT, Loksk
DE B FHEVRETITIZE) b E -7 (Sladen
1912) . BETY, SOFEIZEST, AT RFOR
BIRATBITDNI, A4 TANFAFDIawNFA
FOXEROEINEM, ao=—ORERFTIZEATS
HFRMBITHONT- (Katayama 1971, 1973, 1974, 1975). L
ML, TRLDFEE, an=—2BALORETHED
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Table 1. Collection date and locality of bumblebee queens used for experiments

Species Year

Date (Locality™)

B. hypocrita

1996 29 Apr(Y),12 May(Y,S), 15 May(Y,S), 23 May(N)
1997 27 Apr(Y),1 May(Y),5 May(Y),7 May(Y),9 May(V,S), 11 May(Y,S), 16 May(S)
1998 29 Apr(Y),4 May(Y,¥),6 May(Y,S), 14 May(N)

B. ignitus
1996 27 May(N)
1997 18 May(N)
1998 14 May(N)

‘1 Y: Oshino-mura, Yamanashi Pref.. S: Oyama-machi, Shizucka Pref., M: Mukawa-mura, Yamanashi Pref.

N: Shinano-machi, Nagano Pref.

2, b MEEEOR) R —F —DFEIIHIGTHI LI
AEYTHD. FHhOan=—zEENRTIOTIEAR
K, FIMHEERLAIR L EMZEHIYE, I6IZED
an=— BN THAMEL, MMSEEWMEmRIIL
TEHUDT, ERBEO~ANFT AFEERGICRAT
HIENTEDIXT THD.

Plowright and Jay (1966) {%, 7fE D~ N /F3F D
BB L E%EBLARICHATREL, EREAOHEF
FHNTHREIEAZLIIRHL TV, hizhefERAD~
ST SFRICOLEEER2 (Manino et al. 1994) , k&
DRNNFAFORERFICONVTY, =a—I—F
R-C®B. huotorum, B. ruderatus, B. subterraneusT D5
PBEEINTWS (Griffin et al 1991) . 3 TIZ, =/
FNRFOEERITILCHIZLST, B1avtA =it
/XF . B. impatiens, B. terricola, 7=\~ NF DK
BAEENRIN TV, bLUTBFIZEANZET, BK
MTOBERETRAMEIIN>2HDN, BRAEFE
B ICETAMERAIL, BAF0FF A F 3T Hi
LT D (Roseler 1985, Van Heemert et al. 1990, Van
den Eijnde et al 1991) . iZ A ATERMETHL7u<L
NFRFOEFENRILEL, BV AT F
LRI~ DK BT EATIZARTER TS (Van  Doorn
). AA AT R_RFBLO I NFT F O
ATREL-EEREZENFAET T TERIEDIFEIT
IEIERESIL TV BHOM (Ono et al 1994, Y4 1996),
EFnboan=—CLEEINEFL E®RICERSES
HOMNRLBHEFBLOCENEAEFATENICETH#
Eidiav,

FIT, RKETIE, AATANTFRF, Jae D
NFORFERTORAERMELEWIZOVTHRTD. 2
B, KEOFFRIL, T TIlzAsada and Ono(1997), #ME
5(1999), Asada and Ono (2000), # H -/~8F (2002) i
BELTHD.

HHBKUAZE

(1 #atn

BA%, EIZIE ETHRETHZL WS L ESEE
LTz T4 wANFARFBLOIae L NFSF DR
H s L UMRIERS BT Table HZRUZ. WAL HRE
BRREFAT, AL EBEECEUAT, ) R BE HUAR /)N (LT T
3, WAV IT (Prunus  incisa) , IV AF = (Rubus
pdlmatus) , 57 Y %<2 (Corydalis incisa) , K%
¥ (Enkianthus perulatus) , 7’3 Flaeagnus sp.) {Za51E
LTWa & ESEZRELL. ZnOOMIE T, ftikme
LieAdAd <ot "FoMiz, awnF8F (B
ardens ardens) , b7 < /v~ F N F (B diversus
diversus) , 7 AY—=2 NG 23F (B, ussurensis), FH -
WoNTFISF (B, consobrinus  wittenburgi) , E A= LN
/NF-(B.  beaticola beaticola) , IV <N/ 3F (B
honshuensis) DA B a2 fER L. IWHEILEFERER
BT CiX, FiA DYV (Epimedium grandiflorum) , 732
BT DIa=w AT _FEFE L. AT, thiz
AT IRF, FFTANF AT ERBLE. BEFR
EARABERETIX, & a7 —x—)—
(Vaccinium spp.) \ZREET DA <ot 235, sn<
WNTNFEREOHNEHBTREL. T,
(ZARANF T, RFZANFT A FEHR L. REL
e EH%E2mmBOLEH T ZAE3em, HI4ecmD 7
FRAF I WBRBRIZIFAT AN, 50% v afEik % RIS
ZH<ERT, BRONANLBEL, ERBICHELRE-
. BENOHEREBILHELRBIEITOM, ZhbnFS
ERRAFo—LVROBICAN, B BEES TREVE
NRFFL, F-RAA, Eo LV B TERLIKFELE
BEIZFIRALe»s, BENBRED LR, EdBaHs
B Xz fReEr L.
(2) SAEAE

RESHLZ/PROFAFR (HR)ICITTH> AN, BE
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26£0.5C, ERHTOE 5%, WS T CofE M
TEHIBEHT-. fME BN R R THLA, E S
FRCRBEEITZ ST XS, su=—NOB 2P, 42
¥, L EROY TV 7 REZIE, EEEE 2
o BRI, AP R B A SR T L R i 2R
HRICRESNIZLOTHS (Fig.1) . BiF#eL, Hitay
JY—=HFRY T, BB LUK HIFIAFZALR—FHTHS.
BlEEN NI O A2 BEBLTALLIIL, %
i, BIEORMEN S, 236 bR MERRACU-
B Fig DIk TR R FEEN IS
ANz, 2R IR T 528 &0, SARnb 72—
EREELIRDAALL. RICHEEENOEREEBIMC
BERTAZET, ABFENOLEREFICANIZ A5
TWBEX2ITo7z. £z, 1A, fFE2E e BN
IR U 30% AR A IR TR IS L, HEER 1T

Fig. 1. Rearing room and air control unit

.

fifl I N O R # Type 1 (Fig.2,  §iE X 4 ¥
# 1 15em X 8em X Tem, ¥ L ZE /R B Tem X 8em X
Tem) BLOFET AL, Ono et al (1994) (ZHEL 773,
HRBRARIREIZ X, ~ =L L ToE i3 ing 3, &
EMOLTOHEMERLLL, fMEhT, K1Vyhicst
LT ERASElkg, 7TA2AE VR lE, YL B0 16g% 1A
fifg ST ERH (LLF, $EEERET) S AT IV AT
RELIIEmZ IRV, B 03, BE%G
HiRfrEhbOEERL, 165 F T LR og T
D, “LyMRIZLTS 27,

IR EOPLHE, ao=—5F KEORERBICBL
7o N D ZEGR DB Type2 (HE X BE X 7 1 24em X 17.5¢m
X 12cm) DA O B (Fig.2) izan=—%8L, kL
L ZOBRFTHE, EEICAYVYPADD T TAF w7 iR %
fHirabebic, REREEZFNELRETELILT,
T AAFOYE AR LT Do L. an
== L, Type2 B 5 O [ i O 2 EIZ A EIEL,
Rt DA EIT, WEMsEke =AM F#IiC
DT FEANLH TETLEILIIe o720, Type3d
r— 2 (Fig.2, 5 x 8§ > 5 : 32cm X 38cm X 25¢m, LA F
TF=ULEBET)IC, EEEF T LEType20 BEZ AN
7=, Type3 RO IEICIE, BAFA Mo LR EE AN, <
NS F O O K Gy B WIS, f6F iz

= &?&

¥

Fig. 2. Three tvpes of nest box for laboratory rearing of
bumblebees
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NOREERTALIICEREL:.
AEERFCEALEY By MEDR AL, RO
E¥AE T I8, HE (0% =F AT Aa—)V) L.
I, AEREEZTOMORTRSL, EA%RIC, K
MEFEE R ARIGCLA L BB L 2 sk i
Liz. R oOMRER T, HiF, BRERE, $5(2100C
T4055 W O REER 2 L 7=
Q) ERAFTTOXRLERNE
FARELESNER L= —TCEESNZH
LEBRICENEHT CHEREIEDD, EAREIIL
Roseler (1985) (THEVY, Fig.3T/RLZAR, KR, #ENE,
fAHEVST B ETo7. au=—NH L ER, BX
VA RO AEERIZ A-T2LZA T, ZThoDE i 7
Yo L, ¥ E, RSB IS 4T
fEkEy 7V 7Lk, -, Bz ET 2581
i, 1b2AZRICMEEmIcT 7N RE VT
T—F Ul A AN, BASHIET A kAR
L, Fig.2, Type3THW=r—JlC ARTHRERENT
fELZ. ZRAOAZEIZITPEE 15H LN O A F
ERW. ek, AREOYEM M T # X4k, L EiRER
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A RAGERNIZHCADIZRETHE TSRO 2K
(24 AOFENE S A RE RO, B EEERL,
AR — O RICEZEERIETILNEEINE. £
T, ARAGAEERMIZE, REROAA%E7y—UT
SNCEB T HLEHIZ, BRRANIZWS I LIZA AT

oy

Mating
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ZRODIZ, ThbDOH L ElLA AL 7 — I
AN, KBEXOAZKBICE V-, RRAOHEIL, 25
+2CIZEEL, MRBEEHIGEEL:. £, BMICE
R TRZXY, Fr—YNOEREHERIEZ. AR
BTHW=r—2cit, R RKCTRERIBEETLL, 4
AT L ERO2MEOHEE AN, kb, ZOFr—Y
LIS 133 50emdD 3L A O — 08 Fvi=33, Zoi
B0 EHHITRR0TLL-. KRYBEIX AR EL
7.

AR T HOL Eikit, LAME, 2omBE O 4L
wd =P 3em, BI4emD T FAF v/ BAEZIZR A
THRLL TR —IF 2T e FIZE ANTL O, 150
ToARz I, R—3IXaTFA/ D AT ZAT v
Z B3R (24X 33 X 9em) IZHDA R, ZOEBRAE5+0.5
COEIRZERNICE V. 2B, N—3IF%aTFA M, E
L7<iRIETH I A, A— 7L —7 TMEMHEL
T=bOE i,

BiRABES D4 1T, REEEIEVLIMERS
WTEHESROEFRERERLZ. BBLE SO Fik
I, Fig 3l R T IO RIETHEBAOA—IF 25 Ak |-
(CEMLTRY, BEREFEENEAHIT ALK
W& R, ZORISTEFBEEEZHEL, KISLAeWN
SN TIE, BEMOHLT, £FLWELKE. &t
B, IORETNZEBI LIciTok. ZORERIZKE
CLTWeEEIZoWTIE, BEEE MR L2 i 44l

Fig. 3. Flow of mating and artificial hibernation in laboratory rearing
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Before mating

Spermtozoa of B. kypocritz

Fig. 4. Spermatheca of 5. Avpocrita queens before
and alter mating
2L, REOFEELHEL (Figd) .

ks, ra=w it AFII T, BRENLIER
FHIZB T4, BXUMRIRABE F O Lo KR
oW THRTFLE. A LHEoOKSEDL, —EROK
A Tt%, TOBMEFERBIC AN, EEE BT
WEOEREEL TRDE, i, ZoHA I3
ARV @H oK REEZ TR BE{To727
&, —H T LRI — AL AW,

4) (ERNEBHRORTENE

KRR, K EME ANy — R &2 RLBLIRE L
RM&tm25+ 2 CICEHLEBEICEL, r—VAIC
L EWMEM AL (Figd). ZokiETLRE»S10H
M, PE G RGL CRE L, W20 T, Rl
ENHEEREICETRORME IOV TR L.

FPFA A2 ANTRAFIZONTH, HERIRENS
BOER S IC BT kL, A Fa—F—HNIZANST,
10°C, 25°C LERPEAYICIREE R kif, L EHAHRLTY
B —2ANPANORBELFERICIZRo7 22 HERL THH
MK D iR L. E6IC, 10°C THREr DM
ZOHFME 24 B T LT, Yav AT T on
Tlk, Ao a—2—#&Ff ] L CTREREANZ I E A |
235 10 10°C DR K] % 6 115 [H] & 24 k¢ ] T EHoilgg L7z

s, THHOHECLERIT 19974, 19984 |29 4 THR
LUt Ad A =T Flrav ot T O Ei
Iz, BRTERSEan=—, BLUEENLOEHAL
Dan=—TCHEEENHL EM TITok. -, Wl
ELA BRI O A4 FHA R LT, FRicA A =T
FiZoWTi, ZEHEOILED A fEELBLRE O 4
1EROBIR A 7=, Table 2, Table 3127331908, #
L EME, 8D L2 R B AR O P{b % o A Al

LT, RBRF—PICANTEH X ESOERTLIC, T
BoRAmPRHLEL. 2512, BARD2EAMWT, £h
FENOMENSEE Ao R s EgoFE42 54
2HEY, RRELLOCHKELEFOAFERYFE ot
T L7

Table 2. Age of 5. hypocrita queens used for mating experiment

Age in days

Number of queens Mean + 8D
15 73 +=2.3
i 7.8 =10
17 7.8 £=5. 1
5 9.8 +1;6
8 10. 6 +2.0
18 10. 8 =2 9
14 13.8 =5.8
8 16. 1 +=2.3
6 17.:3 +5. 2
7 5.7 +3.7
10 8.2 2.1

Table 3. Age of 5. Avpoerita queens used for artificial

hibernation experiment

Age in days

Number of queens Mean $= 8D
15 T3 +2.3
7 T.6 +1.0
17 7.8 &6 1
5 9.8 1. 6
8 10, 6 ==5. O
18 10. 8 +=2,9
14 13.8 +5.8
8 16. 1 =2, 3
5] 17,8 *+5. 2
7 8.7 =3 F
10 8.2 =21

(5) #PHAN—_—EBPBETLH-HOIEE

B NLIRE LI LT, bLUTERNEF K L
%, fHENT, Fig.20 Typel O Hifi T 27 H
AT N LUz, 20, F1INEEES72 0 24
PESR R, e O E 0P b AR L A 25 1=
PUE A LU, FUIIEAEE Pl L EiZLoT
WEESNZ®%ID, Pl EREREShZEat,
ENFHIINEOEK B EFEIRH L. ZhbD
xbLiz TRz ky, ap=—to B BEYEEA
¥, WUHE ORI A BEG.

LR 1 2= B — E AR D
Wi EME O E B =8 ISP b 0 —9rEIR A

an=—IkZ, HEE, S ESosEREREL,
FEAUE &R LHEGR OB L X e o ik R B s o
BEBE % (Spearman M JIE {7 48 ) 2WEL. Ebio, &
Be HE i B ¥ > W T, 10H B B i = — A Xy
L, ThThofh&ie, ik EHEERLBLE
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(Mann-Whitney® URR ) . [F4RIZ, 18R, BN
ERBETCEFIZRELEBEOMLITORE A
DI KREN, FfEEH28A TholZihbh(Table 4), £
O REEF28AMLATL298 B EDan=—{THi T,

& ik, J i F ¥4 P ok b8 L 7= (Mann-Whitney® U
BIE). ThbDF—213, BARELENRAETOLE
WORBERRIZESVTWS. 7L, FARERLEY
1, MEROKESRTHTHY, /-, RERPREX
DEBEENERERBFICREBTIEELLNDIL
%, Mann-Whitney O UREIL, BELH 19979 ICEE
L= TN LIEEF, FRBLUN998FEICHEL/-LE
HOFHDLBONLERNEATLERIZOVTET Tk,

Table 4. Developmental period of first brood workers in two
laboratory-reared Bombus species

Developzental period {davs)

Species n Wean £50  Min.  Max.
B hypocrita 70 23 25 16 28
B. ignitus % ¥ £23 16 %
B R
() AAINNFNRAFEIQAIUNTNNFOHNFE
XEIBROERNFAET

d AT NFIRF Lo P NF DR T ORI
I, awANTA_AFORNRELESOFEHEETo12E
25, BERITHE E-1-ORET, b2 EHbR N
WO EER RN, FEREIOEAZIZERL R
RC, Uy RAEHBWL, ENERBOKREIZ TN
LEIERITIN AR T L E#i3, Fig.h type 10 k722 TE
BYhiz & te kit 2 BB OMICT 50, B RITHZR
SRVEEHOPIZIE, type 204E22FZ A2 PRt 721
LALRWREL Rohi. ZoFA kit & B
1e&lh, ZLOEyFauBEBRIN. SHIZEDORE

a3

Juvenile nematode Adult nematode

Fig. 5. Feces of field-collected bumblebee queens and
nematode parasite

WO M LIS, 5~ 10mmfE FEiCF 2 VRIZ
IBPALI-EMBEEZL OB F a2 MR L (Figs).
PINTFTRFNIHETHEF 298 LT, Sphaerularia
bombin M EZ TR (Sladen 1912, Alford 1969%), =
O F 2Lk, B, =a—U—=F0FIZafiLT
V5% (Macfarlane et al. 1995) , B TOR#IZA.
Sphaerularia bombit, BEZ PO NG IF L TE#HD
KRICBALEENTERETD. RLEEVYF 2y
(3, BB E A0~ 15mmfE EETIEKL, BENTIK
RO F20EENTH. £, FEIN L EH
DI EITHEE T, B RITHLITH42\ (Poinar  and
Van der Laan 1972) . A HRBROT — &% ERE G
THEDIZ, 2OV FavDEBERSLENHLL
o, LTFOMERROERIGIE, EATIIRTDIHE
HThoriotrFavilHFEIn TV EERE RS
- QALY SRV~
WANOEREL X ESEZENAETRG T TERS
VB ED, EINERIL, FEMERBORBERNE, 4
AL NNF23FTIUY%, /BT 23FTI% Th-
7=(Table 5). A ERTYH, WIARELLOENAE

Table 5. Nesting rate of field-collected queens

Number of queens®'

Number of egg-

Nesting rate (%)

(a) laying queens (b) (b/a X 100)
B. hypocrita
1997 54 52 96
1998 23 20 87
Total 77 72 94
B. ignitus
1997 20 19 95
1998 24 21 88
Total 44 40 91

‘1 Queens parasitized by nematodes were excluded.
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Table 6. Total number of workers produced in B. Aypocrita colonies from
field-collected and laboratory-reared queens

Mumber of workers per colony

Number of colonies Mean +SD Range
Field-collected queen™ 54 31 29 0~134
Laboratory-reared queen
1997 F, 19 27 +31 0~ 97
1997 F, 24 30 +38 0~121
1998 F, 32 54 60 0~203

‘1 Queens parasitized by nematodes were excluded.

Table 7. Total number of workers produced in B. ignitus colonies from
field-collected and laboratory-reared queens

Number of workers per colony

Number of colonies Mean +SD Range

Field-collected queen™ 20 67 66 0~191
Laboratory-reared queen

1997 F, 8 71 *47 18~152

1997 F, 59 58 +62 0~222

1998 F, 17 70 *45 0~143

‘'l Queens parasitized by nematodes were excluded.

Table 8. Comparison of head width between field-collected and laboratory-reared

queens of B. hypocrita

Number of gueens

Head width {mm)
Mean £SD Min. Max.

Field-collected 33
Laboratory-reared 78

5.46 +0.13 5.21 5.67
5.42  £0.14 4.89 5.70

No significant difference by Mann-Whitney U-test (p>0.05)

Table 9. Relationship between head width and mating success in laboratory-reared

queens of B. hvpocrita

Head width (mm)

Result of mating Number of queens Mean xSD Min. Max.
Success 78 5.42  +0.14 4.89 5.70
Failure 26 5.3 £0.20 4.93 5.66

No significant difference by Mann-Whitney U-test (p>0.05)

Table 10. Relationship between head width and survival during chilling in
laboratory-reared queens of B. hypocrita

Result of chilling

Head width (mm)

treatment (4 months) Number of queens Mean +SD Min. .
Surviving queens 50 5.42  %0.13 4.89 5.69
Dead queens 28 5.42 +0.15 5.14 5.70

No significant difference by Mann-Whitney U-test (p>0.05)

DR EHOWTRL, EIIITbhsLO0, 90, 7=
HEBGBRUBEOREN AR an=—2ho7-,
I97TEDFEFLETIE, BARELESNERL-x
= — YO E A ERD, A AT F T
OBAAG1348H (EH3IFH) , 0= /T /"F THRONG
1918R (E)678H) THH, WFhban=—fTHEMN

K&Mof=(Table 6, 7). ZhHIZHE, H19% R A4
IHELL, BE@%iAEEINLofran=—R, 1tk
ROPHENBDONI=LDOD, F28 R UBO B &84
EERINRholcan=—LEEN TS,
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y=47.611x - 118.08
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2
H
g 40
20 -
¢
25 3 35 4 4.5 s
Head width (mm)
Fig. 6. Relation between dry weight and head width of
B. hypocrita workers
Spearman rank correlation test (p <0.01)
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__sof .
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1997 {)(n=257) 1997 2(n=270) 1997 B(n=188) 1998 fl(n=144)
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1997 f1(n=231) 1997 f2(n=348) 1998 f1(n=102)
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Fig. 7. Mating Success ratio of B. Aypocrita (A) and B. ignitus (B)
in each laboratory-reared generation in laboratory

(2) AFIINFNAFORRNJERAT

1997 IR EL A A IANFAFOL T LAE
AElDEDOREIEFREELEZ. 2288, A4 <)o
FOBE®ROULBEELFIBBLOBELRI-LIA, @
FHIZIXHBEEREBIRDONIZIENE (Fig.6), FAMEE &K
DY AXDIFELL. TOREER, FHRELTEL, 2
ATOMRKME CEEINR - X E®ROFEIZIT,
Mann-Whitney® (- EE CH B ZIX B H oI 3 (Table
8), KD KEEDEF RV EB LN, KIZ, KRB

~—5C—10C (6 h)—25C (n=18) —%=5C—10°C (24 ))—25°C (n=16)

~0—5C—25C (n=71)

90 | mated queen

Ratio (%)

Chilling Awaking Nesting

—o—5'C—10C (6 h)—25C (n=22) —0—5T—25C (n=54)

100

90 | non-mated gueen
80 |
0 | ° °

\

Ratio (%)
88888

10

Chilling Awazking Nesting

Fig. 8. Effect of post—chilling treatments on survival rate of
laboratory-reared B. hypocrita queens

Chilling: Survival rate during 4 months at 5°C
Awaking: Survival rate during 7 to 10 days at 25°C in llight cage
Nesting: Ratio of first egg-laying queens under rearing condition

BLGRBABPORCLOEDKEIOBEFEE M~
o, BERORBRET, RRLA-LKEHOEHHMIE
5.42mm, L7gd o7& E% TiE5.34mmTHY, Mann-
Whitney® U~ EDFER, MFIZIZABEZIBHLN
2ho7=(Table 9). M4RIZ, 4 228 RIOEB QLI IZ
FELEAESREEFL OV R ERDOROKEESL I
LA, BHEHEHIAIRIE5.42mmTHY, Mann-
Whitney®D (AR EDRER, A BZ IR OO -1
(Table 10) .

AT NNF RFDERNTORRRIDFIL407:560
% Th-o71 (Fig.7). ThoDHER L Feka TR LA
BLORZERBEEICHITT, KIBQM, KA, &
RBEHILIS, REREETEHADHT0% D844
BIBABEP THAFEL T, —F, KRL-E{EIZ70
MNHI0%MREFL T (Fig.8) . ieds, T, U
TIRBRIBHRBREDEEFZLED TNEILEND, R
BVWMEELRS>TVNS,

HEZNOERBICEEETHIETHLT02:590% 0
EFEEBBONIEDL, KIBRIBTEETET, B
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ANDBHIETY, TOREFRIZIIHBLANVEEZS
Nl e, BRENOHEERIIBTRIC, (%2
N—Z—NT5CTHHI0C, 25CLEEBEMIZIREE % LI
DIEBEL-ETA, B, KEBZIZBTIVLAEFEN
<R DEMm A RN, BICKRRZROEE TIRERE,
BEERZENPOCHEBERIZBLIEES, EEITATFENEL
ot ¥io, BRAICIREEZ LTFBE A, 10°C D REE
IX6EFEI DA, 24 L0 BEBERE O 4 1R R A%V VE
miZ&H 7= (Fig.8).

WIZ, FAZANFAFOR-BLERORLEOR
it ZRORNIELLCRIR, HEEQLMEDOEFERL
OBEBRER~T-. FLESREZAER/NOBROML, R
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Queen age after emergence (days)

Fig. 9. Relationship between age of B. Aypocrita queen and mating
success in laboratory

Spearman rank correlation test (p >0.05)

HAOBERBCANTRERTOPILBEDOBEHERRORI)
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Fig. 11. Survival of mated B. hypocrita queens during

artificial hibernation
Queens were collected from the same colony, and divided into two age groups. These
experiments were replicated twice.
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Spearman rank correlation test (p >0.05)
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Spearman rank correlation test (p <0.05)

Fig. 10. Relationship of survival rate between each treatment and age of B. Aypocrita yueen

*1 See Table 3.
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AL WTFNOLBEBTHLHRA DO EH A A
BEATFERMEVERMB RO, HICFEHBEA10
AU EEBRBLTVAXEROERICBITDERFRD
ETAKREMARBRLNZ. TNODREEEELIRS
728, BEB2BEAVWT, TREROBENLEY B
DREZDETHOLFAE2OT Y, FREOATF
REFE—BFOHRBATHELIEZA, AHLLIEYA
BOBRBLTWAEERDHFN, EWAEFRTHHE
MAED O (Fig.11) . KL EDOIEMN D, flRALEE
DEFRILY, HELESOPLEOREHIELELT
WAHETRBENT.
(3) ZATINFNAFORRBKEAT

7aw N NFIRFOERNTORERIIRIT400H50%
THY (Fig. 7), FALANFARFIOLRRENE AT
otz XA N NFARAFLRUF I TRIEAHEZIT>
7eZh, EFEENPI%LU T LEN -7 (Fig12) . £Z
T, BREPIIODIC, KEMZAIoNA—IF%257(
W, ZORER, BEOEBRLIA—IF%aT/MTH,
SRR AR M T4 TIZE0% D K EMAE L LT
DIZFHLT, 8 —=3F% 2T bDKYEX50%, 68% (-7
LK T4 A % TH80% U EORWAFE TH-
7= (Fig.12) . TOEBRLUKEIX, A—3IX a7/ b LT
B —MERDKGTEE50DHB0%EBEICTHEL THW
fo. 2B, BIBZEAKANLES, RE5F—ANTOZ
NEDEM DK RIL, D AMIZIZIE—ETH-T-
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so |
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Fig. 12. Effect of moisture content of vermiculite on survival rate of
B. ignitus queens during artificial hibcrnation

Chilling trentment
room temperature —5°C( about 4 months)
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Fig. 13. Comparison of long term stability of moisture content of
substrate used for queen artificial hibernation

Malerials in hibernalion boxes without queens were placed in the chilling room.

(Fig.13) .
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ETFTERDNSTZ, F, RIRLZ K EHTHIR IR 2L
POETFEIT, 6052580% THY, At~ I " FL
DHRRAE VB [ A3 R b7,

REFZIBEBIZANDIETOFEIZOWTREL
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BRUBAOARRBIZANDIZAIL 7%, KRB T2
BEZEILRZRRHI—V% AN, BRZENTIToRESD
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12, 5COERNLCOMBEIZR T HiELLT, 10
C, 6IFH OLHEE AN TERMHICIEELZHLLE. K
R#THIZHBERE, KRLBEAOERICAN, *
Dy —ABArFaX—F— I ANT, BHEEERIZA
NG E LB LIS, BFMICIBRIERHELF
0, LLAEWAEFRIZRHBM A Roii (Fig.15) . &
HIT, ALEE—bEREL, KD RE80H585% 1= 38 i
L, REOLEELAMBRLUIIERUBEMEERL
7. 2B, ArFaX—F—CERBMZEERELT L
i, BKRABRAOr—2ABLOXRyr—C Dl 5T
LegEL7-h, MEIZEITR LN 7= (Fig.16) .
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Fig. 14. Effect of pre-chilling treaument on survival rate of B. ignitus B. ignitus queens during artificial hibernation
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maling cage—hibemnation box (hibernation box)
treatment  mating room = ———» chilling room
mating cage—hibernation box mating room: 25°C
chilling room: 5C
mating room: 25°C soil material: vermiculite
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chilling room: 5T Fig. 17. Effect of post-chilling treatments on survival rate of
soil material: peat moss laboratory-reared B. ignitus queens

maisture content: 805%-85%
Chilling: Survivul rate during 4 months at 5C

Awaking: Survival rate during 7 to 10 days at 25°Cin flight cage
Nesting: Ratio of first egg-laying queens under rearing conditions
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(KBAAEMLEERE ICB LB, 5CTHH10TC, 25T
LEYEE T =LA, 10COBEEIE, A</t s
F LRIBRIZ24BE A LV LORE I O HF B HERME DA fF
EHRABVEB A RO (Fig17) . LLEORERNS, &
RAEFZIIEARICBTHELLTUL, A =T
RFFEIE, KEZTCEBRLBAOEHFIKESRE AN
T, 20— A% EBEBZRANDIFHENRRVILHR
bhot.
(4) BRLEAMELBERSIUFXIREEZOBR
BAFRERIVENATOXERORAERLR T,
LD, ERAEHE AR QOB BIUFE) bau=—
Wi B4 ERICIAOHBRBEDLN
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T, EHEBMBAKZTIORBXIZEINL, an=—470

Table 11.

DHEBLF AL EROEER L LBRLILLIS, T4+
N F R F T, BB B BRRRDIEL, a0
—— YUY O@MEBEF L EROEERMIEY THH
iz o7, 812, 218 ML Ehdrolcaa=—T{3,
B B D 7edeot=(p<0.01) (Table 12) . 7 —FEH3 D
RWIEDNLREABIZIToTOHRWLA, ZhbDB 0
RHFARELTHORFTHERTL RO (Table 13).
T, BRBEMAEN L2208 MDan=—L2]1A
MU boap=—iZbid, ThEhofxtk, HkE%
DOEEHMNDOEANT L% Fig 18I R L. WFhoy
N—TTHEEM%, TR EHOEEKMPONL20FH DO
BECORENE DN, 2005 BLAIE ML Lo
=—i%, BEHEEHEBESING0AMOan=—Il0R
Rbhi.

Correlation between latent period until oviposition*! and

production of workers and progeny queens

Production Production of
Mumber of _of workers progeny gueen
Species colonies r’ r
B. hypocrita
Field-collected queen 54 -0.474 -0.511
Laboratory-reared queen 75 -0.410 ns?
B. ignitus
Field-collected queen 20 -0.648 ns™?
Laboratory-reared queen 78 -0. 464 -0.334

°1 Period from first day of laboratory rearing to first day of oviposition

‘2 Spearman rank correlation test

‘3 Spearman rank correlation test &0:05

Table 12. Effect of latent period until oviposition on production of workers and progeny
queens in laboratory-reared queens

Number of workers

Mumber of progeny gqueens

Latent period until Mumber of per_colony per colony
oviposition(days)” colonies Mean™ Range Mean™ Range
B. hypocrita
1-10 41 49 a 0~179 12 a 0~109
11-20 24 37 a 0~203 13 a 0~157
>21 10 3b 0~10 1b 0~10
B. ignitus
1-10 22 103 a 15~222 33 a 0~183
11-20 31 58 b 0~198 ) 0~65
>21 25 4 b 0~190 6b 0~44

‘1 Period from first day of laboratory rearing to first day of oviposition
*2 Means followed by different letters in the same column are significantly different (p<0.01)

by the Mann-Whitney U-test.
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Table 13. Effect of latent period until oviposition on production of workers and progeny
queens in field-collected queens

) ) Number of workers Number of progeny queens
Latent ‘period until  Number of per colony __per colony
oviposition(days)”  colonies Mean Range Nean Range
B. hypocrita
1-10 40 38 0~134 6 0~35
11-20 3 13 0~ 19 13 0~34
>21 11 11 0~ 42 1 0~9
B. ignitus
1-10 14 88 0~191 13 0~80
11-20 2 33 0~65 13 0~25
>21 4 11 0~20 4 0~1

"1 Period from first day of laboratory rearing to first day of oviposition

Table 14. Correlation between emergence of first workers and production
of workers and progeny queens

Production of Production of
Number of workers of progeny queen
Species colonies r’ r

B. hypocrita

Field-collected queen 53 -0.426 -0.428
Laboratory-reared queen 61 -0.514 -0.380

B. ignitus

Field-collected queen 19 ns’ ns’
Laboratory-reared queen 71 -0.445 -0.452

.1 Spearman rank correlation test 0.01;
2 Spearman rank correlation test(p>0.05

Table 15. Relationship between successful emergence of first brood and production
of workers and progeny queens in laboratory-reared queens

Number of workers Number of progeny queens
First bropd Number of per colony per_colony
emergence” colonies Mean * Range Mean™ Range
B. hypocrita
Success 43 57 a 0~203 16 a 0~157
Failure 18 18b 0~74 6 a 0~67
B. ignitus
Success 57 78 a 0~222 18 a 0~183
Failure 14 27 b 0~143 3b 0~17

"1 Classification of first brood emergence: )
Success: Colonies with first worker emergence in 16 to 28 days
Failure: Colonies with first worker emergence in 29 or more days

*2 Means followed by different letters in the same column are significantly different (p<0.01) by the

Mann-Whitney U-test.

TRIANTANF T, ERRABZIMOOI0A B ET
DaAR=—TOMHEH%LF X EHOEERM, 110 HLL
toag=—xhy, HEICE W IEITFENRE (£0.01)
(Table 12). 7=, TN OOBEMAIZHF /R 4E X Eth O
BFRRETLRILK TH /= (Table 13). A=/ nF N
CFLREHRIC, BREFAEMSINSI0AMOan=—¢
1AM Loag=— b= BE40, FhFEAOHE
%, FLEROEEHKIOLRAN 5 L%Fig 19 RL

. 1bI0A Bl ap=—Ti, MMM KB Oan
=—FTRIERCLILFEE THON-DITHL, 11A
MU LDz =—Tid, B&%EEHMNI005HL Lo
== NP EMB RN, FrkESEEKR
3, MZA—TLH0 L0 O@EOHEENH VLD
D, 115108 MlOae=— T, 80U LOFH L F#
FEELEXRBOan=— NIRRT,
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Table 16. Relationship between successful emergence of first brood and production
of workers and progeny queens in field-collected queens

Number of workers

Number of progeny queens

Frist brood Number of per colony per colony
emergence’’ colonies Mean Range Mean Range
B. hypocrita

Success 32 40 0~134 7 0~35
Failure 21 21 0~64 0~34
B. ignitus

Success 12 89 16~191 17 0~80
Failure 7 37 0~147 1 0~6

‘1 Classification of first brood emergence

Success: (Colonies with first worker emergence in 16 to 28 days
Failure: Colonies with first worker emergence in 29 or more days
40 60
50
30 Short n = 65 40 Short n = 65
20 30
10 20
3
-g 10
§ 0 0 — —
fom
=3
g 20 20
|
z 18 Long n=10 15 Long n=10
10 10
5 5
0 0
KR IB88R1eB888R¢T RIEBS8RILSE28R ¢
U R T M T L R A,.L.'_,'_TTTTT"?"?'?'
O N T O 53 o aNT O OO N N T O35 NT O OO N
- v = v = &N N —_ e e e - NN
Number of workers Number of queens

Fig. 18. Relationship between latent period until oviposition and queen/worker productivity in B. hypocrita colonies originating

from laboratory-reared queens

Short: Colonies with latent period until oviposition in 1 1o 20 days
Long: Colonies with latent period until oviposition in 21 or more days

10 20
8 15
Short n =22 Short n =22
6
10
4
& 2 5
g
= 0 0 ]
<@
ot
=3
8 40 60
2
E
z 30 Long n =56 40 Long n =56
20
20
10
0 N 0
89238888888 ¢% 29888888888¢%¢
<!>,'_,'___'_|T'|-||||| é,L,L,'_TTTTT‘?"?"?'
N T O 5 S5 NT O ®D®O N N ¥ O 5 o5 N T O ®O N
— e = e e N &N - oy ™ = = N N
Number of workers Number of queens
Fig. 19. Relationship between latent period until oviposition and queen/worker productivity in B. jgnitus colonies originating

from lahoratory-reared queens

Short: Colonies with latent period until oviposition in 1 1010 days
Long: Colonies with latent period until oviposition in 11 or more days
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' Success n =43

Failure n=18

Number of colonies

— o = = = v = oy

Number of workers

40
30 Success n =43
20
10
0
20
15 .
Failure n=18
10
5
0
SIS RS8RegS888R¢%
é.',I_,l__l_‘T‘T'."."."?“?"."
N T ©® 55 N T oD OO N
————— N N
Number of queens

Fig. 20. Relationship between emergence of first worker and queen/worker productivity in B. Aypocrita colonies originating

from laboratory-reared queens
Success: Colonies with first worker emergence in 16 1o 28 days
Failure: Colonies with first worker emergeace in 29 or more days

20

15 Success n =57
10
5
(]
20
15
10
5
0

Failure n=14

Number of colonies

B
o 9 ©0 © ©
RIS 838283888¢°
— = o = = N N N
L T T T T T M
P T - S N i A L X
N ¥ ©® g0 O N @« @ ® ©
- = - - - &N &

Number of workers

50

10 Success n =57

30

20

10

0 —

20

5 .

! Failure n=14

10

5

(1]
298888982888 §8¢%
R T T T T T T e
D -~ S N S A A A I
NT P oo NTe g

Number of queens

Fig. 21. Relationship between emergence of first worker and queen/worker productivity in B. jgnitus colonies

originating from laboratory-reared queens

Success: Colonies with first worker emergence in 16 to 28 days
Faiture: Colonies with first worker emergence in 29 or more days

6 FIBRORAEABLBERELIUHLIBOE
EROME

ENFBTLKEZROBA T, MESLIZH 1 HE%0
R R B (p.4 MEIBLOHIE) LExs, FLEHko
EEHEIC, ADHEBSROON, MR E L E®D
BAETIE, AATANFAFORIZ, ADHBNRDE
7= (Table 14) . AF AN FRF T, BUHEEO
R B A6 528 Blozn=—33%, 29 BILL o=
n=—X9%, #) & & 0 4 E A £ < (p<0.01) (Table

15), 722 N/NFRFClL, BE%, HkET%OEEK
DEFTEH =72 (p<0.01) (Table 15) . Fi=, ZhHDHE
MIXEFARELESROMAEHERTH RSN/ (Table
16) . ZENMAERHTCo, F1HROKE BT, +
AN FRFH23£250 (168, K E28R), 7
Q2NN FH24 22308 (FREI16A, BE28A) TH
Y (Table 4), KEBRTO, 16226288 BlDan=—%, =
OFWHEIZAY, BlEREOFRICKHLTWBLDEE L
LA, L, 98U EDaa=—7Ti, B1% 80



18 BAERBvANT AFHEOENHAENOMBRBLOHR N LOR) X —F —~ DR

FRICKBLUI-LHWTEN, TORRELT, BE%REE
KR PR pi N RENI.

T, BIRROBRICEYHLIZLEDhSREA
B6H28A M an=—¢29A ALl LDan=—o,
EFNFROIN—TIZONT, &k, FikERDAEE
MDA S L% R LI (Fig.18~21). A</ "F
NFTCIE, HE®ROEERMNBOHU LORB DD

Fig. 22. Three developmental stages of Japanese bumblebee
colonies in laboratory rearing

——i16M B8RO an=—0 it Bo. L E
A FERIL, B — 7 Eb0MH208F O B O HUE
BEVLOO, 1008A EOF L L EELLKED
ag=—{%, 1652AMDaIc=—DOHIZAR LN
(Fig.20) . 7022 A NFRF T, @)X 8o 4 ERH100
U EDOKRBIOan=—160628R HlDan=—{z%
WREIADHY, Hik E%OEESD, 298 B Loao
=— TN BB DOEEH /21T R DIoxf LT, 1612628
AMOZ N —7 Tk, 1815520088 O FEFH TH L T3t
FEELERKROap=—4 Boii- (Fig.2l).

H B
() FFTNNFNRFEIATUNFTNANFOERNFE
ok

A CRELZBEEDT 2T RF, Ja~
NWNFRFOLERDERRET, B FavildHfrsh
T B R EBRITIERI90% THY, ZOMAEE N H I8
LTWAZENRIZTHRENS. I, ENFEE FTE
FNLHERICERIEILICHLRYLE. AT
LESIL, KOO REOEMETOMNTNEINA %
HARETVSA, A6, 4708 QR NLETORMICH
BEMNAIGETHOIEDHSME o7 -, EREHE I
KOLFEHOE BREBATILEBEORER BRI
NRTEWBIIIZH 72D, TOREI W TREN:.

FFA NN FRFOEE, KIBLENLEEIES
BOBEEH, BLOERITIH L ESHROAFHE RO
CHMAEETh--. STOMIBLERENL25C 2K
W4 28I, LEHXRBEL WDy —25 M
(2, 10CE6RER BB T4, 25°CICETIRES |-
i, R EBEFHRFFLTWDY — 2R FEICIEEIZR-T7
B TR T DIEN, ZOROEKIEBROHWETEREY
R T AL ETHHI N b T, — 5, KL%
2, BSCORIBEICB T L&ICIE, HEE20~25Cn55
ClcBBs g s, EFEFE VB ESAL. =
NO2FADZNANFARAFRERBRLTWAEH T, Hik
EMBEEINDIBEEDLK, BLOBAZOFIZ
Ak, 2BCKBMET 5. ZOKETE, BHo
RENEWVRICRAN CTHiRE B T AR 8L,
BHzZERTHT TR JERE T TR THLEE
FYDIENTRETHHEEZLND. £D%, Bod/Yy
ix ROk EH¥OEIBE, EHEEILTHIET
e IBET 3208, ZOREXBOOMRMBI THRETD
ZLiIAREE E X 5B (Heinrich  1979Y) . ZNHDIEMN
b, ENRHE T THLRAAERy — P TRHBL O K



2003 AMFRNRBRELAWEFTHERE F148 19

EREZRPOBBEICEEBL TH, KIBORBEHM
FRETHHILND, EFERIEBLREVEZ LN,
—F T, 5CHbEECICBTAE T, £OFIEI
INEEHOAFRIZREREBVRRALN:. v F
RNFEPERBTHHRBRLHRERBTIX, AEZEOERERT
HBEWLOD, A OHEZORED LFIIBRONTHS.
BICKEKTIE, BABZELIAATYH, RIBBEAEROL
NC20CHBBFITIREN ERTHLEFZ LI, =4
NFRFOEEMT, FHANCERRAGEZDL,
A AT HH A O IR B % 30C LA EF T LF 5 (Heinrich
1979") . AERTOBEEBRL, vV F3FE5CTH
BIOCIZB LT, MIERTLELIZ6RRHRFTD
ZET, BESBLDITEH THRIBEHE DI LA ATHE
1ol BZOND. v AT ANF O EiT, Bk
EOHHMORBEERORELRIEZT, TORBITER
THBIUVEDan=—OR KR IZHE T 5 (Duchateau
1991). ZhbLDIEND, KIENOEBEI T IBHIL, &
F oM, BRTTITHTELLIIC, EDOEWHE(RE
TIRERBLETHDHEEZLNI.
AFwNNFAFTIE, I —H, RRMEETIZH
{E#%10A UL BRI ER, WMEOM EiZo7R
MBHIEME R (Fig.10, 11). Alford (1969") X, ¥7
ZEXHOPEONSHAH B T, KNOREEM D &
MEIINT D 8%, A~ FNFIZHTHEL
TS, F e nF3F, sa<wnF FTEID
MAIFRVA, ROBENEFTBLIVCERANTOH LES
OIFEASBHE 455 B HEARRIZIERIZRDIEDD
EZ, HECEEFLBICHOIF R T, Peik4d
GHSHLLEOEENEL TWDHEE ZGNT-. Katayama
(1974) Tit, FLEBRPHBLAZICHORIZE->TL
BITMABBEINTVD, K EHITEA M, BRE% B
TEBL, ZOBRRIZESTIAD. ZORETEE
BIIWREF Y, EMAEIFICALLBRIND. EX
fAE T T, L E%BIE®INLEABRELFBTD
& BROSMTINES ETHITRIZ RT. T TR EHRER
RZI\ BT L THORXRREBMEMZ T, PHEEI0M 5
PZABIZEBA(CADZEIZRY, ZidKatayama
(1974) BEBLI-FHLIZIE KL TWB. —F, 108 L
MA@ S B4, FME®EITALL LZRBL-EC
HTHEIIASTWAI LIRS, 12, ZOHEE K Eik
BROMHLNTIZ, BRICALRADLA TV AT
HADRMLIIKRESRRD. LEOZENS, K EHD
PULEOMEBDOHEEBIZONWTIE, 1) X EHOEE QS
ZADERETRLTVS, 2)FAEFEARANTHEBRILRE

FTARZLIZEST, HILESRBHoTLE, TORESE
FE/ES R, LV 2 ARERELTEZILN
7.

2T NNFARFOHETH, REMLKIRLE, &
EBOBOBEERL A4~V FFDEELITIF
FLERERFLLEEZLN. LL, BEAEFOR
RAEBOKYFRENBTO%IZTHIENEFREED
DIZTEETHHILR, ERLERALBTLAEVE
FRERLIEFAZANTFTAFOHEEERELR -
1o, 70 NF R F UL, AN NF AN F IR T
DR W BT ICER T EMMMEORE THD (F i
1993). &6z, BN TORMLR/FTHTHY, 7o
FANFOERBITHBERFHIZEZRALN ISR TV
W, AR, EREBTLOSEEUGTHEHE, AT
DIARANFTARF L ESOBLAEEEEISIZTH
BEILRDHEZ LN,
(2) gBLaAN=——ORMBBEN

BARKRETOZANTAFORIZLESIT, BL
%, BRIATIICADET, ERBHOBED-DHIZE
SNERMUALAD, BIMATEE T 5 (Alford 1975). 2D
I, R ERBABEMNREEBOME 52 LhATHE
EiD. Roseler (1985) 1%, EAITA A=/} /RFD
HNFAE T, KBLEGETATIHIIBLI T L E%%
IR HELLT, ZBILRFIZLOMRALEL L
V10 MR EDOEANRMUEL R EIITINELRS
LTW5b. TR bk FEM I, A ERIHE, 71
HBRITHEMEIEDLHENHY (Roseler  1985), D
AL T RREREDFUEN L ERICRITTREITZ
—EOEAMN BONDA (Tasei  1994) , ZEBE{LIR FEHE
A, RETERLTWD R ESDAEFRELR 5%
REATIHINIIOWTIE, BALNIZENTWRW., AE
BRI, R E%APEBLEKRTHR, BRARTORMA
MEREAr— VAT, —BREETLE%IZ, £2EORA
ZEROLWEETRBNTRAMMIZERIETEY, =
B LR FHEH LT TR, R A ERBTOER
Al A B OET, KIBABMNSE BITMIAZETO,
ZESOEBEME(LOBMEIZERL TWAILRNTF
HEh, ~FIABTEZBEO THEROBGICMEEKZER
ECDRHTHD. ZORHEHBRVEEHIZL, PMRO2
n=—E2ED MBIl h D, BRNEEOAEEM
0 EERDITE, RERLE—FICERIELHILNF
DR LD, FOHIZIE, 4%, BRBELB®%OK
FOERIKELRIZIEATEREN LRI TILE
BdHs.
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—%, BEREAERGTTYH, BRIBLEZEOARKE
Mr BEAEYICERIEAILT, an=— OB
WA EROELVPRLTERLBZLNDA, BT
EEROABHIEREND, TORMLEMNTHET
REETHY, £, KEFAE FCRHEMNCBRTILD
WL, 22C, au=— Y- @ ES%EEROLERY
FHBHE, BIUOSBpan=— 2 RPITHEFT RN
Bk B Li-an=—DRHiL, KEHFRTT
ORGBILER LEDOEDIZEHTHDHEELZLND. &
Fz, ZREDENIBBHICITIZENARETHD.

A THREL-FIHEHORE BEIL, 1R
OBERORENau=—FORERE IR IITEELY
BELLLOTHS. Katayama(1973,1975) T, EHR
NEPLETOMEROKE B EEAF <A F 3T
T24.3H, Z7u= A RFT28.90529.1H LTk
5. ARBRCTOFABTLRGTCIL, HBRZHOHEET
an=—(EBLIHIC, MELLEFORE HENE
FAMBUIH T, FOYH, ZOREICAG BT,
HB &G TERIN-an=— IOV TEH TEDLD
LEZLND.

Miiller and Schmid-Hempel (1992) {X, B. fucorumd> =
P=—T, fiEid AAMICIRYERS AP RABA, a0
=—ORECRIETHEBCIONTHEL TS, BR
PWITIE, ARSAEED, BERENOLETE, HixE
BAEECROEBERIZILTHDEN, ZOoHE TR, B
28 B OREEZERVHOLEIZL THDOIIRL, &K
ERTREIBRROFRER, $72bb, F1&4E 0Kk
FEHREND R TRAY, Table 14, 15, 16, Fig.20, 21
DERIIERVNYMTCOBEI®RBRENDRAIN XPan
=—OEERICERIETEEERLTNDEEALND.
Asada and Ono(2000) %, A</ nFs3F L=
NFRF ORI L ESOEIFEXITIAHII KA TE
BNRY—UHY, BHEGAEIIIE N, 28, 3 o]
EREELTWDEHELTWS. FIBEINNG238 %1
X, BIHROPEH RO, O OAIR L T
i, B2HNLEIHDOEINRIZA>TVD. ZORFHIZ
P HH1IRIE, B2, 3Slio@E%NboFTR
RERITHEITIZEND, an=—NOE1IH RO XM
i3, e, SR ROFRETEAR LK E®RIZAD
BARERLRY, FOHROan—OME%E, Fik o
EERICADOEBERETILNEILOND. AFRT
[, A= RFrae ot RFTEIRIED
R H A%, 29A WA AR Lo =—Tik, 162
H28A Mloan=—Xob, MESHAEERN V25T

LHREN, ZhbDan=—%REFRMNLERIE, W
L REH LEXEAZLIZEN THLHI LN TIRIN .
Fig. 18425 Fig.21 DA EHR DA T AIZD
WT2HM OBV E BT DL, AT IF TR
ETHIOEMmIBRALNDD, 7o/ FT
i, ENME. i, Fig.208 L UFig. 2l TRINH
IR ORERIBREF L EHOEERLOBELRD
&, e T ARFTE, FEIEEOFRIZRIILI-a
a=—OFBKRBLIzan=— KoL K ES A ERHN
BEIZZVD, Ad <A AN FTRFEENREDL
N2V, ZRBDORERIE, A4 NFAFR, RO
VB R ESOEENAIETHHEV T, 7
BeANFAFTERRLNEVEEEL DI E (Asada
and Ono 2000) LBRL TV HEE X LIS,
CANFTARFROEBE RADLOAGERECOR
MEAH OREHBIIE, Plowright and Jay (1966) TH& &N
TWA2, ZITHRICHE &M T Toag=—44Xn
BRERBPRENTVD., BAaYF T A/ F A F ThHd
ROBMARBDONTWVEN, Z0 8% A Bombus
terrestris terrestrisk Bombus terrestris sassaricus? 5§
T, BZBAEEROE RN/ RENTEY, ao=—4 A1
AOERITT, BIEAREENSEEGLTODEENELE
Z 5415 (Duchateau and Velthuis 1988) . KFEERTHA
FRNINFTINTF spe TR FOapm—H L XD
LEFRICKRERFEANE RS HD, 5%, au=—F A XD
KRB LUOHF — IS, BEOLER A= —H A
ADOERIZEKETHEEZNON T HLENHD.
Asada and Ono{2000) %, A<=/ FRFDFH, 7
B ANFTAF LY, an=—H A BT HREHARE
BRBPREVWILEEZHREL THY, RILIOIARBHOaR
=—ERBEETIEDITE, iFOHFPREZITOL
BEMRENEEZLND. 5%, AT AFHOEE
B m EIZii R RHEORGCNZ, FEHRM O
HE, WinfbRom ERBRELEZIOLND. APFEITRE
NERR, B30~ T R FLREO KB
FRE B ARTERMCHET AR, HE%BLUH L
ESOEEMEI BV ao=—2BficRMHL, MER
MOERE, FAFE 2 AMNHIESE D ETKRERRMEE X
HHLDENWZ L. SHIFEILRDIVG{LEDH LD/
2, WHAEHRPRREHEAEAE RZNORZILEED,
an=— O EEFRELEL, ERICRELTWAa
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#2fi ERNERETTOI0=—DORERHT

#® 8

TN AFERNFEEREBHROBFEODIZ, =
n=—OR R EIT 272, Sladen (1912) i, =T
NFDan=—RBEET2RBERT, RINE Xk L
SN, BRI RE, FIhTESNREFEINSIL2BEL
TRY, Tk, AREEEX, FFLESREENLHK L
IZEIDEDLAI LB HEIN TV S (Cumber  1949) . =h
UgDan=—0ORRICETIMETIE, au=—nH
HERESTHBEBAEERHMNS, KERER 0
DEMBTHOA A, HREREEIID=—RED
INTLTEIM B LSO M EH & 7=, Duchateau and
Velthuis (1988) Ti, EA 04+ v AT AFOIE
R, BHEGHSERIANME IOV EDS AR,
BHEEHHOAAB~DUVEZ, TRDOLZREIINLE
ZRWDEI~DYINEZRELIZAA v F L IR Ak
(LA FSwitching point: SPEBE&ET) THhb, ZOMMIT &
EROLHOT S TATHLILMBEHE N, SPOWEH
oo =—JLIZBWIAT, BWIAT BB, #ik
EMEEZETNENTRRDZILND, BfavtAt~ L
NFARFITEREREBIV BT L L Tan=—
DR RE—IZEBRENRHDLEBRHAL TS, L
L, #DAA=ZLIOWTIRERENT, 2D, SPO
BRI, AR X ESNEMAETRHEIC TSR ER
DEBIZI>TREREBLZIDAEMELAEH N ELE
LTV (Duchateau 1991) .

Katayama ( 1973, 1975) (%, SPRiiZIZ{ELN-FRED
RELZEREL, A4 AT RF, Jae A FNRFT
(3, SPIZ#E X EI 22 B0 B 2 Tidae<, 2R IRASSPE Al
BICE—OIBIZRELLALBENEDL T IEE
RERBLT-. S/, ZOUVEABOZRHEINOZINHFLE
BIRRLTWDIELERL TS, LiL, HAND
WL ao=—TORENTY, ERIMHLSPET
DREFELT- G BITR.

TAIVFATNNFARAFOEREMICRONDHE
BlZFHRBIUCBHEEBTORAITIICIX, EHo
B &% A8 5L T (van Honk et al. 1981, van Doorn
and Heringa 1986) , ZOITHIOE(LiT L TR H T
ZxnECOEIZEBEALTWAEEN TS (van  Honk
and Hogeweg 1981) . A 30 A F < /nFRF Dtk
3, AR K ESRNEFICERITHERT OV Han=—
NOBEHETE, PL% 158 EIZIXIPEMN T ZLTVD
(Duchateau and Velthuis 1989) . ZD &K T, A3 v3

INFOINTKEENEFICEILTOAEIIE, &F
BDOTzn B NI Lo THEBOINERELRLEOMEL
TOREDOREEIMZITEL2IZIMH SN TV (Butler
1954) D&, RESRRD. ZORAITHNL, —HMican
=—HNODIN, i, ERIZEALERY, BEIZLsT
BIOKRTERSIKDLIHELHY, BNFEECILE
BRRBETHD. LML, BAERBEOENEASTFT
t%, Katayama (1973, 1975) TN E M ESRBZH B AR
LTWHRET, #MBRT&I2 .

EIT, AT, JVYRLLETIAODan=—0D
MR CEREANT 42720, BNFAEHARO L ESLH
MTEABL, EREZBBLEESEIOOF -2 5285
L, AFd =t R_Flraw b FOREIR /5 —
ik, AR, FRESHOMZ FRY, ao=—o
RERXEZHOMZTEHLEELIZ, SP, BIUH R ER
DEE, BEITHIZOWT, 2HB2 &5 Ritirb
PEATUT-. 7288, REiDRERIL, Asada and Ono(2000)
L.

HHEBLUFZE
(1) #EBRBLV0=—ORERER

REREESIT-an=—3, 1B 1oL
KUK QL) TRARELOERAVE. o, XETIE, 4
FINNFIRF, sa<eF _NFOBFRIZHONT, B
HAREZERBLUZENATLEHROVTATY, Al
REEROBMAT TERIE/Lag=—{ZoTH
ExITo7z.

HFoo=—{ZoWT, FIENA, FUHEHEORL
A, BIAREDOILA, HLE%ONL B, HETH
DI E-T-BEFREB L. B S 1TENE, Duchateau and
Velthuis (1988) iZfE > T, &I AIROME, &
O, EAREN, AR ZEH~ODKEOWTRINRE
BENT=F D B (Competition point, LL FCPLEET) &
L7-.

SOOI, T — 2% EdHan=— 2250 TH,
Fig.23iZ/RLT1= IS0z, MEMENOROBEI~2A B
IRy F TREL. FIPLRICIIELNTIESEICE
ST TEDEON AR EHETHELLIC, ThEN
DIREPORBEBIELIZ A BLOEFDOKR RO N AN E
REL. Thicky, SPOREGEEE-T-. BRIC, Hik
EENRPEL-IP=ZEMNESNT- B (Queen  production
point, LA T QPLEE ) ZFEHL 7=, &biZ, HBIHOLH
HORMBRERBE TR NI Ia0=— 3, KFEHILE
L=,
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No. 5

No. 4

No. 6

Young larval clump

Mature larva

Fig. 23. Diagram of colony development in loboratory rearing
The shape of egg cells and broad clumps in celonies produced by lab y-reared queens

were recorded every 1-2 days after first oviposition. All egg cells were given a serial number,
and the date of adull emergence, sex, caste, switching point, and onset of progeny-queen

p ion were ded. The beginning of competition between a queen and workers was
recognized by worker behaviors such as cgg robbing, egg laying and attacking the foundress
queen.

BIR K ESOEIRY -T2, FHE ) ZENENVRMEOHABLIUERSE
BESNIZ B DRy F L&k Ab, Duchateau (1991) 73, Ban=—fTOSPOYAIL TR BETBI-0IZ, il
BAIUAFTANFTAAFOBEBERTADIIER L  RBOFETRTFyFRELIan=—{Z2VT, SR
B AL AT RF, sae T AAFICEAL OEIMMEZRD . ISR, FEIA )
7. LSPETH A #&L7-.

KIZ, A7y FELTW o tzaa=—21 Ty, SP
HETHIEDIZ, ARAGOEINLINLETORE H
¥k R (Table 17), FEORDI-T, SHETHEINH
MEHEELI-.

1 : 1% ROKMEOINE.

28 : WM ROFMBOIPET, F14kENEHLL
=@ EiciEbNS.

3 2HWOEIIAN RN, KICHESEINN. 1
Wi By, gL TIIEMBE/mEH, BRESRMOERNM =MERA- (D4 28NN -4 2EHR DL
BEITH ORISR LD,

48 BEITHIRDORESD.

nE, ZOHERIZLo TROTZREIBEINM L2
Ty F L BEME»SBZREONEIIEE, F--=
o=—&FRWTHEL, HEXDOKELRFLE.

UELDFETEBET -8t d~vintRFra~v

P PSP P-YP
N F AF OB TRBRE T 7. EBITAA =T
xP-Y & <P-Y & ANFEZANTHE, WEIR BIYHE, BLUHBR/ L
BT FE D H & Fig. 240 F i CRAFAFL, ZhFhott
F, P-SF, P-YF, RAZDVT, 2HUKIB IR CO L& 1T o7, B 4
T3, 8 % 950~1100m o> % (8, /LB T, 88
x P-Y F,0 xP-Y F,& 1150~ 1400m? #EFH CERE L 7=, B LA BIZIIHE

5. BEHTIE, O FEFHILIFETORMA
BIREHIR THY, £ OMEH5H E K 1.5kmi 17 &
1413mD B HW, LB ITIE— BERTOnfTEETT
Mol BEMZ - F I 1682mD M EKILAHD. —
Fig. 24. Mating protoco} for comparing of the colony development J3, AN IUATIS, BR 3776mD B £ L OB THY,

between two local populations of B. hypocrita 2000mfHIE ETIIA AN NFRFOSHANRRLND.

F, P-SF, P-YF,
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Table 17. Average developmental periods of males and queens in two
laboratory-reared Bombus species

Developmental period (days)

Species Sex n Mean +SD Min. Max.
B. hypocrita Male 84 25 1.1 22 26
Queen 45 28 1.1 26 29

B. ignitus Male 229 26 1.4 23 28
Queen 56 27 *1.3 25 29

Q) FLIREEMOHESLLEBREOSE

A7y FLlzan=—hbB7-QPO T —F 2o\,
an=—ZLIZHEINADLQPETO A EEFHFEL-.
BB, ERELTHRXESNPTHELZBE I, BRAIOH
LESBPCLIZAZQPELTD, —E &k Ed 4k
BB, BUOFKEREES BT HEI
i, ENENDEERICBIIIBRYVOF £ E%0J (L
AZQPLL/c®, au=—(ZX-> TIHQPA 2@ KX
na3Gabhor.

RIZ, A7 FELTOgholzaa=—21 T, QP
EHEETDIOI, L EROER»LIPLETORE
A#Z RS (Table 17), FRROXDLH-T, QPEHEEL
7.

EEQP=HLERONELRA - HxETHORKBEH

B, TOMERIZE>TRO-QPER Ty F LD

EHIENIHH/=QPE, Fl—au=—% AW THBT 57
¥, Fig.25i R TMQP(QPLE 1B 4L E : (A
MWDK ETORK) ZRHL, QPOHER DR E
ERELE.

KIZ, QPO R #atE % Fig. 2512 /& +MQP, SQP% fv»
TEAT IS ELI-.

MQP=QPhLE1B&% Nt B ETH R K. @B
HIEANZQPRH A HZ AR EDO KM@ LA
5.

SQP=QPA5HSPE T H #. QPASSPO AN HM
EHIETHIBET, SPLVATOBHAITIE, ED
BiEL2D.

228, SQPIE, T CI@EMAaa=—RIZVBZ L
5, SPEVQPRTI DB EAESQP= 0L L, SPLYVQPA %D
BAIZIISQPE-1&L7-. MQPDBE AL, E1Hxk]]

Oviposition behavior

/
/

Ovipesition date of

/
{
]

Duration from SP to queen

— > Egg cells|

queen egg cell (QP) production (SQP) e
— : I
N { i \ n n . T
/ / \ /j Switching point (SP)
Y; \\‘ e N~V | 4 — |
o e
g Colony development ;’7‘ Male
Duration from matrifilial ) Worker A
period to queen production /
MQP) Beginning of /
matrifilial period ] [
‘Ij/ ™~ Queen
j__ 0

/2

TYPE 1 (MQP =5, SQP =0)
TYPE 2 (MQP <4, SQP =0)
TYPE 3 (MQP <4, SQP <-1)

Fig. 25. Comparison of progeny-queen production paramenters
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{t B EQPEDEMETS A, QPAHE 1B E¥IL A LVHAT
THhoTh, FEZHINVBEEIZRDNFEERITL
ENORFIEOBEEIHIHENTFREIND. 22T, &
AATFFTNNFTAFOFEE, BL%35A EFTIX
RKALEENTVWABIENS (Roseler  1970), H 15 &4
JMEANG4H BEERELT, Fik ESEERET
LOIFA TR LT,

2471 (MQP 25, SQP 20),
AUk L EMOEIR2MICHT-D, @&l P T
HATOBEMERMTHD.
2472 (MQP £4,SQP =0),
flE L ESOEINIMICHI=DH, SPEbaibL
IISPOEFHZIEGNI-ZRHIROIRENLFT L E
¥ PELIZEE.
5473 (MQP =4, SQP =-1),
AR LK ESOENIMBLUHE LUIEOIHIZEH
723, I7ZL, 3 THLSPO#K THS.
ULEDFETHET—ZIZDONWT, A=/ F 23
Fera=ANnF A FOMB THERETo7-. EHiTt
F R NFISFZONWTL, SPOFEAT RAR, IWEHLIR 2
BFHBE, B LOFRE RN LB EE D R HE A Fig.240 K ik
THIREAFL, ThERORARIZOWNT, 28 K #E
M CoOEEITo7 .
4) BMETHOSBLMAREROFE
A AN FRF2an=—, Ja= /NN F1lan
=2V, BEERSICHTIITHEBEL:. B
Liz3an=—0 kB % Fig. 261 R U7, HIEEIRN G
ORKEREEIZL, aoo—ORE BB A, BhE Y
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L.
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B. ignitus
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{Days)

Fig. 26. Conditions of each colony for observation of
competition behavior

—SP—CPT/RLI. BB LIcan=—i%, A~ T
NF2an=—HCPE8HH, BLXU4BH A, Jaw/,
FRFIE, ALan=—%CPRTI2A B L UCPHE %2
gL

BEL, an=—NOHEE, KEHIZONT, Tid
DEHTIY—IZAL, IR OMRMBELITV, B
HBOTHOEREFELT T —PURELIZ. F,
an=—RNOMHEHIZT, PEED BERIZET TRz
V7%, RHAMIZITEAZREL:. 2k, R
IR K EROTIIC OV THRIFHIGREL.

A IR ESDITE
ATAY—1: I8, FRE L
ATV =2 K EBRB LU O X~ K&
HFAY—3: IR
hFAY—4 . FESR

Table [8. Four age—groups of laboratory-reared workers of B. Aypocrita and B. ignitus

Four Age-groups of workers

Days from first worker emergence to marked

Days from first egy Duration of fertilized

Colony Group 1 Growp 2 Grop 3 Group 4 laying to competition egg laying (days)
B. hypocrita
Control
H-1 15 23 35 49 53 13
H-2 13 2 33 47 70 15
H-3 13 21 33 47 72 52
B4 13 2] 33 47 50 3l
H-5 12 20 32 46 61 3
Removed growp 1 workers
H-6 13 21 3 47 52 37
H-7 13 2] 33 17 56 4
B ignitus
Control
I-1 12 20 R 46 49 45
1-2 13 21 K] 47 57 45
I-3 12 20 2 46 46 54
Removed growp 1 workers
14 13 21 3 47 52 55
1-5 13 21 33 47 53 47
-6 13 21 k<) 47 54 47
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Width of ovarioles

Degree of ovary development = average of two
(right and left) ovarioles width

BTENZIBEREBEWEE ZONATTH
AFAY—5: NI EEE (BOENT A
DHDEEITERL)
AT TY—6: 5 B~ FHAT A
INSEDOITFMBEIZSLET, AF =R F D
WT, BiA1%158 B LU25R HIZ, :u:wv\méz
TOWMEHEIZOWT, PR LTIFERORERE
Fig2Tlom T HETRE L, 774 R0 ER X
HE)11 (1984) 1ZTEV, TF X RORERE, HTE :b\ozz[m?ﬁﬁ»
MEL, ZofMERERELLE. IIEE, AHRE
AP CAEHLT- PRI E oL, IR/ NE
OIEMOBEENEL, ZOMEFEERELLT-.

HACHEA W LA Ao, @Eiko it CEEgo
HEBIZOWTHEEZTo7=. FIH TOHEBFRIZ, BE
WiAiE, 2u=—NTIRECTHHEETIEEAL AL
ZOOIZH LT, EaWUBRICXEOEN BT 55
ESRRBNIZZEME, dFd T A_AF Tan=—, s
< e FAFEan=—|Z 2 TTable 1812 XD1Z,
fllh Z & > Pk & O 1 i z-:f«—%:oﬁ, hboz
A LLBE 9 A i) & ¥ 0 oAt
Liz. o, A4 = F 3 F 0230 =—(Table 18
H-6,H-7), #u <+ s3F D321 =—(Table 18
[-4,1-5,1-6) 1%, Pb#E O B b itim L TV A Group
1O@ X%, HEABMESTRHICan=—AMGRE
Lic. 2B, kL cFan=— Dl &L, 4012
3 L7z A B CFig. 2812 x L7z,

o =—O &5

Degree of CA development = average of two (right
and left) CA surface area
Surface area of CA =7 X a/2 X b/2

Fig. 27. Methods of evaluating of ovary and CA development in worker bumblebees

2 Group 1*

B Group 2*  [E@Group3*  OGroup 4*

&
<
E H-1 H-2 H-3 H-4 H-5 H-6 H-7
E B. hypocrita colonies®
U
=
E 180
Z 160 |
140

120 |

I-1 1-2 I3 14 I5 1-6

B. ignitus colonies*

Fig. 28. Number of workers produced in four age-groups™ of
5. hypocrita and 5. ignitus for observation of
competition behavior

*See Table 18
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Table 19. Comparison of period of each phase and number of egg cells per day in two Bombus species from laboratory-reared queens*!

Phase 1 Phase 2 Phase 3 before SP* Phase 3 after P Phase 4%
Species n  Period No.cells/day Period No.cells/day Period No.cells/day Period No.cells/day Period No.cells/day
(days)
B. hypocrita 15 11.3a 0.2a 13.9a 0.5a 48a 10a 25.7a l6a 49.3a 1.0a
B. ignitus 8 11.0a 02a 13.3a 0.4a 16.3b lla 209a 1l8a 49.3a l2a

*1 Means followed by different letters in the same colum are significantly different (p<0.01) by the Mann-Whitney {~test.

*2 SP: Switching point
*3 B. hypocritan =6, B. ignitusn =4

-3

WDiplold OHaploid

Number of egg
Number of egg
cells per day

cells per day
a

°

60 80 100

¢ 20 g«) # 60 80 100

BM: B. hypocrita
I: Phase 1, II: Phase2, III:
A: Switching point

W Diploid D Haploid
w P p

20 60 80

Days after first oviposition

100

]
E

[ 20 40 60 80 10
20
Bt oo m Iv
10 ~
s
°

° 20 40 60 §0 100
20
15 !
| n m -~ 1y y
s
°

0 20 40 60 80 100

Bl: B. ignitus

Phase 3, IV: Phased
A: Competition point

Fig. 29. Some representative ovipositional patterns of laboratory-reared B. Aypocrita and B. [gnitus

queens in laboratory-reared colonies

= B

(1) 2BINNFNFHETOERNI—2DLLE

AU F A NFARF T, Al L ES%OEIR
F—U R4S, SPIISHIOBRFIZEETWS
(Duchateau 1991). B RERBETHHAA L/ F R
F, raenFAFLIRERUERTHY, Al E
BOIMERERIZIT, 45D RT—UHRRLNT
(Fig.29) . Zo, 103 6AMETOEINO B LI

D B ¥V DIREIF I A Table 19/ 3L 7.
BEERENLGEB®ZIS, KRYOIPEFRERIND.
BEOHEZEMESNATOLUIELEINE I+ 5, 3)
EIREE DHOE LI A ED - 180 B 8id, £4~
ANFRFTLULIA, Zawind23FT1.04H, Fh
ENIR SO MEIL, 0.19, 0.15Th-7=. £l
REERIIINOONEDORBITIHE L, MHLEIT
W Z1T). OB BEEK T DL, Z<DEE%

)-
e,

Table 20. Comparison of duration of production of fertilized eggs by two Bombus
species obtained from field-collected queens®!

1997 1998
Species Number of colonies days =SD Number of colonies days +SD
B. hypocrita 27 37.1 £t4.1a 10 35.2 £5.7 a
B. ignitus 11 47.5 £6.2 b 13 47.6 £4.4 b

‘1 Means followed by different letters in the same column are significantly different

{p<0.01) by the Marn-Whitney [“test.
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Table 21. Comparison of worker productivity between colonies of two Bombus species
initiated by field—collected queens at laboratory rearing

Species Number of colonies

Number of workers per colony
Mean +SD" Min.  Max.

B. hypocrita 26

B. ignitus 12

45.4 +£29.4 a 7 134
107.6 £51.3b 18 191

"1 Means followed by different letters in the same column are significantly different

(p<0.01) by the Mann-Whitney {Ftest.

Table 22. Results of statistical analysis between DFO*! and
worker productivities for identification of local population
of B. hypocrita by laboratory-reared queens (Fi)

DFO' (x,) Number of workers(x;) Group Numerical estimation *(y  Esti
24 27 pP-S 0.971 P-S
29 12 P-S 0.764 P-S
30 n P-S 0.152 P-S
28 8 P-S 0.870 P-S
27 28 P-S 0.755 P-S
27 60 P-S 0.460 P-S
20 24 P-S 1.275 P-S
22 21 P-$ 1.165 P-S
20 9 P-§ 1413 Ps
31 35 P-s 0414 P-§
38 21 P-S 0.059 P-S
13 19 P-S 0.423 P-S
35 97 PY -0.433 P-Y
33 85 P-Y -0.253 P-Y
31 52 P-Y 0.258 P-S
38 123 P-Y -0.879 Py
36 179 P-Y -1.256 P-Y
43 65 P-Y -0.691 Py
38 100 P-Y -0.668 P-Y
36 203 P-Y -1.477 P-Y
38 103 P-Y -0.695 P-Y
4] 137 P-Y -1.216 P-Y
38 4 Py -0.429 P-Y
38 154 P-Y -1.165 P-Y
45 60 P-Y -0.784 P-Y
40 106 P-Y -0.861 P-Y
41 119 Py -1.050 P-Y
47 89 P-Y -1.189 P-Y

*1 DFO: Duration of fertilized egg oviposition

*2 y=2.878-0.069x,-0.009x, (p<0.01 r=0.873)
Group: P-S: 1, P-Y: -1, Estimation: y>0: P-S, y<0: P-Y
Emor: 3%

DD LIZHIRPELRE RSN, ZhB2W0kENE
2%, OB ELULUIH T HIZIX, BICESH-EP
ERROBHEHOP LA AEY, EMERPMCEHS
HEOERMIZAD. ZZFETIE, ETEHINEINSL
TWa. ZD%, BUEIINHEY, Zhn3iieins. =
DESPOIRENLFUL T IR BOMHELX RHL, WTh
Davp=—H3UISPHR RoNT. UL, ZouvEEzi
BERLOTIE RS, LELEZHEIINRE >TWaHIE
M &% (Fig. 29). 3H OB FITITHEMNEIV4# Iz

5. TTIZRZRID~OEING D> TVBITT
A, ANZH LIS IE SRS EIIS N TERY, ZoiE
DIFENOFRESNEMELND. 1ok, 3B
REZEEINLITONATVREEZONS N, BEDHE
7EF T, IUEL7=A R B3R & E 4 DEIN BB\ M3l
SREFOEHLOLIZAEL TV ANIEF LAY -
T, A2 NNFARFBLUPIOLNANF RF CE I

Table 23. Results of statistical analysis between DFO*! and
progeny queen productivities for identification of local
population of B. Aypocrita by laboratory-reared queens (Fi)

DFO ™" (x;) Number of queens(x;) Group Numerical cstimation ~(y _ Esti
24 22 P-S 0.875 P-§
29 7 P-S 0.494 P.S
30 16 P-S 0.319 P-S
28 12 pP-S 0.554 P-S
27 0 P-S 0.754 P-S
27 6 P-S 0.705 P.S
20 6 P-S 1412 P-S
22 1 P-S 1.251 (]
20 0 P-s 1461 P-S
N 0 P-S 0.350 P-S
38 o pP.s -0.357 P-Y

3 0. SpiS 01487 P-s
35 5 P-Y -0.676 P-Y
34 9 P-Y -0.027 P-Y
3 67 Py -0.206 P-yY
38 109 Y -1.261 Py
36 71 Py -0.744 P-Y
43 12 PY -0.961 r-Y
38 55 P-Y -0.813 Py
36 157 P-Y -1.458 P-Y
38 0 PY -0.357 P-Y
41 0 P-Y -0.660 pP-Y
38 1 P-Y -0.365 P-Y
38 3 P-Y -0.382 Py
45 0 P-Y -1.064 Y
40 20 P-Y -0.725 -y
41 30 P-Y -0.909 Py
47 7 P-Y -1.324 Py

*1 DFO: Duration of fertilized egg oviposition

*2 y=3.481-0.101x,-0.008x, (p<0.01 r=0.840)
Group: P-S: |, P-Y: .1, Estimation: y>0: P-S, y<0: P-Y
Error: 4%

DABBLV R Y7-IPEBREEZ B LEZAS, B

WO FRMEIL, MELLEPMZLBLTHEE

ENRRDHOENLZN 7= (p>0.05). FIIHAD A KX, 387

DSPRIDZRGEIREEEIFL TV 5 B K228, 7=

FAFOFBEVEBHBED LT (p<0.01).

@ RENRENNEORETAEIOBIBIUVEME
3 356 {8 A B Al D L 8%

ATy F TRBLIZT — b5 -SPIc & -S<Z K P
EIRHEEA R ORE A EBLORIOF %D T
LR D2ODT —E2HhHHEE LT 0 B{% % Fig. 3012
ALfc. WfliELRAELHEEHICEOHRBIRDLN
(A= /nF23F :1=0.933  <0.01,7 O /L /nF/8F
r=0.881 p<0.01 Spearman® JIE{ZH M), DO FH ik T &
SNEIR MM & & TEHRIEN Do FIT,
1997, 9BFEOHARELEROFAEFTRE RO
=—TLORREINEIMMEH AL, BRI EE L
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Table 24. Results of statistical analysis between DFO*! and male
productivities for identification of local population of
B. hypocrita by laboratory- reared queens (Fi)

DFO '(x,) Number

b

8 539 P 2148.364 P-yY
s 299 P-Y -82.837 P-Y
38 1094 P-Y -300.989 P-Y
36 1007 P-Y 27687 p-Y
38 495 P-Y -136.264 P-Y
41 281 P-Y -17.698 P-Y
38 188 P-Y -51.839 P-Y
38 330 P-Y -50.889 Py
45 178 P-Y 49.752 P-Y
40 159 P-Y 44,083 Py
4l an pP-Y -129.948 P-Y
47 3719 p-Y -108.216 P-Y

*1 DFO: Duration of fertilized egg oviposition

*2 y=3.460-0.095x,-0.275x, (p <0.0) r=0.873)
Group: P-S: 1, P-Y:-1, Estimation: y>0: P-§, y<0: P-Y
Error: 48%

Table 26. Results of statistical analysis between DFO*! and
progeny queen productivities for identification of local
population of B. hypocrita by field-collected queens

DFO ' (x,) Number of queens(x,) Group N ] “(y Esti
45 35 P-S 0.042 P-S
42 .- 10 . RS O TE P PY
: i Y

36

25 3

41 1 P-Y -0.175 P-Y
34 9 Py -0.189 P-Y
41 3 Y -0.137 P-Y
47 21 Y -0.017 P-y
39 17 PY -0.105 P-Y
40 2 P-Y -0.177 P-Y
29 15 Py -0.193 P-Y
43 0 P-Y -0.163 P-Y
42 7 P-Y -0.134 P-Y
42 4 P-Y <0.150 P-Y
45 0 P-Y -0.147 P-Y
54 2 P-Y -0.061 P-Y

¢1 DFO: Duration of fertilized egg oviposition

2 y=-0.520+0.008x,+0.005x, (p> 0.05 ns r=0.069)
Group: P-S:1, P-Y: -1, Estimation: y>0: P-§, y<0: P-Y
Emor: 39%

25, MEIIRAEENDHY (X0.01), 72N F/3F
DFHF 105128 BV EMAEDON 7 (Table 20). =
R=— WD DEERAEEROEHETIEIOANT
NF DI HBE0FLL EE VW EM A RO TV 5 (Table
21). RHIPENMMOZIL, Y TOSPAID A DE
LIZIE—HLTHY, £ENMMOTTH, 3MSPRTOD
AEDOEN, 2HMOan=—4 A XDZEIZEEL TS

Table 25. Results of statistical analysis between DFO*! and
worker productivities for identification of local population of
B. hypocrita by field~collected queens

DFO '(x,) Number of
PR L¥ o T

v
i

workers(x;) Group ical cstimation * (¥ Esti
T T y

RS

42 88 P-Y -0.247 PY
44 54 Py -0.178 P-Y
s 24 JPY. . o081 L T PS
41 72 P-Y -0.195 P-Y
34 26 P-y -0.007 Py
41 15 P-Y -0.047 P-Y
47 134 P-Y -0.415 P-Y
39 24 P-Y -0.051 Py
40 12 P-Y -0.029 rY
29 " g . - PY : 0086~ - P-S
43 51 P-Y -0.160 P-Y
42 14 P-Y -0.054 pP-Y
42 17 PY -0.062 P-Y
45 19 P-Y -0.097 P-y
54 24 P-Y -0.198 P-y

*1 DFO: Duration of fertilized egg oviposition

*2 y=0.394-0.010x,-0.602x, (p> 0.05 ns r=0.105)
Group: P-S: 1, P-Y: -1, Estimation: y>0: P-S, y<0: P-Y
Etror: 45%

Table 27. Results of statistical analysis between DFO*! and
male productivities for identification of local population of
B. hypocrita by field-collected queens

DFO '(x,) Number of males(x,) Group Numerical estimation - (y  Estimate

35 91 P-S 0619 PS
20 13 P-S 1212 P-S
48 8 P -0.060 Py
37 60 P-S 0346 P-s
8. 13 iPs L0007 d
52 [ S - T -0.074 SOPY
2. 8 L CIRY 02060 B
42 30 p-y -0.008 Py
45 44 LRy S oem P-S
54 44 P-Y -0.264 Py

*1 DFO: Duration of fertilized egg oviposition

*2 y=1.020-0.029x,+0.007x, (p> 0.05 ns r=0.422)
Group: P-S: [, P-Y: -1, Estimation: y>0: P-S, y<0: P-Y
Ecror: 45%

LEILNT.

RIT, A= FAFO2IHMBBEREIZONTO
g EITo7. REMBNCZREIEIMM O 2L
Toels, HFAREHRNRTIRHBVBRLNA R STLD
O, FEFTREKFEB TOENBDH LI (Fig.32) .
R#RIC, MEAROSIo=—DZ REIEIPMMLEx
t, Tk T, ARBRORBEERLEOBFEL AL
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. ita v= -
B. hypocrita  y=0.737x + 7.575 r=0.933 ® B. hypocrita  y=0.930x + 2.738 1=0.997
O B.ignitus y=0.663x + 14.883 r=0.881 O B. ignitus y=1.039x - 2.170 r=0.994
g 125
S 2
_g; 50 _§- 100
FRR 0 i
2 . % 75 |
8 30| <
£ g sof
5 §
€ 1w} f Ly
z 5
g o ¥ 0
0 20 " 60 E 0 25 50 75 100 125
Actual duration of fertilized-egg laying days Actural QP - Beginning of malrifilial period
Fig. 30. Correlation between observed and estimated duration Fig. 31. Correlation between observed and estimated QP of
of fertilized egg laying of laboratory-reared B. hypocrita and laboratory-reared B. hypocrita and B. jgnitus queens
B. ignitus queens Spearman rank correlation test (p <0.01)
Spearman rank correlation test (p <0.01)
apP-y P-S
50
3
]
2
3
.% 40 | NS
%ﬁ %* *
- 7
z 7
£
< 30|
° V/
: / ///
E
2 % % //
Field collected Laboratory reared (Fp) Laboratory reared (F,)
Fig. 32. Comparison of duration of fertilized egg laying between two local populations of 8. Aypocrita
* Mann-Whitney {~test (p<0.05)
g O B. hypocrita (n = 48) W B. ignitus (n =30)
=
-§ 60%1 Single QP
3 40 1
E 20 T
5 0
‘S TYPE 1 TYPE 2 TYPE 3 No queen
production
w
£ 0% |
] _
= 40
£
E 20
B f 1 S—
; 0 TYPE 142 TYPE 143 TYPE 2+3
'§ Colony TYPE* with progeny-queen production
=

Fig. 34. Comparison of colony TYPE* with progeny-queen production of field-collected B. Aypocrita and B. ignitus queens
* See Fig. 25.
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Fig. 33. Correlation between duration of fertilized egg laying and
number of bees in each colony
DP-SP (n=14) HP.Y P (n=15)
g 60
q 50
2w
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g 30
S
£
E mo o [m
o TYPE1 TYPE2 TYPE3 TYPEI42 TYPE1+3 Noqueen
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OP-SF1 (n=12) WP-Y Fl (n=15)
~ %
¥
3 7
g
g s
)
& 30
E 20
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;g ° M
TYPE1 TYPE2 TYPE3 TYPEl+2 TYPEI43 Noqueen
prodaction
OP-SF2 (n=4) BP-YF2 (n=3)
& 100
< 90
E 80
70
2 &
3 %
g %
20
E o
g 0

TYPEL TYPEZ TYPE3 TYPEI42 TYPEI+3 Noqueen
production
Fig. 35. Comparison of colony TYPE* with progeny—-queen

production of B, hypocrita
* See Fig. 25.

15 days after CP
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Fig. 36. Head width of B. hypocrita queen and workers and days

after emergence
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Fig. 37. Head width of four age-groups* of B. ignitus workers

*See Table 18.

I:Group 1, II: Group 2, Il :Group 3, IV: Group 4
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Table 28. Representative developmental periods of worker and male
egg clumps of B. hypocrita at laboratory rearing

Table 29. Representative developmental periods of worker and male
egg clumps of B. jgnitus at laboratory rearing

Serfal oumber Duration of days) Number of warkers  Serial Duration of growth (days) Number of workers
ofﬂ&me Sex or caste vamlnnh; to Total in pinnine  Spinning to emerg
1 worker 1] 9 F) 0 - o : 3 : 3 3
2 worker 7] 9 21 0 2 worker 1 3 It} 0
3 worker 9 10 19 0 3 worker . . % 0
4 worker 9 10 ] [} ] worker - . U 0
5 worker 13 1 4 0 § worker : - 2 0
6 worker 3 10 B 0 ? worker 13 B B 0
7 worker 13 10 P 0 8 worker 3 n 23 (]
s worker B 10 n ° 9 worker 14 10 u 0
9 worker 15 1 x M 10 worker 14 10 ] 0
10 worker | 10 u 0 u worker n o z !
n arken 5 0 n 0 2 worker 1 9 20 9
13 worker 1 9 20 9
12 werker 13 Io n 0 4 worker 13 1 % 10
i3 worker 14 1 25 0 15 worker 1 n 2 10
u worker 3 1 u H 16 worker n 1 2 10
15 worker 3 M u s I worker 1 12 3 10
16 worker 15 9 % s 18 worker B3 1 4 10
1 worker 1" 10 u 3 19 worker 13 1 u 10
18 worker M 10 2 5 20 warker 13 1 b n
19 worker 15 9 24 ] b1} worker 13 1 23 73
0 worker " 10 2 ] 2 warker 13 12 B n
21 warker 2 g u s B worker B ! B n
2 worker m 10 u 5 u wotker " B fd n
) warker 1 10 u s » worker u 12 B B
n worker 1 0 u s % worker ) i Y] Y]
n worker |+ 1 23 23
x5 male it 1 28 6 3 worker 2 12 % 23
% male it 1 25 6 » worker 12 10 n 3
n male 1 n 2 3 30 worker 2 10 n u
b} wale 1B 1 4 n ] worker B 2 r A
29 male 13 1 24 It 34 worker 13 V] pi] 3
3 zle n 1n A n 3 male 1} 10 u B
31 ale 14 B 2 I 36 male i B b3] 1
2 male 14 13 2 n ¥ male 16 2 28 3
) male 1 13 5 2 38 male 16 2 2 38
kY] male 15 10 15 n 39 male 17 12 % 38
3 make 15 10 15 2 40 male 15 13 27 38
% male 4 0 u 2 41 male 15 13 27 38
R4 male i5 12 7 42 male 15 13 27 38
o aale " 2 is 3 I male 16 12 n 38
» wmale m 12 2% % 4“ male 16 2 n 8
P male 5 n % % 48 male 15 14 23 Q
6 male 15 N 8 9
41 male 15 11 26 26 47 male 15 14 8 9
Deration of growth:
Ovigasition to spianing: From oviposited datc to average date &1 beginning of spinning Durtrion of growth:

Spinng o émergence: From average caze 21 beginning of spnning (o average date of cergence
Total: From oviposited date 10 aversge date of emergesce

A, WAREMR TR, Ao Bl bnl
M7= A3(Fig.33, Table 25, 26, 27), i TREF#f
OFHFNUITELVL &4, HREROEEZNLS N
BB ZHDBEMN 3 h 7= (Fig.33, Table 22, 23, 24). =
DEMD, BHUIR OB ERIZIE, SRIEINM B X
O, B AEEROBRIZHBMENSH DI LM FREREH
7-.

) FHEXIBREEHMOERAZOMIASIUVEBLE
Hh 35 {3 4 B Fél D LL 82

L EROEERMOLBELITo/. £F, HixE
BB EEINTIBROSEDNINE, WA RG24
ESNPBEFHFELLLELRILAFETRHELL. £
P, ag=— DA Ty FhLQPEERLZ. RIZH K E
SRR B X (Table 17) #H L ESMPLLIZAMND
ELBIKZET, QPEEEELE. ZOHALEREEHE
HEizHBAMERARDbNIZEDD (A F 2T
RNFr=0.997 p<0.01, 7=t s8F = 0.99,
p<0.01 Spearman® JENZFAM, Fig.31), L EHOPL
AbHEan=—0DMQP, SQPEHELK. ZORE, #
T ESDOEEMIISODEA ST TNATEN3H»

Ovipasition 1o spinning: From oviposited daie t average date at beginung of spinnieg
SpinEng o emerpencs: From average dace it begimning of spinnirg to average dute of emergence:
Total: From oviposited dale 1o average date of cmergence

= MfEZOFATHNCGRALIEZA, F 2T
NFTE, #4771, 2, JIThh =Dzl T, 7awit
INFNRFTEEATIOEIEHEL, A7 UIRONR
M7= (Fig.34) .

IS, AA AT ARFOLHIEBEEBEIZOVTO
LB ATl RENCH L FTEDEERF— %
FELTLA, BAREMNATIE, RERERZEVG
DO, INUBETEE TIIZAT1EFA T 2B L3O HE A B
Aoni-oizsL T, ZHEHMETIE, ThANRRLAL
Motz —77, Fi, FeCiL, /NUBTETIX, 24715003
FTHRLNBZDIIKLT, ZHNETEXIATILNMA
BN T (Fig.35) . ZOZEMnD, mHISOME KRS
i, FE ERAERTOHIBHERHLI LB RSN
7-.

(@) BWETHORHESLUVHEMOLE

FF TN FRF, saw T oAF LRI, PIFENR
NHOBIBE®PPTIETOEINZEDORE B X
ATk, HESEPLHIISPOFIZELIZ, 13T
—RBIZR2 DM A R (Table 28, 29). A A DA
BRI, HEHRIVLEL, ELFLRERORRBE
I3, Exe, F ALY LRELAe>7-(Table 28, 29, 30).
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Table 30. Representative developmental periods of progeny
queen egg clumps of B. hypocrita and B. ignitus at
laboratory rearing

D fon of growth (days)
Oviposition to spinning __ Spinning to emergence Total

B. hypocrita
13 14 27
16 13 29
13 14 27
16 12 28
15 12 27
12 14 26
14 15 29

B. ignitus
13 14 27
10 15 25
14 14 28
10 17 27
12 14 26
16 10 26
16 13 29
15 14 29
13 15 28
10 16 26

Duration of growth:
Qvipasition to spinni From oviposited date to average date at beginning of spinmng
Spinning to emergence: From average date at beginning of spinning to average date of emergence
Total: From oviposited date to average date of emergence

[ B. hypocrita 1: 8 days after CP ]

Category 1 B Category 2 @ Category 3 £ Category 4 8 Category 5 O Category 6
10

o
("]
£, 5l
&% i
.gxé 4 (n=18) (n=11) 20
55 10 f
582 22

7-14 0-6

[ B. hypoerita 2: 4 days after CP ]

O Category 1 B Category 2 B Category 3 [ Category 4 B Category 5 O Category 6
10

= 40
-
-\g g 81 30 F
54
%5 6 F (n=35)
3%, (=17 20
|2 i
35
e a 2+ 10 |
13
2 o 0
15-28 7-14 0-6
Age (days)
Behavior

Category 1[¥ : cating eggs (including breaking egg cells) Category 2IB : attacking queen or workers

Category 3B : making egg cells Category 4B : eggs laying

Category 5[ : modifying broken egg cells Category 6 : feeding larvae

Fig. 38. Frequency of each behavior around CP in laboratory-reared B. hypocrita workers and queen

MAETBHEHE LA AT AFO2a0=—T  HIZOWT, IHLEO BEBHIICHIBEZRELIZEZA,
i, EHBO BHIEBBAL TV DI NV—T D@ &%, 4 WFhoaon=—THLERNPMICPALL-BE%0s
HOLERNMICIE LB %0EED, ERESH AL —7ICHEHEO/ NIV HEHERZVERANELRT
IPEL =& sk Lo/ hEWEMm A R o7 (Fig.36) . (Fig.37) .

IR NNFAF T, BEITERCEC L HE%o AARNNF AT %, 1IEMERBREL-ERE
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Fig.38IZ/RLT=. AF =N I RF2an=—3HE L
R TIX, CP#8R Bao=—i, Pk DB B
BBLCV BB H, BETHESIRLTOBE
EBbhrolo. B, ILE ISR LGOIV — 7 THE
THY, &I, M, EWNRLNT. AR K Eik

{ B ignitus: 12 days before CP |

(X, BEREINCLIIPEOMB IS L ORINTEAFL
HEIZALNT-. CP4A Dan=—7T}, BBOKE
LTWHHE%ns/v—7C, BECETHTENEL
Aohi-. CP8HEDzu=—(Zk~, %158 &1L
LDBEHDOIN—T T, PELREBTHALVEEIC

03 Category 1 M Category 2 & Category 3 El Category 4 [N Category 5 O Category 6

2 10
.5. (n=14)
_:: § 8 ’- 30 +
R
§ 6 (n=16)
:g“é‘ " 2 |
g8 4
5% 2 0}
5%
ES 0 0
z & 15-28 7-14 0-6 Queen
[ B. ignitus : start of CP ]
g 10 DO Category 1 B Category 2 @ Category 3 B3 Category 4 8 Category 5 [ Category 6 10
=
g gt
]
] 6
3d
283 4} (n=14)
g 3 5 (a=19) (3 =29) (n=54)
5 i =
R ]
31 o b d | o _%_J
E —
23 29-41 2128 920 0-8 Queen

Age (days)

Behavior

Category 1[3) : cating cggs (including bseaking egg cells) Category 2 i : attacking queen or workers
Category 4 [3: cggs laying
Calegory 6 (] : feeding larvae

Category 303 : making egg cells
Category 5™ : modifying broken egg cells

Fig. 39. Frequency of each behavior around CP in laboratory-reared B. ignitus workers and queen

B. hypocrita: 15 days after CP

| Solitary stage I

5 o
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0.03
- n=9* —[
1 e |
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]

:

3 21-32 7-20
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Fig. 40. Relationship between worker age and degrees of ovariole and CA development in B. hypocrita 15 days after CP
Different asterisk (*) symbols are significantly different (p <0.05) by Mann-Whitney {*test
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B. hypocrita: 25 days after CP

Solitary stage

First worker emergence

0 10 20 30 40 0
(Day5f

2

g

EVLS " np=ll =15 n=21

g 1-

)

6 39-60 27-38 19-26

Age (days)

---------- ,
dissection of all workers
60 70 80 90 100
_ 0.02 —5 s
8
’E‘ 0.01 |
oo
8 3960 27:38 19-26

Age (Days)

Fig. 41. Relationship between worker age and degrees of ovariole and CA development in B. Aypocrita 25 days after CP
No significant different (» >0.05) by Mann-Whitney {+test

Roni Al Bk EHIT, koan=—LREHKIC, HE
WEINCLAIEOWBEBIURIMTEHIARELEAL
iz, @ian=—tb, HERICLD9 B ~ORKEAITEIN
BEINN, TOHER, PUEEINGER EFTOEN
WEIZEVHIE Thoto. o, Al K EHRLDLTH
THHBH, hh~DORBREITEIZL TV,

T NNFIRF N DNTIL, O oDaa=—%CP
Ai2B AR LT, CPHRREREN-BIZ, TR EN 1R
DB LI (Fig.39) . CPRII2H THoTh, 7 TiZ
PILEOBBMNISEU E#RBLTHWAIV—FT
W, BESICEIAMEHRBEEICALNZ. ZOITH
1, b UBABTROL T THICA MU T TRIRLA
Lotz e ~OREITHI, & BHRELITIEETCE
ATITb T =, AR L ERTIE, IPBEMITEIH
ROBEEICBBINES, SBE~DORBEHLITo TS
Enbhot-. CPARBEN-Y BOBERZRTIL, 29
A LA RO E S DTEIMA D2, TORTHLINEAK
TR ENEEICH 7. BATIIL, 9B EKLIRTR
b, SHELA T O &% T, $h~DRETHH
D Chot-. AR K EHIL, CPI2A AILVLITIIED D
RONLOD, BNETRITHANEV BBz T=.

Wi, A= FAFDOCPLISA BIZ, an=—
NOSBXSDOIFRET IV EORERELIEL, £
N, BHE%OPLED BImHHIZEBLL7- (Fig. 40).
{LEDOAEHORBL TOHOABEBRIZLIVRET T H KN

RELTWAHAABHY, PR TIZENENOXT, 7
FERTI, 330 D4TAERE T D32 A #HIZ95%LL |- TH
BEENBBEDLN(p0.05) . RAFRIZAF =T F
MDCP25A % T, AR L EHRLIECL TV Haa=—TfH
CHEZLILIA, SRRLET I ERORERE TN
%o BBETIX, AEERBDLNL T (Fig. 41).
fan=—¢&b, ILEO B BB ELEBL TWHE) &%
B, FRUBIZPHEL 7B &0 7 N — 7 I A~ GHRE
DINESWMEAERE DT, —F, BIRIZOWT, CP£15
AHE®Oao=—7T, Jki&33164TH UL LO@&E#T
BELTWBENRZVOIZRLT, CPH£25A BHoan
=—TRPLBED AP EHERBO K S22 B F 25 &
L& iR < Abohiz. T74RORBERELIZIZR
BOEB Tho7-M, SRROFEREIZY, HELHm
1RO EN2 ) -7~ (Fig.d2). CPi£ 158 Bhan=—7T
i, AR X ESRBLUOH R ERICHOVWTHELZIT-
7o FIRESRAEETOT NG, JIBITRRETH /-
M, TIZEIE, BLBHOLBLEILEIINHATH
ULoBEslRBEORERE Thok. AIRKE
i, SRR, TOAEKELIZ, BHE%, ik E%RIVLRE
LW, AF /N FRFZoWTEITED, CP# 1S
A HOBE®TIE, FLEOBBIRAL T D X%
IEEIRBRBIUTIFH4ENRBELTEY, ZNOBHEETT
WHZBEL TWAIEMRBRENT. Eo, AR K
WELE#EOan=—TiX, 208 B LORBL-EH
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Fig. 42. Relation between head width and ovary/CA development of B. hypocrita workers
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Fig. 43. Number of dead workers and ages afier CP in five
laboratory-reared 3. hypocrita colonies
No workers died in colonies H-3 and H-5 during the
observation period.
*: See Table 18.
[: Group 1, I: Group 2, Il Group 3, IV: Group 4
Group | workers in colonies H-6 and H-7 were removes.

IRIABR TlX AR d o7z (Figd3) . — 7, Za= it o3F
Thk, CPELOA 7530 1 2/ TH 4 A & w3 &
HILTHY, FIZBEE O B @53 A5V 7L — 7 Ol X 4
MNELSIHEC T DM Aok (Figdd) . lE oo
=—TH, BREMTRIIE, ZLAYEC T
A B G e As, CPRIZIE CEEE 23 R Iz
132630 ORI, £V IEE T8I L LA CLAF A
Retht, 2oz, oo=—R Gl &0 KT
fhoo &2, FFHITEHZRTIEPBEINTE
h, BT HHEH%ON T, EROWMEESPED
I #S ORI L TR M) S A R D2 &SRR
LTWAETFHEERE. UL, Kb AR L-EE
£ (Table 18,Group 1) #[RELIUHEAITo/on=—
THRBEOHE A RLNTED, ZOBRPEBI0IC
13, &5z ETAEENEO B OGN A TS 0808
hoHEFEZONT, B, HESOECT 26N TN
Wt Cdr-oizl-2(Fig.44) i3, AR L EMOIE LT, BLUE
BoORTHMOan=— TR TRL, hoap=—¢E
(XAR B OB BRI A TRA-> Tzt BE 2 Hh .

A1 3579 HUISITNDST 3575 HBBTBUNBBT N

b1 5
L3 L6*
0 0
15 15
1] 10
s s
L] a
10 12 14 16 18 20 22 14 26 28 30 32 34 35 38 0 2 4 6 8 10 12 14 16 18 20 22 M 26 28

Fig. 44. Number of dead workers and ages after CP in six
laboratory-reared B. hypocrita colonies
*: See Table 18.
[:Group 1, [I: Group 2, l: Group 3, IV: Group 4
Group | workers in colonies 1-4,1-5 and -6 were removed.

5 =
AFTILnFARFEIORILAFAFOIOZ—D
RRICEY S8

FFA=NFRF, Taw T AAFOH YO8
I RCEE, WS B A IR by,
HOBME TR 1280, 1A2EA{ED LS T
% (Katayama 1971, Katayama 1974) . A8F%ETlL, A4 A4
FINTIRTF | awanFRAF LI, AT A G~
o F R F LR LA KRB TE AN Y — 25T
WHZEEFWSNIZL, ZOIHHBIC A Y700 IR E Ik
ATk L7z, ok RKatayama (1971, 1974) THG &
NTWHEERIL, 3L OEm LML ThHo, Bl
EHRMOL, 28T, B Y00 158850500 SR
O PESRBEIE THY, 28 LR O X &P % iC B M ob
OINER AL, WAL TDE, miflikt
1, 2HICHLIRIZ2~3IREEFo TV HIENBETE
DA%, BE B, FEIRA LW ImbL D, o H 3K
EMADE, 1, HOINE IR BT V70D,
ZO2FEM T, EINIWOSPHTE TOZHIRA PE S

(1)
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LTWBEEBA A NFRF LD T LG 23
FOENBISAFEICRLS, OB TIXMmEZIER
HoNneholc. BHVOINER R EICHMZE G
, 2THOMEHAEEROEZL, OB OZICERL
TWHEE LN, 22T, 1, 2, SPHiD 3 D 4551
FEILCOIHMAZREIPERYMELT, Z0RK
B LM OB EIT 72, 19974 F6 L TV 19984E
DHENAREBEICERIBET -0 0HELESH
SREESRHIRNT, A< T RFA336.60, Zaw
FRFNATE5H &Y, 70w ANFNRFOHFRENTE
ARbdof-(Table 20). EEOazo=—Y/-0D{Ex%
EERELA AT RFTII45.450, 7w )3
FTIRI0T6HTHY, ZHRINEIN Y OFE R &R UH
M Téh->7(Table 21). 19PN DIPEITIFRLLTHD
1088 CTHH (Jrib 1993), £910 A B M 8\ ME 700>
L100SA D &M I3 2L EZOND. REOR
BT —ZTRIOvANFARF PRI AN FRF LY
L EHET2.28HE <> THY (Table 21), IR
ERRERBLTW . 2F0, MROMIE L E813H
CR—ZRTHREFKLEIIZL TWDA, I A-T
b, RERINGIVBDLLIETO AR Iav L)
NRFDFBKII0E MRS, £ ORERM &G54 ERH
ZLRBEEZ LN EBIZ, A=A T8 F D24
EERE T, BARFTORNRT, ERo&EV5
BT CERESNI-BEREDOH A, ZRIIREINYIRASEL,
BEBAERSLOH L EREEZERLROEBEICH
BIENRENT.

Hri F¥OEEBRYTIE, 7oA T RFRER
BYWOEATIBPLTHLDIIXH LT, A AT
NFTRERVMOLRE, #0171, 2, 3051
FENVTNGHER TEE, A4~ F/3F O E &
HEITIR, ENFEFTORMKT, EEOEWVERT T
HLEINT-EEBET, 247 18RI, EHOEWY
I CREINIFI T, Y47 3IEBTHEmMM
Rohniz. DL EDISBEVBHEC AN, 2o
LIS % A AERBERYF—F—LLTHEMILT DS
BICEEREKELELOLEZOLOND. R~ ORY
X—arDBRE, bR ERIELBELL OO E
(LM &% THY, A ReEITiTAe . Katayama (1994) i, =1
RANTARFORBEHEHLENCEE LB EHFI
W, WL OAETFRLBELTHY, RAMEMRITEAN
IEEERMEBRIVLFEMNEL, PEBANDI6H T
ZTOEFENPREBPTHILRLTVS. HERRAIZ
WAL AT AAFDEESEL, ThENIZHGLD

Z, 0= —NOMEHEITR 2 PP LTI EMR
b, EDMEAEMBIZIREIND. TDk, ao=—
NOMEEBITER EoEATHEPBEZHETIHRS
UMIRB. SEFARZ2HEBIC YW TIE, AT
NFIOL 7N NFRFTCHEIMAERNEL, T
IROEFRBIML RV LML LT,

FEREROEERNERSLE, TN F AT
&, 702N FARFILHS, FrhkESRAERIZEW
TRIEWBEEZLDIEBRENT. BIZF4T71ID LS
R, AR EESRBEONF R ESLEETIEFLH
Io. ZOEH%ava=—I3Bombus terricoldiZh RHENTEH
D, &k A E BT D R W28 D (Plowright  and
Plowright 1990) . B. perplexusTi%, i # D\ \ano
=Y, FRESOEEELZ W HANRLNTEY
(Pomeroy and Plowright 1982) , A A=/} /3F TR
b4 71DOREE, —HRICETI2HMEIREVD
DO, MU RITENZENTFREND. ZhbDlhn
b, RYFR—F—LLTHRFET DS, At <t RF
TraeinFAFInbagm—H A XEH—IZT3
TeODBRBFETIHLEENENEEZILND.

KIZ, ThoDF—F#ENTO2BORMITHTiX
OTRI, A FRFL, JaendF R 3F 2]
N, EHEOBWEHRTIZL S ATAEEAHS (FHiE
1993) . SAICKESHNBANLED, EREBIEL-L
T o5&, AF2 T RFTCRENIZFZATUITH, /0
INNFRFTCELRENT=FAT73IX98 LAIRBICHTE
DA EETHREMENRHDHIEETRBL TS, <
NFRFOEAT UL, SRR OHHIEH A FHF ML
RESNIELUHTHERNLBETHLEEILNRLS. ¥
AT7BDISRTGHIT, IV E DL ERERTIENTE
58, ArbRIIHTTLKBOERRNBLEL,
5. XDHITE, BRELFEHFBICELRBBLATL
EIFREMAH D, A NNFRF LI AF
HEHFHISEWGFT CTRRIFMICAEEL TV DLO0,
EEOBWBEI Tz AT RF iR RbhAl%
B. DL, Jue AT RFRE RGN ER B
EETHHMBHDOILLBEELTWAEEXLND. F
T2, FA =G /3F O S B B ] TS RS IR RE SR A
Hl, BLRUBH L EROEERPTERROLNZOL,
FRANFRF IO N ARF OB ELRE, o
MIREDOPRABERTED. MAIKOZEH E1L, 2000
5300m THDHH, BUDREIIKRES R LD, BHFAT
i, HOPLEBIZEL TOAHE»OIEETORMBE TR
#L7-. BB EIZIX1000m A5 1500m O [LASE A2y,
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RIZEAEBFHTHD. o, BEMOPLETLAS
2 ANFARF IR TES. —F, MLETEE L LD
BRIDVWTHIIEND, ARHMIVERDOEWVEATIX
MR RIZAS. BHH T, 48 TOLLHEENLE
DA AN NFRFEHERTEDH, /MUBTOLIE
Tit, BBIZA>THO R EML R TES. Mo
KB F— Vb on, EED &L/ LETO 58 AR
DFH, BEF OB KR LY RINEINHE A ES, B
L ERDOEERIIATINE VO, BICKiERE
BRI LB TEIREANLILETHHIEEZTHRL T
BrEZLNIZ. LL, AR, FATHY, B4t
FREMEK TR, ZOBMMITARTIIR) 7. BFAERE
BT, FEMORENDMLRWIENS, ENFEE
SETEONEZT —FICLRBRENELDILNERILN
5. —F, FttROLXESR T, ZOLXEHOE RITH
EETRRTDHIENTES. -, TOBHALHARE
RESBFOBRGEERBICEENEIZZO L Etb
RRELEZAAGROBEHFBRERRTHLOTHY, £h
FROMEEEBEOMEERLTWDLEEZILND. I
7L, BAREIRLLRIERDO L E®REY TS
THRIZ, SNHDBRIZHOWTRH- B TITbh -7
HEMDRHHEND, SHIHER B FEEYRT LT, an
==Y A XDOBEHEEPASHICTILERHD. F-, &
FEOREESRIARIL, AR K ERBHENL ST RS TATH
ALEZ 5N THY (Duchateau 1991) , AF =L/ /8
FTOIOHMCHIEM ZERHDEVIZ LT, an=—
PAXERDIBERIZBEBEMESEHY, THICIo> THUS
BEEOERBELTWARIERBELLN. 72/5L, %2
EEAT IR LT FLNNFNFR, 2O HlEEE
FFEICETILRL TV RWODMIZ DWW TR A ES.
LHAA, DFOE GV, an=—ORESAYF— T
THRBATERVS, TFe AT RRFOK 2 RBH
DOBREBEHEEGIZHLNZTILENENRHSS.

KiZ, IR EROEERBLaD=—ADRRID,
FLEBRDOEERAVMERDIERICOVTERL.
LAY F AT AT AFOan=—% ZHETHE, Al
BMEEHOWRWEOaR=— T, Hk EHEENRLE
¥AEMABHD (H L 1996, Cnaani et al. 1997) . /=,
Bl E%ERVKRE, HE%RENLEDSELan
S—OBHEREFEFERIV=—IZANDILT, DEDH
H X EREEETHIENTEDRLENTVS(FY
TATFN TYV—=T7y T AT 1999). ZD2K
IBETHIO0R, RESROFENRIIRIR2Tc It
BRLEBEHRPVBETHILEELILND. EA3VF

A2 T AFOBEST, EFERan=—TbHP k%
158 LAEA LI DR FEN RO 5 EAH (Duchateau
and Velthuis 1989) , AlE% &K E¥H AR oTam
ST B REIINRBEREBZLOND. L3S T,
an=—% ZHEILEHE TR, SETHIRLESNE
AL TV IR D IR LB S & A3 PERL 7o AR 3 By 90
DINENRESDIEIAD. ESREED TV D&%
FEERaAO=—IZANDHEIZL, FROBRIKE
BIENEZLND, AERTH, KEREENITONT
NEAHDEEIL, 472, 3OBEIVTRE, %
FEONL R Z IR n=—NIZIRET A THD. &
F2 N NFARFTCRONZZAT1Da0=—T}F, SPH
BUVMEBICHZZEH D, A B ORBERIERH DL
DO, Bk DOZREIIP R T D& IR ZTREINH PEIR
ENTVWS. FIRER4EEOERLL T, THIN, £%
FIRARERFICan=—NICHFIETHILN, FikERE
EEBIEECTERTHOAEMETHLIILNEZEILN
7=. Roseler (1970) 13, R AR L EHROFEN T
BA & EEEIERLERL, SHIIKER®ROT =
QENIEST, ZRIBMSEENIG RS, L E®IZ
BRETHILEIHIL TV DEE X (Roseler and R sseler
1978) . HEMIZ, EAIUF S~ AT R_RFO L LMY,
B, TCIZSS, HE®SHBIVL R OGHFE R
FIREDE A (Cnaani e al. 1997) , AFED & Tk
BHEDOSEDBFILEZA B LARIZ R AW D00
ICDWTOH BT, £, BIZL WA &4%%
ERRaao— I ANDIABRAR L LSO T 20T
BBIZED LI FBERIETONZHOVTHHMETIX
2, FERESEEICHDIERABOMIT 01
b, SHBRTREMETHS.
FLEHIIHLITEDIERLL T, Zhboogh~
DEITHLHEHETHIEEZLNTWD. B3V 4F
TINFNF TORE AN BA~ORIEEE L, HE
B<AAB<FLERTHY, FICHEIANT, Hd
DREIZELR>T, REFEN LR TIDIIHLT,
AR THE, BRI @HE%RI0b&EE TRISH
DN, HERIZIZTORBENBE®RIITIEELIL
{795 (Ribeiro et a/. 1999) . X512, 1A H=VDFAEH
NSRBI EEBR THY, BT 2E IR
REEIZBODF WM ERAIE IR, BLTEOY
BHCEFRERHIEEIONTEY, HICKEROKE
P ~OREAEMBIRVERICHSE. ZOZLL, B
TOMRMBEBICLESR, BHEROZThEnDHRIZR
ROTMEBELTVWAZEERLTWAEBEIN T
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% (Ribeiro  1999) . LH>L, #BRE A& L 1L AIRR
RESHBEDIORERELEITHREF EEZEL TS
DIZOWTHDLD STV, Z2TH, OS2 RTHR
WBBHEPICKREIIBFEETHIET, REHIOA R
BBORIEEZRINCTAZEN, KEHSL~DYHY
BAIIRYIDEEZ. 5%, ZOIORBANBLLE
BAEEOERD—DLLTHLNIZTILBEMERHDL
Zzbi. ’
() AAINNFTNRAFEIATLNFTINFORETH
BT 58

34 (Competition) 1T &) i%, Duchateau and Velthuis
(1988) T, My & e (C KON EDRHE, BRI, B ekiE
N, Al R ES~DOHBLLTERIN TS,
Katayama (1973, 1975) &, SRZE MBI N BT &2 A4 A
CINF ST e uNFAF TRELTWD. A
RTE, MEICOWTORETHEBEL, travt
AN AFREEDITHMMRRONDIEERL.
FHRIZLDINLDOITEARI > THHRECIE, Alikk
EHIIFICBHER LS TEIEINIVEEL RIVT DT
BEPOILTRY, BE%E L ESPEINTEHTHRE
LTWAZERALh Lo, B0 Fd A <G F
Tk, KEBROKRFMTELOND 7 =T IILAT,
W OEITEIAMRISN TVWAIENALHIEINT
WAH(Van Honk et al 1980) , IEHRon=—THLEZ
HiIPEHEI5H LAENLINRDRBEN RONDZEND
(Duchateau and Velthuis 1989) , Z DM NI RFELT
HHLEZLND. KERTY, AR ZESHOWDIA A4~
NnFARFOan=—O@EEELHFLTIL, IPRBIVT
SHEOFEERELZRELZLIS, PO B EIRE

BLTWBBHEB®RDOIN —FTEVVEEERLVL R EL
TWAHEASALN, DIV —TOBEEBES
TEER LS TWAEIERFmNIEN b7, &bz
RNNTRF T, ZEHOBEMBEEZRLIF T, P
HBORAFEHPEBL TV WEMBEHE O - HI A
LTWBAZEdbhot. ZOBREOBERIZHALH,H TITl
WA, BB FIZIIBESNAIR L ESMoOBHES%E
KETHITENRLND. &bi2, BERFEE T T, auo
Z—DREEBETIZEAL R T AEEHMN VR
T, BAMLINH208 HILEVBEBROFE L KSR
W3aiihn, ZOBRKLBESTHICERAL, ZHOE
EHICI-oTH N HEUINKBINHERTHHILN
BB TED. KEWMETHLET, FIikEROLEERY
BRIt BEMICARO L TR EFEIRS
FERHBRATHD. B, MEITHIRIR A IR
D, BUAIR L EMOENLITON, ZOHHOIING
Tk ESBRKBICAEEINIEAMMBHS. LoL, BHE
RFCAIRR K BN BINS, HBHES%LRBIH
LFB, Lo BRIE, FXEREEICAORELR
T, £IC, ZOTBIREIETHHIELLT, BLER
DFHEHERETIFEERALD, TOHRITHHEL
TiZE Tiddeh ol BEEITENT, AA~ANFTFD
BE, AR EESROEERIT, BHE%0BRB OIS
T7AEDOFEEREDOE, BLUENLOITH B EHBFR
IR DA HS. LaL, AR K EdAELEEN
TEHRIET, RERSITHICEMBEL, KEROE
JINERINZIMIOWNWTIE, BERIBELTILEN
HHEEZLND.
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ol HEEREIULNFTNAFOEBIILDOR
YR—2—ELTDHEE

TAIVAF AT AFIE, BRHERITEICEST
BRI POZKYE TV (Banda and Paxton 1991) ,
PSS ZEBICL B TEBIEN D (Free 1993),
B2 bOHEHRFY R —F— LU THFMHEIN TS, 2D
T8I, SEER U480 B AERBELRF N THIE
LTWARRIZH BB, A3V A=A nF3FIET
RonAiTE Ciddev. UL, BRTERBEO~L
NFH, b MIHEL RO ITENZ DWW TO 5 R
Mholo. 22T, AETIHARERBEORY X —F—LL
TOMRBIVEDITEIE IV L T T F L
LLEE AL 7=, 8 T, R RO DMK L BB 4
DEFREABLIC, EHERELBMLLEZHETDHO
AT EATV, BIE, EICRAEh TSR avtt <
NFARFIZAARERBEOR AL B M TR
YR —a Wiz OWTRLS.

BEH FIFTORYR—asHR

T
TAIVA AT AFIZEBIEE N ORY R—
varid, HEOFVECABLBIZLAF R FIEICHEE
BB EOENENTHS. IbIZ, ZoHMIE, b
VhEZHRIEDILIZL>THEXRRIEND, FAE
VHRBRTIIALhARVEFAERSN, BERO
PY—-HRAEL, ERROBEEFMIHIENHKS.
WBIERITEHAFNCERAINTOWBHEL TR
< AATH, A TNV —"Y(Actinidia deliciosa)( Corbet
et al. 1988) , VU (Cane et al. 1985) THESh TV
3. FEINLOBETIX, B30T AT RF LY
HOFEIZHOWTHLERLTWS, 2T R_F T, (ED
BREIZIELTENERDOIENLIER), EERET DT
Bh% FE AL XE 5 (Heinrich  1976) , ¢ ICIRBIER D TTH
ELOVANTAF TR, WEIRHHIFLZLIZE->THE
BAZIENETIOREELLSEHORY X —avic
ARLEBEZONRD. £IZT, AT, BARERFE~L
NFRFTOIIA~DIHIEITH), RV F—ar ik
AL, BEAavFA A T RF L. &
B, XFHOFERIL, Asada and Ono(1996) ,Asada and
Ono(1997), & M (1998), ¥ H (1999°, 1999") (&L
7-.

MHBLUEE

(1 $tER

BAERBEO A NFAFOhhs, bvb~OFHIE
HBLOHEDRBBOONIBERTEL, B3Vt
FRNNNFTARFLHEETHO, EA3VA A<
FARAFLEEBRTHY, BENREBTRAIELRSFA A~
WANFRF  Jae ot AFOEBLY, WEBT
13555, BRTEWVWDHIREL O NFRF, 2
CANTAFOEEMZ, GHABEREMBELLTE
FORRIZHR L. A= " 3F, saei Tt
NRFFENFAET CEEaa=—E2HW-. a<wind R
F, Mo FRFE, FNENI19954F5H 250 BT
HETE T, 19954F9 A 18H M| R EA HRT THREL
Teag=—2RWi, ¥, BEfavdt et F
1%, RS (Koppert$ 8) 2 {E AL/,

=/ N T NF 1T, 250mm X 175mm X 120mmoD K
NEBHNTRAELan=—2 AW, £, 13t
ARNNFTARFLWAR, CORBITHBLTHRL.
INoDao=—% ARG (CEEMNIZREL, 30688
MOBEKT %I, BAOHEBHLEINLT, HEFX
PIZRELT=.
(2) FIFTOIHETRHOMRE

BUETHOBMERIT, AR B LM 1ER, B
FERICREL-MZE2E T TITo7-. A OME (F X
BIX 8 :2mX2m X 2m) iZ1%, 18V ML AR THEIEL-M
~vhEREL, ITEOFELERELZ. ZITOR=MD
AR EE CBERER BEABSTIS ‘S=Fvu’ AV,
“BERER “BEKERTI3 13, ENKFBLHMBBANTE
HLZLbDOER W, I=X v EdiROSE 2 V-,

1B ZPIZ2m X 3m X 2m (§E X B X &), 1.8m X 3.6m X
1.8m (Kt X B8 X ) OMABEL, TEH I (#300) ZH 0
THELERL. BENCERBLAEE T, SE
PR BR 3o K UV BEKRBETIS @ L. BEREs 1T
199654 A 3R IZHEHEL, 5H IBA ICIREWNIZRBL-E
FBIZER L. SR, N:P:K=20kg:25kg:20kg/10ad L,
N:P:K=5kg:0kg:5kg/10a0> i B % 2061 il A L 7=. “ Hk KB
T3’ iZ, 7A 1 AIZHERRL, 8 A ISH [THEAICEML
7= . 7t IB X, N:P:K=20kg:25kg:20kg/10a & L ,
N:P:K=5kg:0kg:5kg/10ad> BIR L 4E R A L. Zofiz
CANFAFOan=—%(RBLCHETHZEE
L7=(Table 31). 728, MENTHIELTWAEOES
MET D0, 1B M BERTHRE LG I=
Y ERBROILWICARBEATERLE. 228, h
LOSFMZ DO MIBBIKRORITERT57-0, R
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REMOEBANCHZARAN, BIELTHLOBENIX

LignZleLi.
MEBENTIANFIAFOau=—DHAYOFH K

L, BTEITHREELDERH-T. PBIETEHMNHEE-

BF T, £ OITBIE (35 1L OIREER K (UL T Buzzing®
B9 ITIEICEED, BEIZHBEL-TERETIRNE (LT
Grooming& #& §7) | [ fEH>H 46 ~ D 4T (LA T Flight& B
T)IDIDZHEAL, TREThOKRMEZRIELE.

Table 31. Periods and tomato cultivars used in bumblebee foraging experiments

Specles Period No. workers Tomato cultivar
B. ardens 1-8 Jun 10-15 momotaro

B. diversus 26-28 Sep 30-40 momotaro T93
B. hypocrita 12 Sep-3 Oct 30-45 momotaro T93
B. ignitus 13 Sep-9 Oct 45-80 momotaro T93
B. terrestris 26-31 Oct 105 momotaro T93

(3 RUFr—LavtEhoRE

M hTORYR—var B NOBHELRIN I 579
{2, ATEELT-MEANTOHERREOIMIOWTH
REBIVCRELHOAELIT-.

T NFAFRBIELTEIZHWT, BFE%I0B A
CEREOHEEITD, SANTAFOBHIIZERELY
Lédr, FBELT, HMEANTHIEL, v AT ARFD
HIEEZERD ST EDFREELAEL. b= rDTEIC
%, EEOBRMEIEFNTHIELZZIERFTESE2{TT
THOERL 7.

BT AFOHEITL>THERLULRELK
EHFEIZEIWL, Z O € MR 5 3R A
EL, ZRREEZRD. EROBREL6EMIZANEA
L, RERAENIL LOLOEZERMPELLE. DT, 1R
H-OHFEETELE. £, e ALRBIZE
THELIZRELOWLEDID, 4-CPA(r=  h—r
Co.Takeda FEngei) %, " RFRTL—%2AWT, RIEY
Bz BICRET R L. A~ G 3F, s
INFRF | BALITFFNANFRIFOIFROBIEITH
FECEMTHELE. £, ThHOZHIZE>TH:
BEOMHAELHETHHIZ, 2mX4mOE =4/ DR
ARy MTIRIAEYID, IR Y7246k TRHIERBRE1T-
7-. b=MZ, S T RPECKER 2V, 199748H 2R
{2, BRRI80cm X AR 120cm T EML -, i~ nF N
FIzi, BREEE CHEAA AT RFLrawin
FRFoan=—HLU, A%, AIGC2HETHERALT
WARBRBICB LI Eqavtt=A Tt R"Foan
=—&FW-. RbOan=—Fh< O3B EAMTE
L1997 8H 2T HIZEN TN DX NIZREL, 47256
BB DIEE~DOWHIETEHLRFIAI0E ZTHELE.
PRI, A BXICHIEREREL, 4B B

JUSEBORED LY, FIREIZHO>VWT, E, IR
LTI, EREE, HOKETEE)DOKREIIZD
WTHRELE. 28, BORIZOWVWTHE, Fyy/R, i
BREERA U7, F7=, PRI PIC2E, IBEZ@LE
CNANFARFOBFETHOERBEEZITV, 3007
IZE X THEL TV DEHEHE, HERILTORVLAR
MW B &S, BN TERITHEZL QW AHE%EK
gL,

w2

(1) FRFTORETH

L7480 A BERBoANF ST LY, BED
WM hOTEIZRAIEL, RBIEBITSA R TILRER
L7- (Fig.45) . MfRE %3, ENOHEIEL T, ST
Mo THRED, 1 BOMT, BENOEMA TR
BENTRBIENRBEENT-. b DIE~FHETDHET
DORFR L, EBEICE R R2HLAREELK (Table
32). A ANFARFOBETE, K%, 48 BICh=
FOETRIIDOFBIEITHMABEINI. £DE, b=t
HERML, 2R ZICHOHERREZITIE, Fy23
I THERED. bbb DOYTEERBRLINFT
%, —BFAIZh M LRRREL Th, (ROIFIERABRFIZIX
HIEEVEEDETOREAEFLIERETEAMBRLN
fo. F1-, LD Th=hOIEICHIELIZw L F R F
T, BELSHEEOWTOLYL, - TOYTEE
FEHIIRITEIZRL, ZOHETHERELDIBIC,
BHIZELT BT, MREZRBHIEIRHEHITEIZ T
T I ot BAITAF T ANFRFI, b=bDTE
TR BERITEEZ R 00, b=bOF R R—
HZ— L TEHMEIN TV DA (A 1993), 4 El, BAE
AFRIZOVTY, Mo hOTEICIRBIR BT EI A R 3 28
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Table 32. Days to start of foraging by bumblebees on tomato flowers

Days after start of foraging test

Species 0O 1 2 3 4 5 6 7
B ardens ¥ ¥ X O

B diversus ™ O O

B hypocrita” X — — x - = = 0
B hypoerita® X - %X 0O

B hypoerita® x x O

B ignitus X % 0O

B terrestris X — X X 0O

(O Bees observed foraging
X . Bees not observed foraging

— ! No observation

*1 B diversus colonies in this observation had experienced
buzz—-foraging on tomato [lowers.
*2 Three different colonies of B Aypocrita

B. diversus

Fig. 45.

MzEsin gz, IR IS, #iE KUACnlide Tl 42 Al
ThEEN, BAaudd =3 LR, HHE
(L0 gy sk SRR AR RNy (NN B el

U AT AN TH A T3 F Taw g s
R o =L i e PPN RPN B (U L B el S
T, 1 H MO EREE RIS, WAEBE P oEs
2XEHHLOO, FEMZEIZRD ShRD 7 (Fig.46) .

LinL, ZhofTi A 4 L, £ OREMA B2 LR
FENRRM BNz, [Buzzing] (Fr/ 1R 1%, 2= b/ F03
FWFA AT NFAF Faw it F LAY AF

B. ardens

Japanese bumblebees buzz foraging on tomato flowers

VNN FASFIVEEEICENS, [Grooming] (:/1[8])
W, a8 F 0, g d gt AF L
LA EICEDoTz. [Flight] (F/10]) 1%, 2<=mnJ 3
FEFT=NF AT AT AF e
FARFEOLAFICEL, AA AT AFHIRBT
i, ZEw Nt ST R, F Ao T LTS
AT AF IRV RH7z (p0.05) . 72
TANTAFE, WTROTBIZ o> THRWEIRIZ
&Y, 1Yo, 1L.9JE R Iz~ 72l
72 o>7= (Table 33} .
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Table 33. Duration of behavioral categories and number of flowers visited per minute by five
bumblebee species

Duration of behavioral categorv(sec.) No. flowers

Species Buzzing Grooming Flight visited per minute

B. ardens 5.4 a - 5.9 ab 4.6
(n=77) (n=46)

B. diversus 7.5 ab 5.5 ab 4.5 a 4.2
(n=46) (n=9) (n=36)

B. hypocrita 12.0 bc 4.0 ab 9.4 ¢ 3.6
(n=39) (n=23) (n=69)

B. ignitus 11.5 ¢ 7.5 a 15.0 ¢ 1.9
(n=40) (n=15) (n=34)

B. terrestris 8.5 bc 2.9b 8.9 be 3.5
(n=52) (n=24) (n=34)

(p<0.01) by the Mann-Whitney U-test.

M B. ignitus OB. hypocrita @ B. terrestris
100
4 ] ]
’ ’ / /
V] Y/ 9 %
90 Vi Y/ V] 4
/ Y/ V] V]
/ Y/ / V/ /]
V/ V] Y/ V] /]
] ] Y/ % /]
80 | 9 9 Y/ 9 V]
Y ] Y/ 9 9
9 4 9 V] 4
/ / / / ’
70 |- / Y/ Y/ 9 %
/ Y/ 9 /] Vi
2 Y/ / ] Vi
V] Y/ Y/ % %
. ] / Y/ % %
60 | % / Y/ V] V]
/ MBI
; 8 VI /I V.
50

29Aug 30Aug 2Sep 4Sep 6Sep 13Sep 17Sep

Date (1997)

tomato flowers

i

Fig. 46. Foraging rate of three species of bumblebees on

of fl with bumblebeces' bite marks

*1F

ging rate (%) = N

/ total number of flowess X 100

‘1 Means followed by a different letter in the same column are significantly diffefent

(2) FRMZRFTBRYR—S3HR

7, MENTOHERRTIX, 480 B REXKED
TINFTNRF L AATF T NANFTAFO, %10
A B CHAELLEREL, W hbsanb100% %L,
M ZIBROSNRA o7 (Table 34) . iz, ZhHDH
il TEBERb=ME, WTFRLBEFRARMNE
Hoi, REAOERROBERLO~T% DT,
LB HONA o7 (Table 34). —7F, #HFNL
EUH (4-CPA) IZK > THE RES¥ M= T, 28%DZE
RARBBEHONT.

RIZA—DOE =AY ARZIRIZEYINA A=A/
FRF, Jae T RF, BT F I ANF N F
R E RBM AR TERIEEHR T, K

Table 34. Fruiting rate and incidence of puffy fruit

Number of fruits

Incidence of puffy fruit §%2 Number of seeds
per fruit

Treatment Fruiting (%)  examined
Pollinated by
B. ardens 100 (n=28) 24 88 12 0 0 0 O -
B. diversus 84 (n=57) 24 83 17 .0 0 0 O 132 +56
B. hypocrita 94 (n=62) 43 81 9 2 5 2 0 123 +47
B. ignitus 86 (n=91) 66 74 15 6 3 2 0 127 £57
B. terrestris 88 (n=75) 59 8% 14 0 0 0 O 149 69
Spraying with 4-CPA 82 (n=33) 42 38 19 17 17 2 17 6 £15
No treatment 17 (n=76) 13 92 8 0 0 0 O 109 +60

°l: Grade of puffiness
0123435

mature & puffy
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Table 35. Comparison of foraging by different bumblebee species on lomato fruit quality

Mean
Number of seed Diameter of

Position of Weight of Incidence of

Species inflorescence fru?ts(g) per fruit style mark (mm) puffy fruit (%)
B. ignitus 4 175(n=35 99(n=35 2.3(n=35 0(n=32
B. h%ocri ta 4 193§n=65§ 129§n=65§ 2.72n=65 2(n=63
B. terrstris 4 190(n=63 109{n=63) 2.9(n=63 3(n=63
B. ignitus 5 203 (n=50) 105 (n=50) 2.6(n=30) 6{n=53)
B. hypocrita 5 182 $n=23§ 121511:23\ 2.6511=2§g 4En=g4;
B. terrstris 5 189 (=50 108 (n=45 2.6(n=45 4(n=51

No significant difference (variance analysis) between bumblebees species

" Foraging rate —e— Number of workers
120 30
100 | 25
-
)
[ g
X 8
80 20 g
60 | _ lsé
B
-]
40 | 10%
z
20 | H 15
0 0

230ct 310ct 1Nov 5Nov

Date (1997)

11 Nov 14 Nov

Fig. 47. Relationship between foraging rate and number of
workers of B. ignitus colony inside tomato greenhouse

*1 Foraging rate (%) = Number of flowers with bumblebees' bite marks
/ total number of flowers x160

ROEIZIXIELSERHILOD, = RFOFE
ICLBRE, TRRORARE, BROKEEIDEID, 3B
BoNRM-o7- (Table 35) . &51Z, HE RO 7oL
NFRFIZONT, aa=—ROBHEBIFEMEL TV
HIE~DHEROMERE RDL, BHERITBEHOB L
LEBIZ, 2BMBERBRAIIETL, ZO®%IERTK
EHA LR Rbhieliz 7= (Fig4T) .
VifAMMPO8 A1 B BLUIH 20 IZFT~T-2[E il
BB REFg A8ITRLIZ. Mok TH-728
H21843, FaietEno3fisb v ANERBL TV
W& r R c&iz. 3SELL NV RARNDIREMNIBCIZ
ROT-FHIRENBHN TORERITII A2 RLIZ. Ja<L
INFRF, AV IF T ANFAF TR, EBRITHE
RLEADL, BROMIC@HEGHRSVZDIIIL, A4~

NFRF T, EERITEIABEDLLELIZ, IZEAEDH
EEAHEL. 9B 2R PRI BE BHoT-b D
O, FHITIIWERY, RIBLETLZ. [IEMA0TLU L
222 T RI8IE A S 10FF O B BE BT B 23 b7,
RIBOBETEEBIZEBITEZLDBE®MAH I LD
DO, BRMOAER-T- 120 LLETIX, 8A 218 121
WEFBEDH O RHN1-250530°C TH B CiET+ 518
ETIILA Y RN aldgotz, —~BEROHI-1-F %
BEFIZIEBH LB BMA TOFBERLED, FORDOBE
T TFhbimiLr.

=

ARBRTHALELAERERBOV L FAF 1, W
THhLM=MIBIEL, RBHBEHITEIZL-> TIEB 2R
L, KETHZWOL LT, Eravtt~wing s
ERBRDBFIEDIRBF (NN Ah~—2) K LT-. 4HDHD,
Bombusti JB 2%, Pyrobombusii B 1538 FE THY,
BOOI1RIIE TR O DiversbombusilE |& Th%. BRER
DZANFT AT, BATREOEWYI 7RV
DEHENPLEMOIFERMETHENF LV ayoRLD
ErHLRVAYEE> THEERRETHIENTES
(B-ZRA 1999). —F, EEROANF/RFIITE
FIZOMZREML, BEEELRETIEETHEL
DHENRSHD. 1210, WThOML R MIFHIE
L7oRRICIZIEIZEEY, i MiEL NS EALIRT
haRe. 2%, BHERTHZRLTWIEn
5, INHED=ANFRF IS, ERoE4Es
BENZheMIFFIELTWEE LGNS, ZD0, &
FH, RERORRZIEELIhORY X —v a2
BNV EEZON. T, OB EILTIT
REMEHITEIZ R, TOHRITIOTEZMESE T
CRIZOWTE, REBHESIEORIEIELT, £h
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FROBEILZHETHO Y — 2 LS E D5
(Heinrich  1976) £ —¥L THY, b~=rDELLELNSD
LOBREBTHY, B’EIZE->TEABBONDII LT
BIOFIETERBL TV BB,

BT BHEASDRE— XKL, FENEhOH
WKZDOWTHIBITH&LLZ S, Buzzing® B, o<

21 Aug 1997

Fanning [—JFlight
60
40
20

0

Number of observed

behaviors

@l Resting cutside the nest

NNFRF BT REWEMICH 720, FRE
TERERROWIEDDL, TR RITEBENRNEEZ
LD, 157 E HVDIFIEETIE, 7o nF 1 FR
PYipEm R RLNT. ELSIE~DORITHERBLOE
LA DORATEB SRV ZENS, #iEEL TIHIET 5
FRIC AP 7pignTebBEZ NS, BT, I~

—&— Temperature

nensd
Temperature in
greenhouse (C)

[
o
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Fig. 48. Effect of greenhouse temperature on behavior of three bumblebee species

H: B. hypocrita 1: B. ignitus T: B. terrestris
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FRF, FAANFTAFRBRANOELRD LER
O, b= FAF IR RO TREMO D 25 L5
WZRITTADIZH LT, 2w 23F 1%, Bhbit
O EDOBRKRERIZEDI > TREEMAHDHIENH
BENTWD(FIL-FES 1980). 7a<wint T
i, KBPEENOLRVWEMEF LS TSI En
5, ARBROLIREISITRVZER Tk, AT ~#
ENbHIIETHITEMNEBRENLEZONT.
LML, BALITAF T IRF, FA =G s3F,

I ANFOIFEFR —OMRE3DICX Yo

R COWHFARBRTLERBIIIENELS, EHHFED
ETIME RV EEX N, KRB TOESIVE
A=V /NF /3F D Buzzing® B 1X8.58) Th -7 A3,
Van Ravestijn and Sande ( 1991) Ci%, 3.7 &L T 5. =
DEEEL LI EAIT A A A NF ASFEHBATHE
BRBREHSIHEIN, 100261538 =—%1ha®
FIHMA T D008 L& 7z (Van Ravestijn and Sande
1991) . /v H - $K(1993) &3 IE R OB 5, 102X
eoillao=— L Tna., ZFRBRTRHBEWERTRL
N TORGTHILIZZEMD, BEIFFELEIE
Do, EHITEREBIOIEL T, Buzzing® R A K<
RolZELEZIOND. TRENOBREH THOIHE
THESORETHILET, EAICH R, BRHAED /N
SWEANDORER N M TORERFH R ERALIIR
HEEZLND.

REfh<h T H 10a 4 7750 K 2L -5 S,
KEFZRI=MTE, 1HBIZIBRT2063TEM8BETII LM
b, 18 1500%2522507E/10aB BIE T HLHEEESND. 3
LT 2EEEM108HETHE, 1THY 21500522576 ~
DFEBKELRD, oA FA_AFTCIRLIE/HD
BIEEETHIIEND, | FICLELR15055H225E ~D
I, TP OIAG LN LEELR., JFTEHEMN
IBWEEEZ RLIsa~ AT R"F Ty, A LXME
BRNWEEZLND. 7L, NE, PEROMITIE,
EEPOEENZL, HIZ/NERTIES0H 61001431
EFIZOL. ZOHAITE, ELTEDHERMMAKERNH
I ASEWZEDL, HTEITEI NS — L KRERDOEHE
EIXRRBEEEZLONDZIEND, ARBREFROMNE I
BEI3&xHMETILERHD.

ZHOHRITITEMENBDLNT, 1R YV
FERPEFRBROBERE TORAIAAF =/ F ]
FEAARDERMEDOEITRVWEEZSNT-. R—DHE
BNT, B304~ AT AF A= nF R
F, 7O NFSFEEBLEER, b~ oNE, &=

AROBERECEBOBHEIZLEEIRV. -, &R
RO &% OITEIL, 30°CLUL ETIREERAITEIAEEE, 3
EATWHREILLTEY, FHETIZ OV THLHAL3
BRI TOEZRLN TR, an=—DREEN TOM
el A ATRERE M I oW i, ARBRTIXIM A ETL,
B TE Mo, MAS (2002) Tit, BA3VFF =
NFRF, rae ANt RFEREHR I ORY R—F—
EHAL TR, @epaa=—%#EAThIE, FIH
AREMIEHC R ERERE L RVELTWVS. ZOKIZD
WTIE, AT Aan=—d A XEOBENHL, FF S
ER TN ENOBORKDan=—H A XeGbETE
ROREBHHEEZLND.

B2 MENBEEEEANIIOZBRICRIZFTEE

#w 8

MR b= RO P T, R ELFIURE LT 3
FRIRADOREGENY, BREFHEBRRIZH TS, #
IR EFETIL, 4-CPA BT, ZREORK4ES
MR THHROMBETELIEND, HIBE8CTEH
L, F=rOREEZMALBOHEIETHHFENELNSD. b
<rOBRTEIZIE, BBIBEICUL L, BASIRESCTLL L
BLELINTVWS. HIBE5CTRASETYH, BiRk
20O CTHERTNITHRE, SHITEH IiTbh
5. L, BAWICIRIERORFES/ETLTEY, IE
BIERFETIEDITFTNCHLELENATWS (BA
1996) . FIZHA BRI THRBHIEMRITLAS
MBNRTH, v AT AFE2RATHHEI0E, Ml
BUZITHERAORBEI0DS12CIZ TR HERELNT
WA, LAL, BRI AT ASFBHELTLERL
2, bLE SRS REBL, LOLELBELTY
BOIHELR VST HHIANB RSN, 22T, &
ROMIEBERYET TOMIDOEBDIE IO
BEZAEL, ERNOBEFEE M IOEICRIETTE
BUIOWTHRREIT-o-. 208, Ao RIT, &HE-
e (2001), @A (2002) iz 445 L7-.

MHEBLUAE

(1) PIMEBOEESIVERBOFEAE

= b TE K TE ¥ @ | E 1%, Peterson and Taber
(198N Iz T, =N TF A F E RO L T2H #%
LI IZBRIEL = HER RV, ZOEDHED T H ey~
FAZ7EEZRFELC, FROEBE TS AV TIEW
HWERBSE T, BELEMEERLE. =y A7
IR L 7= TE#$120.1% D Triton-X%& & $20.5M3 2 Bt
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BEImhz TRBIE, ZZIZlppmiZ R BFDA(Z VA4
VEAYTATET— N 2BMUI%, | E TR
L, ERBERLTWBIEMRZIEM AL, FDA
R, FHRPOTRTS—EIcE>TMARY MRS,
INIZEARVBBHRINI LB NAERTIHEMEINHY
(Ishikawa and Wagatsuma 1998) , #liQ0> 4= FE ¥ &= i
WHR TN,

TEHERBEFMTIHELLT, BiROERBER
BOBEZODTHIEL, N BEHTE T 55 ELER
Flz. RURBHZ DWTIERIRE AWV, 1E k%% 3t
BLILZ D, OD T BB AN E THILATET
HOLEBHERSNIZEDD, LLTOME T, KKk
TR ER EEHEE LT (Fig.49) .

1.6

14

12

1l
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0 2 4 6 8 10 12
Number of pollen grains (x10° )

Fig. 49. Relationship between number of pollen grains and
absorbance of ODeoo of tomato—pollen suspension

(2) ANISRTTOREBTEEHBSIUIEROIRE
#ik '
1B B MR RrFe—¥ 277 xRy b
IEHML, TRROLBVIEERELZLZALRRHEAN
2, SRR OJBLT-. BIEIL1998F10A 1 8 BI UL
AR D2EIT, BN 2E R MR ISR IT o7,

1X:BiR 15°C, ®iE 10C
2K BiR 20C, ®iE 15T
3X:BRIE 25C, Wil 20T
AKX B ARIR B S CTUTIC T ALV ESICER

2EBUMBOBAMIZHFIELLLTENS, F£K, BALH
(2, IEREIEL. HOEMLD, =oRUVRAT7E%TE
DTRPLHEBADIICRFEL, HROBE®E 5>
THEMRBEIRBEIBEAZLITEST, my_UFALTERN

IZEBEED . EHERELLED, EH, HLEY
BrE&, BRI ERLIORIET, TEMERE%, 108 HIZ
HRBEHELE.
Q) BEBETORETBERGESLIUERORERE
MEORBRIERECOFELT 7. "ALELL
BIZKk-oTHREIEAMBEELeALNFAFFAIR
BO2OEREL, EOEHOEVZ, B#IICHEL
7-. X BRIR Z X, ®IE % 20:30—24:00%10°C, 0:00—
7:00%8CIiZ, =/ /F/3F FI IR % 1320:30— 24:00%
12°C, 0:00—7:00% 10°CIZZR EL7=. i, ‘o Rk
KER’, ‘ALEAED D2 e, -, AL
BRE, BEAEAEHEL, ThENOEREFELE.
MHBBIRE, vV AFTAFHRRBZEEZNERNDS, &
kU, BR-BAROLANIZFF LIZ107E %8
B, BIEOFETTyRURAVZ7EIZIER #EIRLT-.
fEWoREIIAI8A, 2A16H, 38 16H 21T/, 1€
BiTE M LB R BUXATE D F ik TR L.

#® R
() AZIKRTICETHEEEROBLMNERICR
FTe®
EMAERRIT, MEREXTEWVEAAEDLN
(Fig.50) . 1H4RKDOERIBENLERXDOEHRESE
L, FHIRELERFOMERE R (Fig.51). ek
3B CULTEHBRENRETDIN, 28CHOEFFR
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Fig. 50. Pollen productivity of tomato plants under different
temperature conditions
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FTOMEARNTIE, RIFRELFVIZEERRLHED
BRSO, EHEHIZONTE, WTFRLORKD
#190% D IE¥ TFDAY BIZ L 2HEAR D LN, IR
Lo THMNLIIENE LA I OVWTIE, HITRE
DBREDE PR OFEHIZEEBL TWARWIEND
ho7= (Fig.52) . L LD END, FIFBEEOK T, b
< DEBERBICEBERIETIENHON TR
7-.
(2) HBRHEBICEITIEEEEOROINERICRIZ
TEE
WTFhOLE XTI W THEIRL 72 E¥ 0907595
% IZFDAY Iz LAV RB OO, RIEREDE
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o
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Fig. 51. Relationship between average temperature in greenhouse

and tomato fruiting rate
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MNDRRKER ALEAED DEMOAETEIZIT, &
BLTWRWZENDM T (Fig.53) . EMAERRIZ, @
MELLYANTAFRIHIBETEWEHAENRRDOON
=28, HRR-EBADOLEM COEITBEE TR T-.
A ABEKER T, FRBERLH1NHIATHITTIE
¥R RSB THEmMABEBOLNED, AEALES’
T, REFHLIED AR BOBRITIIARE T
7= (Fig.54) . YL LT enb, ﬁ;ﬂ“"‘%ﬁm_uﬂw
NFAFRIRIRET, EHEMRLSVEBEIERD

Nl o, AU RBEKER TIE, RICIBEERETH

b, 17»53}:1t_mn‘ﬂk*ﬁﬁzﬁkiamt@nua“éﬂﬁrél7ﬁ\
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Fig. 52. Viability of tomato pollen under different temperature
conditions
*] See Fig. 50
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Fig. 53. Effect of greenhouse night temperature on viability of tomato pollen
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Fig. 54. Effect of greenhouse night temperature on pollen productivity of tomato tlowers
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FIHIZH ALz~ AN F N F 2RI T8
i, B OANF ORI ERERF T D8 TAL,
FIZh2bDEHOLERBRIZEETLLENHAZEN

W oizig»i.

5 B

R % @ % 20:30 - 24:00,12°C, 0:00—7:00,10°C (2%
TELle vt RFRHBBE T, £ ERRSS OV
BRSO 2, ~TRPEKEECrE, [BICIRBER
ETdh->ThH, 1MSHIF T TIER 2 N35
I ARH SN, IS (2002) 13, AREROHRBRE
fToTHY, TOF—40hbThH, v A T FH R
HTOBRETIEROERBNREL, £/2, 1 B3I
T TR A &AM 2B MRS, b~bo
AT, REREOMITEL BERERTHDLEE 2
HNTEY, 10B L2 )T TO A BIIZIE, Rk
LW EMORRITRY, Thud, RERELIVOHIELL
UIFTED R BAZ LB EE KIT T LEN TV 5 (Picken
1984) . w /A /NFRFUZL > THRXED =ML, SF
FTHILDORENERLIERPEED. ZOHEOR
EREFEBZVEIEREVEIAKCHDIZEND
(Dempsey and Boynton 1965) , FREBBIVRENOK
ESERESEDHIDE, EMERRE —EICT D
B MBS D B LN, B A BIZw

FARFERMETHIE, BEOEMESOTFEMZ MR
THZEEG TR, EROERRIZEZETILEND
L. AR EMEFLEO#HEBEOTRELLIER
EREELILSA, KKK THLIMEBRBERLT
¥4 (Fig.65), ¥/, BRI H ECORFEL Ronieh-
T MARIRICE > TN O R FRIIE T 450, ZokHk
T, HBUZFIZIZEAETERBAHL TV hs
= ARB T, BBICL->THELZII-ETITEDR
DIEPETII BB 2 OLO0, ZOARBOE FAHE
FThotz. 2, ARBOIHIZ, ExiEBHSETE

Fig. 55. Immature tomato pollen collected by dissectlion of
anthers

This pollen cannot be collected by vibrator.
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MERELZBE T, ThHDIIRRBEOH N
ZIENE LR EIEIZRBREATREEZLNS.
ZDIIRMEEZITIIE T, AT AF BT
LT, BE2RHIE TS, EHIEILENRMARNWILE
DBFAINS. behDTEid, BREL-RE RS TIERE R
BTLTWAED, BRIZBAEL T AEDTER £ i
RFILIITERV. ZOLILEEEZITIEILHO>NT
i, AEVELETERIYE, TOM, BEAIZYAS
XRT 75 REDHBBRTEEANT, v/ F3F
L TCOEREHVRYE, heroERERMEISR
THDEREMFOLENRHLHLEE LN

3 AFINNFTAFEIOARLUNTNFDIEH R
BTBOSIal—i3y
# B

PRI, EEE2EDDDIZ, B vagansD %
813, BOEDIC Ry FRICBATEL TW DI E I TEx
BRLLEDL, TOMHEBKERDKRICHTET S
WL EHTET B (Heinrich 1979°) . £A3V IV AF T,
EEOBREDLVRVREEBFTE RN TIRET DFIZ,
15 EEYOF  AORERERPL, RBOIZ=2n
=—ORM%EIIVDHEORVEMBEFTIZHNDEIL
IRWMENITHLNA TS, RIRICTER TH, ERMICE
Na—2EFBRAZEIE, EREITOREGEHRERTS
YRIOGLEEEMAETL, RESHTEBRIIEEORE
RUEMOHPNEELERIR>TWVAEEILN TS
(Waddington 1997) . =A/~F RF T, IREIBFTOW
HEan=—NTEETITHELRENVESATEY,
4 ORESOH K Aan=— DR ERSRDELIC
25, ATE TR IRy, kb bR £ RITHK
BEREMEVIZEE T 9 28michY, EBEMOF
DEBRTRBIT, wANFRF R OTEREHB TS
LTESRWEHIIL, SEEENET I3 REO
—D¢LTEZLNT. F=bOTRIXEEZ W LIsWE
M5 (Free 1993), =t RF B0 IENGHIL
DIREBOATHHEEZDBND. £z, b= rOTEILHA
EEATCIEL, BIERCRIFHIcEREER LRV
Eh, TANTFTAFRIERERS>TLEIEEDIEDNTE
B R5. = ANFRFRELIATIVAFDLIR
ERBOHHREHUMERELL TOBENTHOVWTIETRH
THAZEND, AT IRF, Jaw /b /3F
SVWTO, EHRATHEENRET T IaL—bL,
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Fig. 56. Experiinental room for observing bumblebee foraging
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(1) BERTOZINFAFIO=_—DHIFAFR
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VEINDLIIZL 7= (Fig.56) . ZWIIB R X ITH IR
L. HEARBREITHENIZEH LM LD v — 1T
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EMEELEDILE2HRLI-BIIEREIT /. K5
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ImBHFA ¥ —LEBEEEROOREE ANE. 25,
HEOANREZ LY y— LT EiTo7-. ik dit, HF
ERTOMREAENBAIRETHDA A2 NF3F, /o
PANFRFOMEELI-. BB, BAIUF AT
RFNIZHNWTHEL, BALan=—h b0 E° K EE
DERABFZE~DOBADBNLBH1-2E0b, BELTD
oo, BE, #EEEL T2 MY T A TR&L, 24
OB CRBITHZ R L/ @E B E %10
SAETEICEH UL, BRLHESEIFRETII®
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YhL. B, ERIZAWEIERIZERAVIYAFO
B F  TERNED, AFIVERRBALTWAEED
NBZEDD, IERF L TE50%, 20% D a b5 B R T
PEAYICHES LT-1%, A THRELLOEERALE.
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AREZ.
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B

TANTAFRERUADER CTRESHATEERL
TWBIELBILNDIIENS, IVNFOERF IO
BB ANFASFORMITHICRIETHELH
7o BB o TERFig TR T LIICHIHL, AW EE
LTHELEXLNIEBMEO~XHfhH¥ (HE) &
Bz FRIC, ZOSEEZBRWOI-A~F Y R ERIERD
(RP)2187-. ZNHOREZ2HHOEEHATICENT
BIRRBREITo7. BIRRBIL, DAERSFRIEHEL
RP, 2) K ki i 1EK EHE+RP, 3) HE&n-~F% %> D3
Bl%, A=/ T A AF e B L TITo7-. ERR
LHLIRHOBEOKRIZ, XBEANRELT, ILIZ1H
MOBBEETo1-. iz, EHISOHBMEDHAOLE
EFRRDEDIIYFRHITAETER LIzALT727b
A= — AW EBRRBRE(T-7/~(Fig.58) . YFE®D

R FCREL bR FidetBeL TRLEEZ AN
WEELT. YFEEORTMU»LRSIHE 7 TREL, Y
FOEMBMZIZENTL, BHREANZZNVF—%
HLTHARBABLICLE. YFEERIZIZE S71-01
YoM DOEETERBHENDIEIICLI. YFORTM
NoFFZNNFRFOEHE%RE AN, BRIZENEH
N, YREIZAGPNTWAH THRE, dBOLHo:
BIRTANEFBIEERL. RBHE, KEEHEERTE

[ Air flow |

I Cotton and charcoal air filter I

Flowmeter /@
1 I/min et

Direction of worker
movement

I

Suction by air pump

Fig. 58. Olfactometer used for choice experiments

The position of the sample and control were changed each time.

Fresh pollen loads (200 g)

IExtractcd for 24 h with 1000 ml of methanol |

Extract

[Bxtracted with n-hexane |

n-Hexane layer |
Extract A

Methanol-H,0
layer

}

Residue

[Extracted for 2 h with 1000 m! of n-hexane |

Extract

Extract A: Hexane extract (HE)
Residue B: Residual pollen (RP)

Fig. 57. Fractionation to obtain HE and RP
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BMIERPD2FRIFEE M HZET, HED F AVl X sk o053
PFATENCRIE T HEERELT.

g R
(1) BREBFATOEROARNBEETHICRIETHE

HERNEHTH720, BERIIHBUCEFII LS,
FNZM AR, R EHC@E > TEN MR
FTEATV, BRERALZZICR BRI HILNHREN
7-DT, ZOEHMTo Izl —arRBx -7,

2FTIZ AR B LI IE B & R & 2 BR<R BRI, A
A T SF e KU T, BRI bED O IRF R L 27
TR L IAERM A ERIE T D E B K £, {6
ik Az v —LIZEFRL, IEROELEETT-> T
fo. HHLUBESE, B TERDEMERDLLII,
Mg, BRI OB E S, BT LR, %
I SEIER & TR U, | ER&RE %z, 20
AT ORI TR DA v —LE2EDT ¥ —L 1T
WEBZI-LZ5, YIOBRZHH105 M2 X -
=600, 1057 BILAMIZH E 2@ X8 BA oML L
7= (Fig.59) . LasL, iz f=t%d, 1053170280
Ol & e PR &7,

KIS, 2T ORBFFOIE AT &, L))
I ACE AL X AR5 5 ClE, iffs
BRI A5, 1B R OB AE 55 T I IR th 3 S0 A3 5L
STz, TR LK 50T, 20O BRI 8 i % A
NI EZA, WO HIT, KEOW & FHIIZEE
SNTER ORI I Eo7. 1720, 2ok
BB A LYY, AN 0% E ST &

15

B. hypocrita

— with pollen
10 |

swee: DO pollen

Total number of workers coming to sample dish
»n

EEEEEE I EEEE
2122223éé777
oaggsashaaga

-

Observation time (minute)

Fig. 39. Effect of presence of pollen on foraging activity at
sample sites

B. hypocrita ONo. 1 s @No.2
L]
& ¥
50 .
%0 .
a
30 n
.
g 2 :
[ ]
2 10 n :
: ola :
g 2 8 8§ 9 € 818 8 8 8 =2 g
s A S N S S S S S N S
g S 2 8 8 2 B 8 8 8 3 § &
4 g =
r
4 B. ignitus ONo. 1 @No.2
% 20 -
. L]
180 .
é 160 »
g 140 .
I .
= 100 .
w -
P H
,‘0. -
20 | H
0
2 2 2 32 38 82 8 8 8 2 =
R N S R SN MY S S S
© 2 ) 8 3 8 2 2 8 & & &
Cbservation time (minutes)

IFig. 60. Preferences for real pollen and yellow=stained sawdust
during choice experiments on pollen foraging in two species

ol bumblebees

Observation time (mi )
2 0-60 60-12¢
No. 1 Water-washed pollen Sawdust
No.2 Sawdus! Water-washed pollen

Yellow stalzed sawdost

Fresh polien load

Fig. 61. Foraging workers on sample dishes

K FEDMUM A RO (Fig.60) . 7ok, Mo E8RTriA
F NS F R U205, A LR T, AA v
FRF-OIFIN I~ AT AT LR, BHEOHE
RO ATV XDOFWEE T, ED v —L DR
SHGATE Ry, &SR AEL, By a2BIRTD
BRERIREDITEN T, AH VXD L THIBRLLIET D
1T otz (Fig.61) .
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(2 EBEFTIIBERUEDEHNBEETHICRITY
2
KMHEDER L AWK E, Sblo~FH L
T25%S (RP) EKHBZH OREHEOBIRRBR CIL, 44
CNFAFTARBBIER B E SN E TR AR
bz, 72750, 1RGO ANEZ LIRIT, hoitie
R2YRPTHIREHITEI A RO 7 (Fig.62) .

ONo. 1 @No. 2
-
70 :
£ . .
- B. hypocrita 2
2 60 | s []
B M
2 :
&0 ]
g I |
2 40 .
£ IH
T :
E =
.§ 20 .
-
L]
g 10 H .
S S g TP SES .
[ U U U N S S B "j' ';' ';‘
cssmssases il
- -
Observation time (minutes)

Fig. 62. Effect of hexane extract of pollen (RP) on foraging

activity of bumblebee workers in two choice experiment

Observation time (minutes)

_Sample dish 0-60 60-120
No.1 Water-washed pollen RP
No.2 RP” Water-washed pollen
*1: Sec Fig. 57.

ONo.1

80 |-
B. hypocrita

70 |

50

40
30 |
20
10 |

[

w

{

s e

Observation time (minutes)

Fig. 63. Effect of RP and HE fractions of pollen on foraging
activity of bumblebee workers

0~10

Total number of workers visiting sample dish
° 3
10~20 eoabvoesyy
2~30 sty
3040 e
SEEBERANNNSERANBENEN
60~70 eecoeeTTSTTSY
)
0~ eSSy
J
100~110 eoeessseseTTSSYT———
110~120 fxsxsxsyxeRTSYY——————————

90~100

Observation time (mi )
Sample dish 0-60 60-120
No. 1 RP'4HE™ Water-washed pollen

No. 2 Water-washed pollen RP +HE

*1 Sec Fig. 57, RP3g+ HE0.6 ml

~F Y A TER (RP) IZ~%9 2 i %) (HE)
ZEEML, KHHERSRIRSELRBR T, 207
DB E EIIBHER K REREFZRONR ) -
72 (Fig.63) . &bIZ, HERARRIZFHT T, ~F 2%
SELBBEA~F Y DB EARICAHT, HEEIZIZRE
CIRDIDITHEBLIAMAB L ORIAR TIT, #7268
BE&ELI VLD, HEXBR 58 AR
(Fig.64) . T &%, HEAWMEHRII, v —LNDOSHK E
IZERL, EHENEEDDIITHERTLOD, $<IZ
RUSLL, BYEBEL Y —UIZRKDTHE, thoREHT
Le~REAE Bbiehoiz,

YFEEHOIZRRAR T, KEHFLIERE
HBOBIRTIE, 4NN FAFOBEEIEZICIE
BHUARIR U=, —J5, RPEXREDIRIR T, @H D
BIREEICH E 2B ) 7= (Table 36, 37).

5 =

BEAGEAUE SR el ol-Z s BEL-Y
Tab—rarR R TIE, EBHERELTOLEID0%
M7, BB ZOHEF CHEETIHEMBRONI:.
RBEITT BN, ZWBIZ Ko TT ¥ —%EL
AR REBRIANLZRS, —HTRHERKLTWA8
TSI RO LA LLE FIZRHIEND, %Eﬁﬂb%fﬁf
ICHEBOE VIR LI W EEZLND. LA T,
ORI FT I E BN ERICRIBERIE, £

ONo. 1 2No.2
. 12 -
3 B. hypocrita .
5 10} .
: Sl
1 s IBIRE
" [ ]
2 .
E [ ]
i ¢ :
3 H
R :
2 :
g 2 :
3 ﬂ :
E o .
S 3% 3 8 )
ot . ';‘
S 2R 8 8 8

Observation time (minutes)
Fig. 64. Effect of HE fraction of pollen on attraction of
bumblebee workers

Observation time (mi )
Sampletable = 0-60 60-120
No. 1 HE" Control
No.2 Control HE

*1 See Fig. 57.
HE: 3 ml of HE fraction on filter paper
Control: 3 mi of n-hexane on filter paper
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Table 36. Effect of pollen scent on attraction of B. Aypocrita workers

n

Number of correct choices £SD

Water-washed pollen 23
control' 23

9.1 a7 £8.0
4.9b +4.5

‘1 No sample

*2 Means followed by a different letter in the same column are
significantly different (p<0.01) by students t-test.

Table 37. Effect of pollen scent on attraction of B. hypocrita workers

n

Number of correct choices £SD

0.4 a% 0.7
1.2 a *1.3

RP" 7
Control™ 7
°l See Fig. 57.

*2 Means followed by a different letter in the same column are
significantly different (p<0.01) by students t-test.

‘3 No sample

CCERITB T B & %A%, BETEFEEL, {E/A
RETHLEDHATIT-T, IERHBOLNRVIEEFER
L2121, ROBEBFFERICEVEZLBIOND.
B. ternarius, B. terricola N TIEIZi@ib¥ 5 IaL—
aryERTHE, FOEIEDLERMD, KVEDIEE
FANEAVWEERREL, AWEEXHFWESKRERKR D
ThlOBMELTHRBLTY, HFICEEXHDMY, A
I LAZ LR ol Zhvbh b, B ternarius, B.
terricolaTlE, ENHBONBILENHDIMRY, £DOLHE
CE>THENLRBFETHE2LELIIENRENE
(Heinrich et al 1977) . ZhbXEEEHIEZIZL
ERTHHIN, AEREHDOETELRDE, BEBHO
EHOBBRTIEARL, EROBTEOHLHAINLFEETD
EMAEEEE LRI, ‘

Ehiz, BERBTIIIEHOERMEHE (HE) 1213 T
LEHEBEETINENHHIEN RTINS, £Eo
B BEIEREBVEBEIOL D holz. InB,
ARBRITHEE T CERGLHERRETOR
RABRTHY, EAXOEBITHAL TV L. LirL
BABL, YEE2RAWERIRRBR T, EHOERELEY
EABEEEBEINTEIHRELDIENTREN TS
ZEMh, HEIZIEAF 2 At AFOBE%EFESIT5
MERHDBELEEZ LN, RPEAFHOIER TIX, A
HOEBIZBEEiEEoI. 5L, Z0220RED
BIEANNZDE, hOBRRBRBREIGTRRY, WHO
REEFICEESNEET . RBRMELIIL, BR
W EELEECHESFEE), TOREOEAHTIINDL
MEMEPENECTH, ERORBEMREL TWIL
2725, £, HCHEREEDBEERTIERKEIN
7-BFICE, FOREACHEENFESIShLILERL
TWAREEZLND. IEREA A/ X ZBERZII-RRT
Y, EHROEMARENTVS. TRODOERDEMHE

BIRICE 2 5L, HERIIERILOMBEME LR
LT, EERIEEL, —EXEOBHEFETD. £D
%, TOBHMCEEEHENHTORITS, TEHA
HITERHTHIRVIBEINDILERLTNDLEEZD
n5, -, ERUEWET T T, F3TEDLOD, )
XSO HEL LT B-DIIRET REEHIL
BTHHIELREINI.

B. vagans O i) & ¥k 1%, EHOHLNDEEDOREZR
Bl CHEMRZBEBRLTEY, oIz, E-5HEHY
IZITERDE, KOMBERETIRELLOEERDL
N T5 (Heinrich  1979°) . ARBR T, REBFHTICE
FIZEBEANTWEA, IEREVCIE VB TRaI
EEdLi-&, BLXOEFABEDTO, HGHT
UANDOERTOEHESEDITMITIRR TE LR -IIED
IEMD, EFHEMBRICHIEL DD, KOEHEET
TOIXRERTELRIok. FL, REXMENREHRT
hoTh, FELLRESFHNOLBONRR-T2 L%,
BEHARBLIE AT, THONCKROEH G
FEHTHITBEAMBCERL. 5L, ABRETH, £h
ZhOBESBOEOKRESIZONTIE, MmAAELRAL
Mot AT AN NFAF TR, KE O AT
A NHORMHESRIVLHEREHSEL, ERD
LLVELDIEEXEDTIONEDE, KEOREHE
¥ ThDHZLAREN TV S (Spacthe and  Weidenmitller
2002) . AF TN NFAFEIOTNANT AT THE &%
DEDKESDNRTYXIIKREL, §HINODEYAX
CIEMBEMITHHEDBAREEBERT RETHD. BiZ
Heinrich (1979") 2342M8 L TWA Bl Ze S E X RE R F
LieAss, EAROHIENROOORFITELZKRIIEL
TN FAFREHOREITEICAEL I8~ O
X DEVENLEDOY A ZDBBIFIZOVT, BHMIZ
THLENDHS.
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EBE N — A BASREEREEAITIVARF
IBRIREEDE, HE%E, BLro—INRASH-TER
WHITH, REEEREADL, BRALTW2WER D
FIoE B L EE-> TS (Waddington 1997) . AHF
FTH, AH I/ X2 BVWERRTIHIRHKOB A RLH
feZeinh, EHIZOWTY, REBFTOMORELXR
WUAeAh, BIETBZIToTWAIEN TSN,
BbwbT, v ANFARFERIF—al il V50
i, EEIRBATHRRBIN, EEEZHWLRWVWI=D
Mo, RANFTAFRIEREB TS, BERATHIEL

TWAMEOLIERBBONARTo SRR T, <A
FARFRROBIERNBEREETHLEZLND. KER
DOhwhE, 690688 LIZTEB LML, 5D L8R ED
FEZIERAIESERIEND, MR EME, BEALLono
=—HAXDOEEE Y THNIE, HETEIS, BB
&ha. UL, bhTCiEiEof, 35CLLEOFRR
FARICIVMIELTHLERERBBIET I 5845
#6510 (Picken 1984) , ZoLH A 12iE, BRELTW
NG, e ANF ANF M MITEL 2L B RIS
HHTLIPRENT.
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BEER

() FAIANFNAFEIQATLNFNAFOIO=—F
ZITB 524 BHURBELRERAI AT LD ER
EATOREBRIITHE, £MICERELELTHE
L EL, SANFAFOBRERIFHEOEFEL,ID T
NTLE, E-BADOTANF AFOan=—5RELT
MERICEATDHDOTIL, FRH58,00020=—DFE
(Mitsuhata er al. 2002) IZJGLAHZEIITERV. EO
HiZh, BARERMEANTAFOREPRGEERS
EHLERHDIN, ZOLIREROEN KB R
TADREMINI-EEIL, BEXHITOND. €I TIE
MELRERFROLLT, THROBEBREH KL
RoTHEEBRNOBEEETEToTWD. BIZ, A
FERIZOWTOMAIIEETHY, LERGTLZOE
B, BB FEEAIA TS (R 1998). —F, <
WNF NRFUZHETDEDL, VANVK, SITIT, B
b, iRaTs, erFay, F=, FE T, ATFRESE
1A, ThOOAERRIZE, FERWPREANEN
(Macfarlane et al. 1995, de Ruijter 1997, Schmid-Hempel
1998) . @A T, A5 FR, IWBR, BHRTRELL
F AP NINFIRF | NTwINFRTF | B AT NF N
F, rae it AFOMEE, BEND, 99533%D
BETOF LMD/ ~x (Conopidae) BHERIN TS
(Maeta and Macfarlane 1993) . E£7=, Goka et al.(2002)
X, BAESNRTWAEALIVA A RN FOan=—
12, BARIZAEBLTODZANFAFHRY T =LRL
BEFELOY=%BHL, BERBIUBRMICAERTS
2N NF AF RIS Y BN AR EE T OBV 23H DT
L, BLU=RANFTARFOABHRBHIZL>T=An
FRFRYVIF b BHLTODILERHERL TS, K
I TYH, A nFRF, sawinF Foit
(2, SN F/8F | hF= )b NF23F TPoinar and Van
der Laan (1972) 23R &5 L TV 5 Sphaerularia bombi & R.5
NHESFauEHERLTVS. LML, BNTO<AN
FARFICEATIRBBOMRAIDRL, SE&AEF AT
LEBET DIV CEEARMEICRDILN THEND.
B, AEPICHANORELAENTEET S, bL
CHEEHICHFLEL, Thhzu=—RNIZERYTa=—
DREBCEEEERITTAEERSHIRBMELT, fiE
THRFE N T, T, BETEIMBTFRERHITON
5.
FASTIL, Melittobia acastagadi an=—DpEEIC

RiZTRENPKEVEEZLRTVWS. A TE, FIC
FEPEEDLOD, TT%IIBENGFLESNTND
(Macfarlane and Griffin 1994) . L2>L, $FAZEN TIIH
B, HETIIEBWETHY, HICHNHERMOFE
i, A= —OBRICKERBEELRITTLEZLN
B.

W2 AN T ARF IR ETHHMETF BRI,
1995) , Apicystis
bombi(Lipa and Triggiani 1996) , Mattesia bombi(Liu et
al. 1974), Crithidia bombi (Lipa and Triggiani 1980) A3
WEINTEY, ¥iZNosema bombi, < /VE—X¥EFT
WMALNBOREEZMETHILET, an=—DOfES
ELLEETHEEMNHS (Mclvor and Malone 1995) .
AWFFEOHR T, FIS (1998) B &5 L 7= Nosema bombik
B oM 7 R Lzt avtt < nFRF
L, AU TREL T irzaw T R_3F hibb R
DT L AR LI, O, B0 IHEm, M
A, EBROWFAORENOLIRFAREBEN, @E%
EPHERTIC, £ B RO TECL, 2o
=—DRBEIIELAEENT. 2L, Bl L%
Mhan=—HNOH & EREKRT 55T TR, A
BREAOMOan=—IZLIEE 15 THESEOH DK
Bud, KEWMORKERYTL), ZOBBERFEIK
HHND. Nosema apisTlL, tumagillin TR EN RS
HALTU D (Webster  1994) . AU A A v/ F/3F
TH & E# o B Z fumagillin® £ 5- 3 5ZL T, Mikk
FTHIEMTEHELEENTED (Mclvor and Malone 1995) ,
ZOFEGRE VAT MIANDLLENDD.

AMETH, KBLBEESIOOLEEZOEE, 875
BRIZEC LR EROBANIE, SHOMERMNRS
n, LEHUETBO B, BAICLHENMKOBEI LS
Vol dERBRLN, RIRABEKETORETH>TE
TR ERX, INOOREDRBEZITTVLILNE
AbND. BAA0F AT RFTE, ao=—DF
AR TR ERDREVSPOIAI T IZEETIZL
BESN TS (Duchateau 1991) . fAFIZBITAFRE
WEBIUVEL, O HEALREEEL S B ARERHED
THANFNFERIR, AL TO<SBRIZBWT, R/l
EORBIZL-T, AROBALELFFM TE2RAD
TELEZILND. BEHE T, ThoOREFKICHE
R-BRABFOWERLERME, VYI74~—%FRALEZY
ANABRUREDHBREWABHEILL T (KiE
1998) , = NFNRFOEFUFZTHLEDLIRHEKIZTE
BTHAD.

Nosema bombi(Mclvor and Malone
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AFETHE, A< FRAFBLUTZawL T
NF O T HEERLLEZS, S%EHELTHRE
SEDETITL, HMEROM LLRE FEOH#E{Lizk
DUYATLBREITOLENRSD. BB REREE &N
BEY, HBHOBE HEICOOTIL, 2T FENE
MUILEZLNDH, ERELRALOEEFFENLL
KEE~OERFIZAEEOMBILALE LRSS,
WFEROM LI, HEBROLEERLMESE3D
L BECENOD L EMDAEFERE LIFAZENEE
THD. FIREROEEFTETIE, KESILREELS
BEOBEHL, TRHIVOEIFSAhTWVHIn=—|CA
NDHIET, INEEDERBHMBIIENBEENTWS
(Fy VATFNT7y T L5 1999). 7-75L,
EOIICLTEESN KR ERDEFRIZOVTIE
BENTWRW, awAn T AF T, K EROFIES
LTWTHITEI DME) & 44D 5% & E 3% (workerlike  queen)
BNBZENRBEINTVS. ZORKF&IT, Aok
SIFLEHRLENRONLWVLOD, BEHIFRKD
ThazrL, BVEIHLEROLSITREL LW
(Katayama 1988) . L7=23-T, Zh oD L Fikit, 4
RESHXE®RLENENVLOD, BALTES, &E
BDOLOIRITIHERTIENTERWEEZILNS. &F
LB EBDOHR NI, MO ZRBRRBLELTLLXD
N THY (Smith 1959), LAAVIVARFDEHE, K Fik
L EET, FEE3SALINIZELLDBEIZRE T
DB REINS (Zander and Becker 1925) . F7-, & F
BT EBLOLEENELS, ZoHML BV (Wang
1965) . EHIZ, OB L@ E B IV L E<42S (Jay

1963) . Fiz, SHB/MERZRBOW IR Y, BIEMIIZ

KERBBENSUER E1970), = A NFRFLEKREL
BB, Fo, ~AWNTARAFOEFE, HEL T EH%ME
DIEHIREL, ZLOBEOBFE, KO KEZIEBETH
D, BAIUIINRFOIICHETITRV. %Y, 13
TIVAF TR, BEEERLVSEZRERO N AR
DIANZESTHE, RELTWADIZH LT, =
FRFTIHESR, KEXRVBRLSATREL, TO
R =074 LT E, BEHIZHILLTHRIEN
EZbh5. IEL, 205 E, BHERITEFOY A X
DN, EEMERRENLOD, LEHIALOED
FAXTCOREBET DR, Lk, £BHRRET
i3, BERARNTOBRERIELEHDEZ LN, K
BMETYH, AF v NANFRFLoae T RFORER
MR — N TEYREEIREDERITIHET
TRELFELL. B TSI, ARLLHB TE&ALW

T8, Bk ERAEERLL THBERDH, chbid4d
HMICR L ESRLLTOREELTORWIEMNS,
FiRE R EX DT, FRESOEEREME
VBILEHDET, an=—TOR K EYHOFEERE
BRURE RN REEREESSICRITTRERY
ZHOMITHILENDS.
FARNNFRFLrae N ARFOan=—H
BROBENS, MEOBRWVWR, ZhEhOE BN,
FHEABHODNIR > TEIZ. SPIE, ZhODEEDHE,
BE B LIEIR 2D B & s A PHE L A BEE I &
ZoTND. au=—RNOL EskLHESG0BEHMASPIC
BEBTDIING, (IR LERBEBSPOZAIIL T 2D
TS, bLEHEN LD B2 DL EHIZTarTAS
N TVBEV 5 Duchateau and  Velthuis ( 1988) 33 3 (*
Duchateau(1991) DA, A F =t R8F, ro=
NFRFIBETUIEDREEZLND. v/ FRF D2
p=—OR I, AKX EROLOZIEIPEINHHE O
TalTANERIZRY, ZRIZQPBLUVBEEHMNED
BETRIANICLST, au=2—0RERIEIZ ST
5. bHAAWATHE, SHAROFES, XiERED
ERBLUHEROBA CORCAREDERLNER
5. BEAALAREERO 0/ TAIEF->Tan=—
DR EA TS, BREOHNEEB, RERIBEIZLS
HMERBOARZESR~ODAFOH KL IZLS
T, TN 7y F AIE TS (Duchateau 1991) . L)
L, BA30FF e T R_AFOEHEH%IX, Ik TH
DNHPTHIH DB HEET D, ZOHBIIENFAEFT T T
HRAITHORELL Roh, A X ES%IE g
PCRELETHERDOVEDIZLRATWAA, BFHT
1, WORIBRKEHNRETLTH, TO%ITEHE%E
DB AEELV S FIETALOBRBETFEERTIE
NTEDEHNELEZLNS. EBE, Owen and Plowright
(1982) 1%, B. melanopygus® HED 2B A FAWT, £EX
NP K ESEINBEREINICH KT ILOMN
KDOWTHR, E#FRao=—TiX19% O @ Xikic
LHLDTHY, LK ESRNFELCLIan=—T339
%A HEERRLL TV, i, KESOREIL, HX
SHAEEBIZIIHEEETHL00, £RALEIZONT
W, BE%OFBRERIVGBEREOERELTW
5. U EOEEBNRRERE Sl &id, KREWHBED
VATAEEEZXD ECEHEREMRT —SLRD. 1212
L, 2o M REABHEOANFTAFOBITLIZES
NicbDTHY, BRANZIXTBMAELI- B AERTEO4E
R REALMHZTILERHD. —FIELT, &1
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A g F X F L B impatiens D L8 T, an
==Y AL XDFBOMIZ, WEITHRICE/IVAA<
NMNAFTRFBHEHROPRBBETIOIZRHLT, B
impatiensTiX, Bl X EHAWHLRE T TRIIPR/NE
PIZRBIIBRONGZ VR, BEA3VA AT RF
MRIEIZRRDIZXLT, B. impatiensT % [8] 22 R D]
FEEMRE VW E WS- RER EAREN TV S (Cnaani et al.
2002) . KL T, AT AFLrae G N
FNZHOWT, TEhEhOza=—3H, SP, QP, AN ¥
AL o Tan=—DOHRBRPKERRHILE
WO L. TRBDFAI T RIEELTAILT, Fi
AR OBRR, HUINEERMAOE, RERKS
JRREAan=—0ORIRMAEELRILEZLNS.

(2) BXRERBIANFTAFONAOESE

KSR b REHZEB VT, e AT AFER) F—a
VTR AT, HRIEEOE AL EOKM
PHoEORAMHREE V. BRICL-THERSEILE
BHdIehb, FVEVFLBLOLIEOKIES, L8
BETALERHEIN, 2 ANFAAFOHIEITER, /4
bv—2, EREBEZBETIILT, BORELHRT
HIENTES. MERNBRBRERST AR T, AHFE
TULBELEINFERIEFEICESE, SHICFRERBKRE
KR BPMmA LIBMEIC, BB ABRERECLE
BERESMBIEERLERKOFVEFILE, BT
BERICEABIBERLDOHEEZITHOTNS. 20K
R, HEREEMBMTIYG, HEINLX—R TSN
89% % B W2 TR, NG A EXE, REE
REPREIEEFROLED, HROKEHEIVLERMN
POBLODOFIREEI GO G, BEBLBAND
RTOERMTHHILEERLLZ (HAS 2002). Zhb
DOZEhb, BRI MERIZEST, 1044~
INFRFE, BIEERORNLNTEOTELRN, &
EREEBMOUVLDERSTNS.

LhL, —FTikA3vtA=er T NFORED
EEFRIZBA, EEFBREINTEHY (N 1993,
Ono 1997, %A 1998), ZORBEIZH B 2R IS
EThs. BETIE, Y75V 00RBIEREMNEZET L
KKLTRY R =S —DOEBEHIZOVTHRI T T
5. RIR—F—DEBRR+ 3 THHILERELLY
Lab—ar T, Erb+EitR%IZIE, o500
REIEAEESBREBL, RETRIUEVWEE TLOFE
LEWESEEEO7a—  TRERSERINDZLE
TREELTWD (B#1992). BIE, 77V DRY R—
A—ORFENRITLONTEY, kEBE TR/ T

FARFR, BERRYR—F—ZoTWHBILMbho
T&7-. ZOMIEORRE T, BENLILEL-E/3Y
AARANFTRFOHFEREOIO=—RERINT
BY, T/ IFINNTFRAFLOBEERBSINATVS.
INHDOIEE, BAFUF A ANT AT O, £
REANTAFOBREHICERELRITTILN,
ZOHMBOMYBEEZTLEIRNNSHDEERLT
W5, BT, $I/FVVDREDIDITIL, EDRYF—
F—Hb B O R LN L BETHD. Williams (1986) i,
1960 FE DHTEDAXVRATDLNUNTAFOSHDL
BEITV, SANTFTAFORPBUZEBTHEERFRH B
B, BABHRLORBEELOEBERELREL T
5. EHIER, BAEFICOWTIE, BikwAFRF
BEBLTWALFITHNIE, TOHIKEEERELT
VWIET, BHNTERINDS, BMAMICEEREER
AUEHBEUTIEES, 2 NF/AFOE BB, BA
WABEZIZHY, EOQLIRBPFHRELNIZELTVDD
PELICLERBEHRERETILENSHD. ¥ Tk
Hobbs (1967) 23, 21EED < /L /NF RF DO H THAEE
EHELTEY, ThENOMBRECHLERTEL TEe
B, MMERISBENIRERLELET TS, o
RYF—F—DRETHLRBDZETHDD, B AREH
BeNNTFTRFREDIOIRBESRETHEALTWS)N
KOWTIEMRBRED TSI L. T, an=—DRE
BEICETHENT+HThE, KEEHOXE
BIANFTRFOERIZHLTEDIH B RITT
DHHERTE RV, ABIE TR, B304 F < F
FICBEHFRADLO, EREOKRBFREFHWMOMEE
BfL, ThoDAEEBHNRIFREL{T12. ZhHDH R
i, BAERGTOANFTAFOLEERELZITI LT
AR BRI EBDNS.
TRARANFIZEBY T TORY F—avid, BATE
REONFTRF RV TRECHEDCHALLRES, £
NOOEEBLHERTIE SR T, AE2HBA
BIUREBENOBAOEE W FANLRTHLEN
B THD. LML, —FTeAINFIL, 19TTHEIZT AY
AEREZ, BARBRAORIR—F—LLTHEAZh
THY (Free 1993), ZDHFA/IL, AARBEL TEAITA
FRNNFTREFRIFRIZ, TOEBEBNRDOLND. BEF
RENELWTOTHEORELEZD LT, LVEHD
THHAEHORWERBEXTEKRTd5RICHS.
FE, Mg TR BEZOER ICENHDILOD, §#
ROFETHHBODOFIEBENDS, MBS
WEDLDERBEREMBLUOE LT FBRIZHE



2003 ARIRBELRATEFFERE P14 59

REZERATILERDHY, ZOPTRYVR—F¥—DH
RIZEELEWREFO(FE 2002). 43IV AFH
PLELIApisBDEBRLZOFIRANRPLIZRBEEL
LONDD, SHIZTEREEAIUIVAFIZRESE, 20
EBEEDTRFANATIFEY, SRIEHETORY
F—2alREZBFTCIIEETHAS (4 kK 1995).
REEEODRFTORY R —F—FEIZ, ~NFAF
ERLELERIR—2—DF B, BIUH LEDE
RERDRIR—F—DEELIL, T TIZEMALESNT
WABRIRA—F— % BN bOMESFICEBELERTS
HEFABLZ. LEL, WTFholig T, +Tlory
F—F—LLTEBLTWARLSICY, ELDNFRF
EZRLELIRYR—F—PEBLTVWA. Cane  (1997)
W, ISP EREOANFAAFIZERL, 2hoDNF
NFOBEEREHEREOTIETHEL, BEICENTT
LERBTND. F2HFREDANF3FD55H80% i Bl
HEFli THY (Michener 1974), Cane (1997) TRENTW
DHENTARFLESICEZS. UL, AiiHA (1981,
1993) 1%, 30D FAENT AFOHEFITHILTY,
INOLEFNMIKBTIEHEBETIHANEEL, £
DOFREZEBGFHCEBORBEOMEBRE, MRSLL
TWA, 2FY, BEFNAMNSETE-FAENTAAFOFE
PHRNTD, FlRFENTNFOEAFENAREIC
o Th, TOMDERBALMANRZLNIEND, RE
FIRETOLAMENBBELICKLR>TWS, A%
T, BEAITA AN NFARAFREEHZROR P EEETO
HARHIRY R~ —THBLEVIEEMND, TORMEZA
AORFEEZIEATIOTIERL, FIATIERRDORK
Foihe, TOMBO-HOMAEZE-. BixrvbD
RYR—F—LLTRAAERBOFAEEL, TOH
W, AE gk, an=—0ORE, Rk rOR)IF—3
AATOWTERLETE. BRI -MBELL T, EREom
B EEBEOSILRD80T, BLIUEHIR CORALAE
LI/ CO KRBT AT LOMENRHIT LN,
INLDT —vREBROERBRY X —F—FAE2EAR
LSEBETITHRTREBETHA.

w =

MR M MBS IC B AR X — 7 —FI R EHF 2 40
Lo, A RFETHHEAITA A AT R F 2D
ZRYR—Z—%AIHT5-0, BAERBOANF
NF O FEMFEEIT 7.

1. AN FRFerae nF RFOERNEESR
BRWEHEELE. BACIIEMMICEEIA-L
TSI, BATRBLAZBICEFRHAREIZLCY
RABBETD. ThIZRD D40 A B O IR QB
I, KESRERFTIRALBOA Y RELESD
EHFROBBRERR-EZA, A< FRF T
BRLIELD, 702~ NF350% T2 DK 4y
BOLON, KIBLBPICEHVEFERELFRToLM
bipoto, o, RIBAEPAAERZIT, BEERENS
BEZBCXZESREBLTHLETRIRBIRALAR
WA, RS BIRICE T LEIZIE, 5°C—10C—25
CLW o BRI BEY TILERHIILENHALNL
Rt Fio, AFARNNFAF TP ED BEHA
10A L L& B L= EMTITETFRBEVE R
iZhHot-.

2. BREAT FTCOAA <A NFAFBLUZa<wL

FTARFOau=—H0OMHESE, FRESOLEER
i, AEEBRBLTHLBIPELERTHEITOE
RAEFAH, BLUBIPEEZHRL THD, H14k
WAPMET2ETORKE, ACHEBMBEICHY, =
NONREANME T TOLEHOBMBHEE TS
TEEBALAZLIE.

3. ST AFEARERAEFRORRBN-HIZ, o

O=—DREEZMITL, A AT RF, e
NFRFIZONWTOEANRan=—DRRE /35—
YERLMIL. KEHOEIRIZIZAMII KRB TE
DR PHBHI LRI oT-.

4, FAwNNFRFLIae )T RAFOaa=—DxE

BRI ZONTHREEIT 7. BERELEETS
oD DZREIEINMENL, A~ FRFH, o
BT RFLOLI00G12B FEICE,-7-. 2
Ro— Y DDBEREERD, A AN FRFT
22 Nt R_F 0L EH)TE2.2080 7K, ZDE
ITXEIIIMI TOZREINEZEIIL TS B EDE W
EELTWAILAHALN o7, Fik T4 EWY
T, A =ANTFTRFH, EROKLREBTR
b, Ia=—EERKEDSFZDIIHL, 7o
FTARFTH, EREMIIFLEREERITONEIME
M ABENZEBEALMZ AR ~T-. &E6IZ, AT
ANFTIT2HIEE (B TR I E IR B L Uk
FeAEERIZBOAHAEB M BN,



60

BEERB A ANTATFHOZAMBERORRELICER M FORY F—F—~DIEATFE

5.

A AN F AT, Jae o nFAFELIZBNRE
SUETTREHEBIILERNTHLIHLED BED
BBELLbi, 77506k, SNRBBETIHMALL
ni-. EROBHEBA LIS BICHOBME%RLD

ATBERTHEHMAHY, HEMICADLan=—
NTILHDOABABFVBHEHOETENR LML
7.

L AFINNFRF ) saw Nt T aw bR

F, b= FAFT, WTRbMMIBEL, &
AAUFA AT AFLRRO Y ETIE LD L
MEERENT-. Fo, HRE, 1REHVOHE T,
ZERBEOEEBRE IOV, 4BOERFBIV
TAIUAF NN AFETEBBOHONT, BA
ERFELEAITF A2 NNFAFLTIIRY F—a
CONRITERRNLDLEENT-.

CRROBEBBRERMUT COMMIEROEEL X

UCAERBEREL, BRANOBREFTHEHNMrOIEK
BETRBIZOWTHLIMIL, w /TN F B0
RHEBITHEL TWHIHECESE, /7L —
F—TIRHEEHZETHIIOEHIZHONT, £
DOEHLBEHELL. TO/BR, RBEOETEIE
BOBHICITREL RITI VN, EHERRIZK
ERAOREBERITTIENRHALN RS T-.

8. A AT NNFNRF LT ANF AF OB IREIT
MEEAERTIaL—bL, Bkb=bETER
ARBPREHE D LEFOREITHOE{LERS
MIZLT. RELTERIGFALLIER B/ OH 0L
e, WTFNOBTHLEE 107 LARICIT, 2T
BEPATICHE T ABESEMNE L L. TR
ZBEGIEEDITT, EHOBOEFEFIHELLT
BEEL TWAIEMRMEN D3, i LR 517 0
FHRIEDHOE, ENBRETEDILRELL
BETHLHIEDbhole, ZNbDIENS, HEFMIZ
MIEL TW B hbERDREL LTz T K
T, AN ANFIIROBFIESNREERTHEEZ
L.

UEDmMRANS, BAERFOLNNFAFOREE
B ENEan=— DR BT AEEN BRI
VR h=hOR) =2 — L TOERAEIZONTHE
L. &I, BABERBEANFNFOLENL X
BAEEIZET, WESE, SENLHELEALEY
TR LR BT HEELIC, BAERME LS
FH, BLOENLIZEREKFL TV DHEPHEOMR S
128175, BARIERBANFTAFORFELEOEA
{EDOBEHRIZHOWTHUT-.



2003 MFNRBHKBAFEFTHFELE H1448 61

Summary

Bumblebees (Bombus spp.) have evolved buzz foraging, a unigue pollen—collection behavior that makes them an
important pollinator in natural ecosystems and a useful crop pollinator in agriculture. Since the first successful mass
production of the European bumblebee (Bombus terrestris) in Belgium in 1987, commercially available bumblebee species
have been used widely for crop pollination of greenhouse tomatoes (Lycopersicon esculentum) and eggplants (Solanum
melongena), neither of which produce nectar rewards for bees. Commercial packages of B. terrestris were imported into
Japan for the first time in 1991. These imports save farmers labor, produce high—quality fruits, and reduce use of
chemical pesticides. However, escape of these non—native bumblebees may harm the native biota. The possible
ecological impacts are hybridization with native species, nest usurpation, spread of non-native parasites and diseases,
etc. These are strong arguments favoring commercialization and use of Japanese native bumblebees for pollination
instead of introduced B. terrestris.

I investigated year-round mass production of Japanese native bumblebees and evaluated their pollination efficiency
of greenhouse tomatoes.

The results are as follows:

1. Laboratory reared queens of B. hypocrita and B. ignitus survived artificial hibernation induced by chilling at 5°C for
4 months. B. hypocrita queens preferred dry vermiculite in place of soil, while B. ignitus queens preferred wet
vermiculite or peat moss at 50%-55% moisture content. After chilling, stepped temperature increases of 10°C in 6 h
resulted in higher survival rates for both species of queens. B. Aypocrita queens younger than 10-days old gave
better nesting results than older queens.

2. Worker and new-queen productivity of laboratory reared B. hypocrita and B. ignitus are influenced by delays in
oviposition and first worker emergence. In B. hypocrita, colonies with oviposition delays of 20 or less days produced
significantly more female castes than colonies with oviposition delays of 21 or more days. In B. ignitus, colonies
with oviposition delays of 10 or less days produced significantly more female castes than colonies with oviposition
delays of 11 or more days. In both species, colonies with long delays in first worker emergence produced fewer
female castes than normal colonies in which first worker emergence occurred at 28 or less days. These two
parameters permit early identification of normal colonies for commercial mass production.

3. Colony development in B. Aypocrita and B. jgnitus has four oviposition phases as already described in B. terrestris.

4. Worker productivity of B. ignitus is higher than that of B. hypocrita. The duration of fertilized—egg oviposition
(DFO) in B. ignitus is 41.5 *=5.3 days, about 10 days longer than in B. Aypocrita (36.6 *4.7 days). The
foundress B. Aypocrita queen produces progeny queens from fertilized eggs in Phase 2. However, progeny-queen
production occurred only after Phase 3 in B. /gnitus, suggesting that B. Aypocrita has flexible production of the
reproductive caste. Two field populations of B. Aypocrita were collected from Yamanashi Prefecture (P-Y) and
Shizuoka Prefecture (P-S) but no differences in DFO were detected. However, there was a significant difference in
the DFO of the F1 generations of laboratory-reared populations. The DFO (F.) of the P-S progeny was significantly
shorter than that of the P-Y progeny. The P-S colonies tended io produce progeny queens earlier than the P-Y
colonies.

5. The ovary and corpora allata (CA) of older workers of B. hypocrita and B. ignitus developed even when the foundress
queen was present in the colony. Competitive behavior between older workers and the foundress queen and younger
workers resulted in higher mortality of younger workers during the competition phase.

6. Buzz foraging of greenhouse tomatoes (Lycopersicon esculentum) by four species of Japanese native bumblebees was
examined. There was no difference in the pollination efficiency between the native bumblebees and imported
bumblebees (B. terrestris). The fruiting rate was high (84%-100%) and there were almost no puffy fruits (0%-7%).

7. Tomato flowering is largely influenced by air temperature and tomato flowers exposed to cold conditions produce less
pollen than flowers exposed to warm conditions. However, temperature has no effect on pollen viability.



62 BEREEBMAANTAFROZRHAENOMBEBLURE M2 ORI R —F —~DISATFE

8. The foraging behavior of Japanese native bumblebees was observed using artificial feeding dishes. Workers
continued visiting for about 10 minutes even after foraging dishes became empty, suggesting that memory plays a
role. Although foraging workers were attracted by volatile substances from pollen, they did not continue foraging in
the absence of pollen. Laboratory experiments suggest that bumblebees recognize the presence of tomato pollen in
a greenhouse. When tomato plants have no pollen, foraging workers seemed to target other flowers.

Mass production of Japanese native bumblebees and their application in greenhouse pollination is discussed based
on these findings.
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