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In this study, flight behavior of honeybee to various kinds of sensory stimuli was
experimented and analyzed. It is expected to provide new insight into construct a
mathematical model for flight control mechanism of the flight insect. We are developed
a new experimental setup and protocol to measure the flight properties under the free
and thethered flight conditions stimulating with visual, auditory and olfactory stimuli.
In the thethered experiments by our flight simulator, it was shown that shape and
color information has a different positional universality in the honeybee vision. It was
also shown that rhythmic sounds caused by the waggle dance in the honeybee colony
tended to make orientation to the sound source even under the flight. Furthermore,
using a wind tunnel, in which the airflow and wind direction were stabilized, we
recorded flying bees with a video camera to analyze the flight area, velocity, angular
velocity and direction. Bees were trained with an artificial feeder with an odor in the
center of wind tunnel. After the feeder was removed, the flight behavior was compared
under the condition with or without the olfactory stimulus, given from a glass pipe,
located upwind from the feeder place. In this experiment, the results shown that
velocity, angular velocity and direction were different between the inside and the
outside of the odor area. Flight trajectories tend to be bent or curve in the just outside
of the odor range. Two type of behavioral control process, recalling memory place and
acquiring external sensory signal, were existed and switched to make variation of
individual flight properties. The variability of behaviors could be important to adapt to
the environmental changes.
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1. WHEBAR Y WO 5

HEMEERTHLEA IV IVAFII, BEATF, BEAFROREH (an=—) %
R LAERLTWD, IVAFIIEATEAT 2720, EFRCIOREZITET 2 LENH
V. EHE~OREEOTZOOFT S = a AFRaR, AL TS, bbb, REFICH
T BT BT, KB E R EFIH L CRAT I % 7%5#% L (Whener and Rossel, 1985; von
Frisch, 1993), # 77 4 v 7 7a—IZ ko> T4 H L T\ 5 (Esch and Burns,
1995,1996; Srinivasan et al., 1996,1997,2000; Esch et al., 2001; Tautz et al., 2004), =5
N BEIG O ERREZLET 22 L TR TS Z# VIR LART 5 Z &2 wRElC L,
BARENT S L CH G OMEZIRZ TV D,

IOFTET =Y aAlBnTid, T, BEEERZT TER ] AL ROMRORE,
LT 78 & ORRFEE R B EAMICHA L T 5 2 &b T b (von Frisch, 1915, 1919),
von Frisch (Iaft & DEEGABEEME L TIYANTF IS, ZO®BREZ I RV TR
BLIZAEZMNOLDE ANKEZ DEREIToT, ZORER, IV AAFIEFEE L2 I~
MOATEN AR L, FERICBWE & OS2 W ERICE VAW ERBIEM LTS 2 L%
RLTz, T —EHOERICIY, IVATFTNRENESORTEER, REFREZTELT
FIHLTWD Z ERHLMNE T,

D& It IR BRI, Y AN TF OREIRITICE L CIIHREERICE ST s —
T a CONTEZEL DHEIRME LN TN D —H T, HWEROFTIZHOWTIE, #lH AT
FORET TN L <, ZFRIEELOHAARELNL TR, £D XD RO F, 5
~D~<—F 2 7178) (Wenner et al, 1969; Vladusich et al., 2006) <°. HNIFEICHREAH
FRICB W CEMEINFEEBIF > 2 E 0B W23 (Kirchner et al, 1998; Gil and Marco, 2004;
Gruter et al. 2006) [T OWTEBRN /2 INTEY ., F£7-. Reinhard et al., 2004 O EE: Tix
IYNRFERECHNWEELZEAET L LI L ThE, ok, BEANICZEOBWZIE
AT D ERB LG AT 20 RENTWD, ZhbDZ &b, RATITEINHE
FHEMICRWDIKFE L TV EEZXBENLH T, BREFRDS £ ARITREE 2D 5 BHERIFHR
BRIZ> TRy, ZORBELHREERE OBRIZOWTHEMRMIT A LEL SN TE T,

B, IVAFORFIZE L TUTABMITT TO 7 4 —/L FERSLYIMERKS (PER) (2
KDFBEBRBELATOATEY , IYANTOENTRTEFEHEES) (Takeda, 1961;
Sandoz et al., 2000; Wager, 2000; Rogers, 2008; Geraldine, 2009; Wright, 2009) <&\ ik
BIGES) (Laska et al, 1999) NS MM E o> TS, T2, B+ LV TONZELITHN
TV, BIELT0 DN LT X —BIEFHRESN TN D, ZOREIIMOERD 2 5L
ETHY, LoORBEHKELTH, IVATFRRTIEFRLEEGAL TNDLZ NI NNZD

(Wells et al., 2010),

BBEORT S ©r—ya VBT 2 RE N ETICHITORATEY, 7Y, n=| H
BHE, THETITEWRICK L TR EICRhn- TEREIT 5 Z & THWRIZHD D Z ERRI i
T35 (Kellog et al.,, 1962; Baker et al.,, 1984,1985; Byers, 1988; Willis et al., 1991;



Whener and Wolf, 2000; Barata and Araujo, 2001; Frye et al., 2002; Budick and
Dickingson, 2006; Becher et al., 2010), 2, RIMERTH L T OMPECTIIET7 =€
:##é?fu~%%ﬁﬁ:%&6nfﬁw JRGR 2 I T2 SRR L D BRI LT,
T ITRATIC L > TT P a—F 352 L3y noT% (Baker et al., 1984,1985; Willis et
;ﬂ1%Do_®v7%7mﬁi@w@$ WD LEEE, BWOIMIH D E =T E NS
ITENZAR D IRT Z LI Lo TERBEINLTND,
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Vladusich et al., 2006 (£ Y N\F DG~ —F v 7 OB OOREEFTDHT-0I1IC, IV
AT JER PN O RE 1208 5 KD AL, %ﬁﬁﬂ%%ﬁb%wf\ﬁvlvﬂ?ﬂ@ﬁw
ERBUIERED X — OB AT, TOME, BIRNICBEWR S D556 & 20EGEE T
1TEIOE WA R B 7=, Vladusich 51X Z IOV TEWMERITATIEEEG H & A B HHE T
AnbHind e LTnaD, ZOERTIHELE~—F L Z70HWLMEH L TEBL T, 5%
DHLDODENIE L COEBRIIITON o7z, —F., HGICET 2B WEERIZBE L T,
SYNRFIZT T FHEEFELT, L—F—%H VB 5 EBRNTTHiI T\ 5, Reynolds
DIXIAWT 4 —L RIZBW TEWRIZEN T 5 I Y A\F %8B L7 (Reynolds et al., 2009),
ZOREEK, IVAFIFELETmOBWERZHT L Z LRI, TOWKN LT T T4
N CRIBRTE 5 Effamftid7z, Lol ZORBRTIHAVEPA TORREZFTIY . Ik
b KRIBIZHME 21T > TWizied, v airidfTohninolz, £z, BV OO T
MBI oTTeh, IVUNTFRYNWEZITHXA IV T ERRLZENTET, IUAN
FRED L H IV iTLTJ:O)J: INTATEN A2 AL /T2 I B MT 72 > TV R,

ZOEIIIVNRTFORTEFES = 3 VB LT, BWIEEROE T LA WRICEED
2 IR ORI & [FIRFICFEMNC M L72flid e < BWIRICH T 27 7'r—F OFEMIZ 522 T
IR0, RRETIE, AT —~ORERBERTHLEAL IV IVATFORTE S S —2 a9
A= ABIZHONWT, JAIRANTEWRIZENTHIVYNTFEET AT AT TR L, £ OTR
ITPBF D T AT S ToRERIZONWTE L0 D,
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FERIIT EE RS RKEHEZ ¥ ¥ VXA THE LT\ DA 30 YT (Apis mellifera)
1REZME L, BAIXEIRO A 068 5m Bl -5 ATICEE Lz, BURNIZIXETE %
HRERE L TR E, IVYAFRHFICEYRIZEREFIZR D K912 L, BBIZIZ 50% A 7 1
— AR EA VUM (Fok 1) ZRAE ISR A RE LT,
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EBRRIT, ERENICHRE L7725 S 50cm, @ 50cm., £ & 180cm DIFRIT A R— R % Ff-D &
MTTo7 (¥ 1), YRR & RIZT_X="YH, RIFFETHORI, I 2 TR D1=H1EW T
T VNN SI2 D, RATAR—ZADBERIL X Y NFIZH 2 DR e/ NRIZR D X 91T



BEEASBIEL, EREORFIITBROVKEREZIED D7 T, 77 UV URE#E L TRIFOMK
R Z72WE DT Lz, HAD DIFXFEREOINMISLN->TEY . EBRESNN DS OB~
DATERZFREL Lz, £72. HAY 01T 1mm H O A EEKIZED (2o RIZEE 15cm
OO RE BT, ZHIC KD IV ARFIFRIAOFRAHEZRIT LR O A-TLL HT &
MWTED, o, FHARFICMHMOBEENRA-> TZRVWE I ICFE UM THAY NE2EITFH LI
L7, HAD OO A #EAERIC L TPC 7 7> (DV12V, 0.20A , Elan Vital) % 4
ERE L, EREANSERENDOZELIORNEIEoT2, T ORFOIEITEINOREIZLE
HINDH2B 0.lm/s LT & Lz, 77 ERITAR—ZDORITITHAY A & RO %2 2R
IZIED . IYNFRT 7 U LWL S L, BRI EZ 205 7 7 il 50em
DEZAHIERB AT (HE 2mm, 5 E 30cm) Ao, TR, BHH, GVililig
RATE L TRIANTO @ E A 25cm L7225 K9 ITRE Lo,

BEIRAN OB E L T7Z Y v —od7w LED #64T (LUMICHAL FL13L0O6K50A,
N-HITECH) ZfEH L., JEF EEIC R & PATICAS 2 R0 R CakiE Lz, FEBRixs
® LED S AT DA ORI KIG LR T 7 U Az L CRJANIZA S Zen X H i L,

AN ZRAITT 5 I Y ARTFOTEE R T A 72Dl OE Eice T 40 A7 (EXILIM
F1, CASIO) ZRiE L7z, HAV AT 6 O KB E LiAd, Hiog SR EE e 72 0
BT AN AT OFRZEHFHIIRIT AR —ADETI A NAN—8THAY O 5 30cm O D
BETE L, BT 413 640X480 pixel, 30fps THx L7z, Tz, EIRAREEICEEE L2 RE
LED ZHilJ{ & R AT T 5 L 5L T, BT A2 S LED OSUTIC L VO # 1 X >
7 wRigk LT,
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ETOEREZBEL T, GWHIKICIZA L OB WA L7z, RN~ R o 2R
RNo7 (av Xy b7 =R NUP-1, 7T AU V) Tirolz, R mbbE=—LF 2—
TTORVSTGVED AT =A7 7 A azil LT, BIRNORIH A 71286 LT,
7 AT A VUV bml A RBIAFETWEHBASTEBY, 22 2HLHZ LIk -TH
NWOEDEINERIND, ERAEETDOEEEDLHEILT 7 A2 b DT R WIERK T2 A
NTERE®E LI, £, BRNTOEWOILEEIHZ BT 572010, BWRERET D
fLEN D, M2 L T 2R AE S E TRIANICIRN D82 7 4 TR LTz, 2B, Z
DORHIIEZ B3 < 975 O BRI T BVl A2 B X 55D TR \Wa, AW IEBEFE I
ONWTIIIRE L2 BT AN S RAMECTEEZE L, TOEBREZREET S Z & TR,

ERFIE

FHRIF 2009 £ 9 H7n b 11 HIilAT o7z, 9. BIRNICWS I Y A"F 22 THHMTH L TR
TANOESGZRE LR, ©T7 I REEHIB LI, IYNTFR-CA-TEZEZATHA
D7 X% LT, SYNTFRAIIICAS THEH 5 BRICEIREM O A Tinb ALy
DENWDEHDLNEIDTRVWEREZTOEE L 2T, AWML 5 2 BT T,
FHANEIRAIE LT 1 e Liey, RIS I Y RNTFRBHRTEINCERELESGSITZED



WS Citdr e & x 7~ —EEHRZIT o2 I Y ANFIIEIR LTZ, 2. I YNRNFOEEEETF R
— g U EHMERFT B IO EBR O T HIXHE OVRIE P I B A R E L. IROFH F T
5% 15 77 P IX RIRIRE i & 3% 72,

W

Tﬁ%%ﬁ LT 41T 7V —v =7 (VirtualDubMod, http://virtualdubmod.sourceforge.jp/)
% C BMP R0 BB m 12254 L MATLAB CTIER L 724 ) O F DY 7 h o =T T
BRAMEICLY IV AFEEOELA LI, 2B L T2 KDz, o, Bl
BMCITBBIRRIC BT D ) A AMEENTWDHTD, b ABEIEL LI 21T > 7,

PRBFEI DM A TR D720, AL P OHNWDSEDZERE 52 2R LB W LOZER
HHZFRFICOWTERETNEFANOEK R Y > g BT B M ER R OB E A 2 R 72,
BNDEDRERZ G 2 oL B2 LDZER % 5 2 o R DB W JE D O ESEE O it 217
DI, EBFRIZE T DEWEE A T O 15cm DN OMERFH OF & 2 KD, <
YA v b E—HE TR LT,

BWOEDRERE G2 TR IV ANF ORI S A FIHEfE CORFMZHNTHD L 2~
20 UL EERESIEEDNT W, 22T, BWEIZ 3 BLUNIZEIELZZH @ (Underd) .
10 BLINICEE L 726 @ (Underl0), 10 ML ETEELZH D (Overld) O =207 /)L

N3 T TR RS BE o3 AT 22 fRR L 7

Fo, HxON L VITEN A R THE S LT FORXEZHWTEHA (30Hz) Z & (2%} Ha
TATHIE vy (m/s), B ETRATIREE @ v, ., (mfs), FAIEE : o /)zRkoiz, £
BT D x. y DMEIXENEI Y NT ORI E 7 [0 O &, 7 m O E , ¢ 1XREH (1/30s)
R LTV D,

Ugmuna’ =\/(x(t) - x(t - 1))2 + (y(t) - y(t - 1))2

Uupwind = AX(f)

0 = tan- [ {ECE=D=x() - ((+1) = y(®) = (V=D = y(@) - (x(7 + 1) = x(1))
» ((x@E=-D)=x@) (x@+D)=x@)+ (e -1 =y(@®) (@ +1)=y(1)))
— = Bw Hw =0
B {—JT -0, 0,<0

A AT ORI DR EEN D 72 < BWIZHE R UG L7z Under3 7 /v —7 LGN L DZEXR
% b 2 I ORIBERTH% O1TE & i3 5 72 1 AW CRlEgaET 3 B, iK% 3 B
D6 BMD 1B I L oM, B ERITHE, AEEDOYHHEEZRD, S HIZEDOFEHHEE
K7,

IYRFOEWE~DT 7 —F EFHRD 7012, BWIRBIEEERT GRH% A 712 iy fil
AT HRE R D 3 HTE T) OB A L7c, Z OB S\ T, BWIEBE NSN3 1T



DL, AHMEOFEHE A R Lz, BIZIE~ B A v b=—REEMEN L,
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PR B

BWDEDERE G 2R LW LOZERE 5 X - ROBERFIT R /2> T\, G
R LDZERE 52 TZREIFEF M ETOARE =27 ZR L TNDDITR L, BV-DEDZER
T 5 2 -G A XIS ET AT & RS TR 2 DETICE—Z BRR LN (K 2), B
DEDEREH 2R E AW LOER E G 2 T-REORS A 7 T80 OWAERE OE & % L
BT s, ol s 52RO RARICEVWRERMZ T ZEBbholz
(Mann-Whitney, p<0.05),

BWOEDEREH 2 25E12250W T, Under3, Underl0, Overl0 ®=->0D 7 L —TF %
NENNZ RS DIESE A 2 RO 7= fEF . Underd O 7L — 7 X R HPH S IEH 12
PACHEMIICINE>TEY (K3A), HK A 7064 LR T E TEHLICHEEREL T,
Under10 ® 7 /v —7"1% Under3 ® 7 /v —7 1 0 ©/0 LIRWRSRHPHZ R L, (ST cH &
— 7 % L7z (K3B), Overl0 @7 /—FILFIMGHTOE 0 & i/ 4 7 DJE Y Ol )5 %
RRLTHEY MO 2D T N—T & HA_RTIRWEERHEHFHZ 5~ L7z (X 3C), &HIT, Overl0
DT N—=TIZ DN THIFLL D> S RS A TN I NS il F T OB 2 /i & 512010 Tl
TEBE S 2D & AEEIIMSE I AR & ol & L7o B DA R G av, %3S
AT HFLE LTERE AN A b (KM3D, E),

TR O L

IVYANTFTORMRATEEIZB N2 LDOERE 52 ERITIZEEDL T —ETh o723,
Under3 7 /v — 7 13RI # AT 2@ m A R o7 (X4), B ERATIEE XMW & & il
ANEEAD LW AR Lc, —F, fRITBW R LoERE 52 ERIZIZIEED LR
Mo 7=DIZx L, Underd (ICOWTITHRHERZRICKE ML, Z0%, HmallBdbz Rl
Tro —J5. FAEEITBWR LD2ES A S 2 -FHIHERTH% TIRIEED LT —ETH 1208,
Under3 @ 7 /b— 7 OB FHE I L T [ 2 o= L7z,

E LR PHY O O

IS A 7B 3 FORTA> & Hefih F T OMATHUS 2 SR O 7o K5 A JBURA D A 2 & Gl 7
T CIREMARN 2B 2R U, 3IEEET L0 & B CITE ST M st L CRET [~ DFRIT 23
L CW DM R STz (M5), £7z, B SA T8I 21240 > TERIRFIPH A E
STHEY, BWIREEH LY b0 LA OHPHE TTHRRERLTWD LW I REREZST,

BV OB & JPHAMI I 1T 2 REHIARATIREE . AR 2 BT 5 & kP HORA T 1
AN TIRIEED DR ooy, AEEITEWEEPHS O S 03 #HFEN L0 b A EICEVVEE
RL7= (K6, Mann-whitney, p<0.05),



WO X DERE GG B I Y AT IR AL TOHG 2 RET 21T8 2R Lz Z &
5. IYAFIFAANTEWICKIE L TRITREZELZ TS LERALND, . A
TR AN TR o e SEERIE IRy & 3R e 0 AR O B bRl e 5 2 72, 205k
BRI, BARROL F TIRBI IR, S Y ATFRRE LIS~ OREICITE. TOELO
IR E TERRDEGZOWRRZMHO DR EITHISLTVD EEZ BN D,

AR eIk

B\ LOERE 527256, B0 oE0REKRE 5 212560 T2 T Y AT iEF
MG &2 IEMEICERR LT e, I YNNTFIIREEOR RGO WIET T < Jrm, HEEE, i
LD, BIREFTELTEY (Whener and Rossel, 1985; von Frisch, 1915, 1993; Esch
and Burns, 1995,1996; Srinivasan et al., 1996,1997,2000; Esch et al., 2001; Tautz et al.,
2004; von Frisch, 1915; Weber et al., 2010), Zh 6 OFHANZITRREHFEHRZFEH L TV 5,
ARHFFE CILEIR DOAEE 2 ¥ — 7 AEIC L TV, BRICHEBHEZBRET 2 L3 L <
JEAEEE DO DT e T AN BURRO 7 7 o RRIFOT 7 VIVREBE LI AT HD
WET 7 VWO SRR E L CRIA SV TW RN E 2 bivd, REfiedl
HAEHR T Tk, EEREMNBTE RN b LiLR,

— ., BVOEDEXRE G ZTRORENREO T ERR L TEY . ZONAMITEWIEN S
B TFDOFIIEND N NI, TOXIRIENBVIIIVATF NP VBEILTZ, HDHWVIX
FUBHEMELRIT L2 L 2B%T 5, 20K ) RITEOEWIIME T 2 HROENR
BIfR LTV D ATREMVED iV, BISS IT O PRERIRFIXFCIE L 72 ), BEEERE S E A T & 528,
BWRIZBE L CIXEERE. FmoB@RAEHATE T, IYAFIFEVOREED I LigiTiut
57\, HHEECH M OFEIIIEREERE L TRY . @l @IS 2 N TED
B, BWETH (Fr—2) 2L TEETS7290 (Murlis et al., 1992) Rk Toh b &5
ZbN5, LIho T, HEABMICHSNT, AT70H5ERE R, ITHORLEICHERD
WizkEz b5,

BLIRZRN 2 L IZBWHREZ 5 2 TH S Y ST RN S 7128l E TORFIZ K
EELSNTW T, 22 Th, Under3 7 /L— 7 EIER A 3 LN E L, 8BRS
JER O AT L, BRODERREIPH TEWIRICEREL The, 2027 —7 1380
BICKIR L, TR BAWRERICE— RE2 0 Ex- &2 b b, —J7, Underl0 D77
=R Overl0 O 7 NV— TG bR VIREBEL TWAHZ &b, G0 L > THY
G RLIEA R S v, ZOREWRERICH Y b o7 &5 2 515, Reinhard © (2004)
WX DB ~DOBWEAERICBNTEH, AWVICL T, ZRE THli> CW SO ESL
HETD2ZENRINTND e, il IN-BWIC X2 EBTEOZ I+ TIET
XHZLEERD,

ZO XD AR L OBRBATENOE NIV OO BER BB L b, £7, RHO—>
WCIVYNRTFOHBREZ OIS, IVYNATIIEERDICOIUMNEE L, FHES NN\ E



5 ENRGho TS (Sigg et al., 1997; Farris et al., 2001), L7=3-> T, HEROEL
DIV ANF OGO BE LATHIEVWEZA L S0t Lvky, S5, &
EAR D 2F B R AECTRATIRBR D WD TENC S L TW D ATREME S 8 5, ABFZE TILEA % 3%
BETICERZIT > TRY . FEERDPMEFIHEAT 21T o 7278 EOHFERPHE L TV2RUY,
Lo T, IYARF T ELICHIRREELA R o 7270 DIT, FOE S A7 1O IE R CE FE
WRILSTWEZENTREND, ZOL ) R ALFEHEREICLDZBIZONTE, I
ANTF OEEFHR Z 1T > T HEE, FJIFEAT A2 52 RATHIE L 7o R AT 5 2 LI L o THfT &
DTV BERND D,

TTE)DIFHIZ(E

FIET 2 2 &R EFRAT IR EE 7200 S fIE A [N 2 s U7, REMIRATIRE S D £ 0 4
LU TN Z &b R EFRATIEEE O ¥ B R B 5 M ~DORITEIG DM A EWT 5,
IVAFRMORRTHEEOBWEEARRT 22 LiTMONTEY, iy avPaun
T O JEIA & W2 AFZE T b BIE % O B EARATIREE OHINA R 6 TR Y | AFFROR R
b E—E LTS (Budick and Dickinson, 2006) .,

GUNJFA~D T 712 —F

FE A 7 I BERRIE T O TRA TN X IE B WL EEPH & R~ L TR0, I YT
BRI 2 D H D & A s (¥ —2) &L TW5, BWILEREPH i fE
ERREL Lo TN ENLEHVOHPFAINTIEF — LEI ELTWZZ ENG0n5D,
RATDHICBNTHENERKS 2L TSP ITEHCH — 2R L TND I END,
IYARFHET LD R A ATV A O LivZewy, LavL, EEZ LIz A ThH
HOED IR T TN = Z 1O 5 2 Eidikerotc, LA, £oT ICHWRIC
M2 D ERN NS 72 & BRI ZRATENZ o 5 2 S idHbk o7,

ZHIEIYNRTF L TOAETEDFEWREEL TWDLAEENRS D, TOL L IZEITHETH Y |
WITRERBLIC L D IEREND RN E NS HITE > T, BEERITENM D D\ WVIZRITO
DOEBERERTHLEZZOND, —FH, IVAFIIBAETHY . BREFICH ARFIX S
WD HRBIRIC LD REEZ T A ZENTESL, LERS T, IYANAFIIHERTRKIC L S
RATIRBE DIEEZ AR L L TEWVICH L TEIUZ EEEICITEI NN Y — 2R S 72 < THENM
TX500b LivZevy, £, IVYNRTFLEITORITOEVREHRL WD AEELH D, H
OPNET- MK 30Hz (Frye, 2001; Tytell and Ellington, 2003), —JF. I YV 3F (%
200Hz ## 2% (Bastlan ang Esch, 1970; Altshuler et al., 2005) Z &5 AN > T RLT
LEELLTWS, 2O b, I YAAFIEIH IO BHIWIRITHIE2S AT HE TRITRE &
BHEZ LoD b Ly, T OME TR ERRE e & ORENFTHARLNTEBY, ¥
T TITRN D IR 12 F — NI ED B, BBFOIEN Y 72 EN R D Z LR ahoT
W5, AL CITRREFIESCREEZ —E L Loz, SRIZIN D ORBERFEL TI VAN
FOEEERICOVWTHRIEL TWL MBERH D,



6. TLr X

ARG TIE, —HOMEOF THEME LB WEBIIC L 277 —2 a UITENCBE T 2 5
FERICOWTE &7z, AR TIE, ZHICAZTT ¥— RIREETF TR ICHR L7
W W TR TR M & R~ 7o 28, BRIk 9 2 EAATENC B3 2 FEBr/e & Bk 72
FRIC KT DITEN R 2 L L7, T DA D =X LERANCEET 5 ETREE D TV
DEHE T MOV TIERITIEE ST, REMEMRET VITEE > TV DR, —HOMF
ZERR RN TNEV AR R, R THBEMICELTBY ., BEL TR EEITITELRT D
ENTERLLEF R D,

S%IE. RARL2FEBEORBOES ., FEODRREEZWLMNCT D20, SRR &R
W 2 [FIREIZ 5 % 72 & & OBMRITITEN 72 EREIC T i O BOE WIS 5 2 & T,
SYRFOFEF =2 a VEBIEEAOGICLTWS ZENRBERELERD, SHIT, ZNLHDOTR
ITHRBEEISZET LT D22 TY 7 MU= T7 R AT 4 7 A~DISHABHIRE SN D,



! Video camera

[ I 1
Wall LED fluorescent light

i

Video camera

0 9!
LED fluorescent light

‘LED light LED ramp
' Food source Stimulus ‘
Field - pipe :Mesh
T Fan s

|
‘ <

Direction of wind

X 1. JEGFEE

FEDS B 2 2> B R7Z X, AR EGRZ A D B2 5 Rz X, (BUHIEARSCRIZRE#)



Odor (n=27) No odor (n 14)

0.50

0.25

0.50 ¢

Cross-wind position(m)
o

0.25

0 0.70 1.4 0 0.70 1.4
Pararell-wind position(m) Pararell-wind position(m)

B 2. FRATEBR & WEHE S

(A) B\WDOXDERE G 2 =R ORE%E ) HEHUKE T £ Co2EEORITEWN., (B) G
2 L DZER 5 2 R ORI S L T £ TOREEROTRITEWS, (C) BV o2& DZEX
% b 2 To R ORI 2> B FHAKE T £ TORWRNTRIT T v >\ —IZ3B 1T DWHAEHE SR, (D)
’@b\iﬁL@%ﬁ%—@itﬁ#@ﬂ%ﬂﬁbx%%HE'J%%TET“@JEL?@W 1TF ¥ =TT DIHTE
BEPE o3 ATi, WEEBEE AR IITRITF v > 73— % 56X 20 Dif 1120 ~ A ZHEI L TR, —
A&7 @%Eﬁ%ﬁﬂiﬁi% 2.5cm T 5,



0.50

0.25

0.50

0.25

Cross-wind position(m)

0.50

0.25

Training point Stimilus pipe

/
m i/
L.- }Il '

Training point Stimilus pipe
/

o/

n=8
Training"paint Stimilus pipe
" /

S ol

0.70 1.4
Pararell-wind position(m)

(%)

C

(%)

B 3. K/ N—FICBITLIWEEENM

(A) Under3 7 Vv—71281F DHIT#E

0.50

0.25

0.50

0.25

Traiging point » wu Séinilus pipe
/

/
--lé-:r.l" /
.. #ﬂ'i’/
T
o

0.70 1.4
Pararell-wind position(m)

FHAKE T E TOMAEME S . (B) Underl0 7

=TT D RNEE BT £ COMESE 4R, (C) Overl0 7 /v— 7 I2E1) 2

Wt o

%
EMEE 53 M. (E) Overl0 7 L— 7 OfiliHtk 5 BN 5

ST £ TOWTEBE 54, (D) Overl0 7 /L— 7 ORIlIKE NS b Btk £ TOW
FHAIRS T E TOMAESEL S,



A(n=6) B(n=14)

(m/s)
o
w

Angular velocity Upwind speed Ground speed
(m/s)
o
Angular velocity Upwind speed Ground speed
(m/s)
o

B 4. RIEEIERICBITEIERTI A —FDOEH

(A) Under3 7 /v —7 ORIBHETERD/NT A—4, (B) B2 LOZER % b 2 72k ORI HT
BORT A—H  KWT T 7 OMEIT 1 BB 2 EHE, =T — A —3EEREEZ R L
TWb, 77 7NOBHBITHRIEOR M Z 7R L T D,



n=22

i
3

0.25

o

Cross-wind position(m)

Pararell-wind position(m)

B 5. BVIREBEE RO RIT B
AT U TIEEVERGEPE, 7 L — o= Y TIXBW IR S & R



(m/s) n=22 (°Is) n=22

0.50 400 *
- ‘ -0? r 1
1} o
8 ko]
7] [ I
- 0.25 - 200
S 5 |
< >
C
o <
0 0
Out In Out In

X 6. BWIEHEBENMCE T2 ERITERE, AEE
BN EHE, =T — N JEEFEEZ R LTS, AEEORGWEHON LI THE
MR 57 (Mann-Whitney, p<0.05),



SE Xk

Altshuler, D. L., Dickson, W. B., Vance, J. T., Roverts, S. P. and Dickinson, M.
H. (2005) Short-amplitude high-frequency wing strokes determine the aerodynamics
of honeybee flight, PNAS 102 18213-18218

Baker, T. C., Willis M. A. and Phelan P. L. (1984) Optmotor anemotaxis polarizes
self-steered zigzagging in flying moths, Physiological Entomology 9 365-376

Baker, T. C., Willis M. A., K. F. Haynes and Phelan P. L. (1985) A pulsed cloud of
sex pheromone elicits upwind flight in male moths, Physiological Entomology 10
257-265

Barata, E. N. and Araujo J. (2001) Olfactory orientation responses of the eucalyptus
woodborer, Phoracantha semipunctata, to host plant in a wind tunnel, Physiological
Entomology 26 26-37

Bastlan, J. and Esch, H. (1970) The Nervous Control of the Indirect Flight Muscles of
the Honey Bee, Z. vergl. Physiologie 67 307-324

Becher, P. G., Bengtsson, M., Hansson, B. S. and Witzgall, P. (2010) Flying the
fly: Long-range flight behavior of Drosophila melanogaster to attractive odors, J
Bhem Ecol 36 599-607

Byers, J. A. (1988) Upwind flgiht orientation to pheromone in western pine beetle
tested with rotating windvane traps, Journal of Chemical Ecology 14 1 189-198

Budick, S. A., and Dickinson, M. H. (2006) Free-flight responses of Drosphila
melanogaster to attractive odor, J. Exp. Biol. 209 3001-3017

Esch, H.E. and Burns J.E. (1995) Honeybees use optic flow to measure the distance
of a food source, Naturwissenshaften 82 28-40

Esch, H. E. and Burns J. E. (1996) Distance estimation by foraging honeybees, J. Exp.
Biol. 199 155-162

Esch, H. E., Zhang, S., Srinivasan, M. V. and Tautz, J. (2001) Honeybee dances
communicate distances measured by optic flow, Nature 411 581-583

Farris, S. M., Robinson, G. E. and Farhbach, S. E. (2001) Experience- and
Age-Related Outgrowth of Intrinsic Neurons in the Mushroom Bodies of the Adult
Worker Honeybee, J. Neuroscience 21 6395-6404

Frye, M. A. (2001) Effects of stretch receptor ablation on the optomotor control of lift in
the howkmoth Manduca sexta, J. Exp. Biol. 204 3683-3691

Frye, M. A., Tarsitano, M. and Dickinson, M. H. (2002) Odor localization requires
visual feedback during free flight in Drosophila melanogaster, J. Exp. Biol. 206
843-855

Gil, M. and Marco, R. J. (2005) Olfactory learning by means of trophallaxis in Apis



mellifera J. Exp. Biol. 208 671-680

Gruter, C., Acosta, L. E. and Farina, W. M. (2006) Propagation of olfactory
information within the honeybee hive, Behav. Ecol. Sociobiol. 60 707-715

Kellog, F. E., Frizel, D. F. and Wright, R. H. (1962) The olfactory fuidance of flying
insects. IV. Drosophila, The Canadian Entomologist

Kirchner, W. H. and Grasser, A. (1998) The significance of odor cues and dance
language information for the food search behavior of honeybees (Hymenoptera:
Apidae), J. InsectBehav. 11 169-178.

Reinhard, J., Srinivasan M. V., Guez, D. and Zhang, S. W. (2004) Floral scents
induce recall of navigational and visual memories in honeybees, J. Exp. Biol. 207
4371-4381

Reynolds, A. M., Swain, J. L., Smith, A. D., Martin, A. P. and Osborne, J. L.
(2009) Honeybees use a Lévy flight search strategy and odour-mediated anemotaxis
to relocate food sources, Behav. Ecol. Sociobiol. 64 115-123

Sigg, D., Thompson, C. M. and Mercer, A. R. (1997) Activity-Dependent Changes
to the Brain and Behavior of the Honey Bee, Apis mellifera (L.), J. Neuroscience 17
7148-7156

Srinivasan, M. V., Zhang, S. W., Lehrer, M. and Collet, T. S. (1996) Honeybee
navigation en route to the goal: visual flight control and odometry, J. Exp. Biol. 199
237-244

Srinivasan, M. V., Zhang, S. W. and Bidwell, N. (1997) Visually mediated
odometry in honebees, J. Exp. Biol. 200 2513-2522

Srinivasan, M. V., Zhang, S. W., Altwein, M. and Tautz, J. (2000) Honeybee
navigation: nature and calibration of the ‘odometer’, Science 287 851-853

Tautz, J., Zhang, S. W., Spaethe, J., Brockmann, A. Aung Si and Srinivasan,
M. (2004) Honeybee odometry: performance in varying natural terrain, PLoS Biology
2 915-923

Tytell, E. D. and Ellington, C. P. (2003) How to perform measurements in a
hovering animal’s wake: Physical modeling of the cortex wake of the howkmoth,
Manduca sexta, Phil. Trans. R. Soc. Lond. B 358 1559-1566

Valdusich, T., Hemmi, J. M. and Zeil, J. (2006) Honeybee odometry and scent
guidance, J. Exp. Biol. 209, 1367-1375

von Frisch, K. (1915) Der Farben- und Formensinn der Bienen, Zoologische
Jahrbiicher (Physiologie) 35 1-188

Weber, A. A., Portelli G., Benard, B., Dyer, A. and Giufa M. (2010) Configural
processing enables discrimination and categorization of face- like stimuli in
honeybees, J. Exp. Biol. 213, 593-601

Wenner, A. M., Wells, P. H. and Johnson, D. L. (1969) Honey bee recruitment to



food sources? olfaction or language?, Science 164 84-86.

Wehner, R. and Rossel, S. (1985) The bee’s celestial compass-a case study in
behavioral neurobiology, Neujahrbl. Naturforsch. Ges. Zuerich 184 1-132

Willis, M. A. and Arbas E. A. (1991) Odor-modulated upwind flight of the phinx moth,
Manduca sexta L., J. Comp. physiol. A 169 4 427-440



5. FARFERImIE
(WFFERFEH . BFIES S R QST IEH (213 T )

(ERSRR ) (FF 11 1F)

(B FET —~)

1. R. Okada, H. Ikeno, T. Kimura, M. Ohashi, H. Aonuma, E. Ito, Markov Model of
Honeybee Social Behavior, Informtion, 13, 1115-1130, 2010.

2. S. Namiki, S. S. Haupt, T. Kazawa, A. Takashima, H. Ikeno, R. Kanzaki,
Reconstruction of virtual neural circuits in an insect brain, Frontiers in Neuroscience,
3, 206-213, 2009.

3. M. Ohashi, R. Okada, T. Kimura, H. Ikeno, Observation system for the control of the
hive environment by the honeybee (Apis mellifera), Behavior Research Methods, 41
(3), 782-786, 2009.

4. R. Okada, H. Ikeno, M. Ohashi, T. Kimura, E. Ito, Observations and Computer
Simulation of the Social Behavior in the Honeybee, Proceedings of the 31
International Symposium of Mobiligence, 87-91, 2009.

5. K. Iwata, M. Ohashi, T. Akamatsu, R. Okasa, T. Kimura, H. Ikeno, Carbon cycling of a
honeybee colony under the environmental variation, Proceedings of the 3vd
International Symposium of Mobiligence, 316-319, 2009.

6. T. Kazawa, H. Ikeno, R. Kanzaki, Development and application of a neuroinformatics
environment for neuroscience and neuroethology. Neural Networks, 21, 1047-1055,
2008.

7. R. Okada, H. Ikeno, H. Aonua, E. Ito, Biological insights into robotics: Honeybee

foraging behavior by a waggle dance, Advanced Robotics, 22, 1665-1681, 2008.

. R. Okada, H. Ikeno, N. Sasayama, H. Aonuma, D. Kurabayashi, E. Ito, The dance of
the honeybee: How do honeybees dance to transfer food information effectively?, Acta
Biologica Hungarica, 59 (Suppl.), 157-162, 2008.

9. H. Ikeno, T. Nishioka, T. Hachida, R. Kanzaki, Y. Seki, I. Ohzawa, S. Usui,
Development and application of CMS-based database modules for neuroinformatics,
Neurocomputing, 70, 2122-2128, 2007.

10. H. Ikeno, N. Sasayama, R. Okada, E. Ito, Behavioral analysis of honeybee waggle
dance and its effect on foraging, Proc. The 2nd International Symposium on
Mobiligence, 223-226, 2007.

11. MHEE—, MEPER], HFECE, AWK, U, fSfEicTE) b S mdt
HY AT LOWE—IVYNRFOIDTH L Aaxtl LT, FHHEH#H#, 46, 916-921,
2007.

o

(3R] (Gt 34 1)

(KHFFET —~)
L PocHER, BRI, KR, RREW, MErss], [EhEE s BEoTEhiEiicaw 57
L I Y ANFHRERESCET 20058, 5 81 Bl A AEY Y2, KT, 2010.
2. BRWIET, HochEFR, KFEHE, RaED, MEpEF], SR EGREIC 27—
REERIC & D I Y ANTFORMESTFAE O, % 81 [l A AK#i¥ s, K, 2010.
3. RN EE, RAJIMEZ, #ike, MEBpsA, BEIRNICRT 284 30 Y AF OB EN
FATEBS DM, B AREY P2 @S E £ s, KBRS, 2010 45 H.

4. ER)INHEZ, I ER], I Y ANFOHRR AT —ATxt 3 2 WHEEF O, % 79 [BIH
AKEW e, iR, 2008 429 1.

5.Y. Hasegawa, Y. Ogawa, H. Ikeno, Flight behavior towards waggle dance sounds of
honey bee, Proceedings of International Congress of Neuroethology, 2007.

6. ERIINMEZ, /WINKFT, MEER], IVYANFOX U AFITHT D EMATEIOMNT, AR
W 18 MR, GLETREE, 2007,



(BENFET —~)

1. [ HE#E—, mEBFEf], ARAECC, KRBT, SECE, OUERE, fFEE 21— s
VNZRDIVNATF 8OFH U AORATENCI T 20K, % 81 [EIAAREY P&, HIK
#, 2010.

2. BilE .z, i, MEFPER], ZARGBST, FEER, WIIERES, LB, e, g
WS, IVANF=a—a BT VOMERME R, 5 81 B AAEMY =, HAK
#, 2010.

3. M. Hata, T. Isokawa, H. Tkeno, N. Kamiura, A. Saitoh, N. Matsui, Spatil-tempral
characteristics of honeybee, Apis cerana japonica, in shimmering behavior, XVI
Congress of International Union for the study of social insects, 2010.

4. H. Tkeno, M. Takahashi, T. Akamatsu, T. Kimura, M. Ohashi, An automated
measurement system for behavioral analysis in the observation honeybee hive, XVI
Congress of International Union for the study of social insects, 2010.

5. T. Kimura, H. Tkeno, K. Crailsheim, T. Schmickl, R. Okada, M. Ohashi, A behavioral
tracking system for multiple honeybees on a plane surface, XVI Congress of
International Union for the study of social insects, 2010.

6. H. A1, H. Ikeno, T. Ito, Parallel processing in the auditory center of the honeybee brain.,
Proceedings of the Ninth International Congress of Neuroethology, 2-7, 2010.

7.T. Akamatsu, Y. Hasegawa, H. Ai, H. Ikeno, Analysis of flight of honeybee(Apis
mellifera) for olfactory stimulus in a wind tunnel, Proceedings of the Ninth
International Congress of Neuroethology, P342, 2010.

8. AML, B SF], KAGEL, [MHEFE—, ITEMANT D7D DEE I Y NFBH S X T A,
55 80 Bl H AEYF2x, #6277 Z > 2 w7, 2009.

9. /G H A -, RAGHL, AR, RaG, MEfE—, MR, IV A"Fan=—n
e 7 — Z 5HHl S A7 DT X D IRFBUINSARY], 5 80 [0l A AREM P, §ilH 77 vy
7, 2009.

10. A HES, Egf], Mm%k, S. S.Haupt, WAREZ:, MEIEE, BA 2 FIEEERH
B OHESE, 55 80 8l H KB =, #2727, 2009.

11, ARAATGHE, M R], IREBITIRME L7 A 3 U I Y AT OBRRRIEISE, AAREY 720
MBI TEIE R 2, MR, 2009 £ 5 H .

12. By 5 f], [HEEE—, KREmIL, AFECC Y ASTFEETE & 2w = —FRprE 2 ic 7
ZFH &g, 55 I B S AR Y w A, BLILTE, 2010 45 3 H.

13. I. Nishikawa, M. Nakamura, Y. Igarashi, T. Kazawa, H. Ikeno, R. Kanzaki, Neural
network model of the lateral accessory lobe and ventral protocerebrum of Bombyx
mori to generate the flip-flop activity, Annual Meeting of Computational Neuroscience,
2008.7.

14, ARACC, WP SEF], KiGHL, METE—, RN, Y ATF OBRERNITENB
AT I, HARWARAESE 30 FIRE, db#EERY:, 200847 A.

15, B S, B HEE—, REEHGIL, AFBECC, ARG, GRS, BN Y AFiEE 2 5F
i3 % 72 ORFZE MEBN FEIE, A ARLEABAESE 30 [BIRE, ALiEE K%, 2008 4F 7
H.

16. [ HEE—, HUEBF ORI, ARAHEOCC, KGRI, HHECE, RIS, BN I Y AF OB
H—r, ARIEARATSE 30 BIRE, ALiEE KT, 2008 457 H.

17. T. Kimura, H. Ikeno, R. Okada, E. Ito, A Study of Identification and Behavioral
Tracking for Honeybees in the Observation Hive Using Vector Quantization Method,
pp.165-166, Proceedings of Meseauring Behavior (6th International Conference on
Methods and Techniques in Behavioral Research) , Maastricht Exhibiton Conference
Centre (MECC), Maastricht, The Netherlands, 2008.8.

18. M. Ohashi, H. Ikeno, T. Kimura, T. Akamatsu, R. Okada, E. Ito, Control of hive
environment by honeybee (Apis mellifera) in Japan, pp.243, Proceedings of
Meseauring Behavior(6th International Conference on Methods and Techniques in
Behavioral Research), Maastricht Exhibiton Conference Centre (MECC), Maastricht,
The Netherlands, 2008.8.

19. H. Tkeno, R. Kanzaki, S. Usui, Development of the invertebrate brain platform, 1st
INCF Congress of Neuroinformatics, Stockholm, 2008.9.

20. [if] HFE—, HEPH], ARFHEOC, KEHIL, HE1CE, RIS, BN TOBIENT DITHE)



NG = W79 I AR R, IR, 2008 £ 9 H.

21. [ HFE—, MEFSER], AR, KGRI, FECE, BHEEE, IYAFO8DFH X
IZBITDRERNTON  ANTF LBWENT OITEINZ — o, BHEHEEMMRAEY AT TEE,
BT, 2008 49 A.

22. N. Kamiura, H. Urata, A. Saitoh, T. Isokawa, H. Ikeno, N. Matsui, Y. Seki, R.
Kanzaki , On Map-Based Classification of Insect Neurons Using Three-Dimensional
Quantification, Proceedings of 2008 IEEE International Conference on Systems, Man
and Cybernetics, 2138-2143, Singapore, 2008.10.

23. RFCC, whBFf], REEEIL, AHAE 1, MEFE—, G, IV FIZET5
BEAEIRDIBHR & BARPVR BB OAMRBEAIEHAI, 55 4 BIBE M R T L, BT 0ER ERE
i, 2009 4% 3 H.

24. (FEEPLEA, MUEFPRH], REEHIL, A, ME§E—, SISO 72D OITEIE K
HEOWITE, FARBES R T T A, KT VIRERBUE, 2009 4 3 .

25. VR ZE0E, LB SR, MR BEURR, 7EAEAR, LI, ez, v~ U itk 5 3
Y XFEHIBATEY O RFZE R, FHI B BT AT A - (HERE P IR G T G T
A SC4E, 1457150, 2008.11.

26. HBF S, APl sEE, VEINARF-, INREZK, HUSTE, Shuichi S. Haupt, B HMRTE RN
RS2l —Ya i T A R—RRE, N F A= R—ar P a—TFT 4T« UK
v . (BSCS) 2008, 2008.12.

27. PRl 52, B SEH], VEINAS -, ANIREZL, HWEHE, Shuichi S. Haupt, E A1 ORI R 4K
Vial—vay, "M FA=R—arEa—T 47« R TY 7 (BSCS) 2008,
2008.12.

28. RFHHCC, MEPHER], KAEEL, FHEE—, PR, ~27 &Aooz vz
I ASFEGBBRO 723D O SLAENFSE, [E57EC0H, 113-116, -1 #uB{E5=, 2008.

(X¥EF) Gt 21

(BEM T —~  #21F)

1. H. Tkeno, R. Kanzaki, Y. Seki, T. Kazawa, T. Isokawa, N. Matsui, Web based resource
management and its application in the laboratory, Neurocomputing Research
Developments (Hugo A. Svensson, ed.), NOVA Science Publisher, 223-239, 2008.

2. KERM, WHEZZMH, @IIBRRE, BEE—, E#wW, e, miRs T, s, BEh
AR RNE 3 E S AT &, B OB~ v 720l (fE&EVR, KILIER, BRA=EARS
W), =27V A—- Yy, 123-135, 2007

(Z Dfh)

R— b= D
http://www.u-hyogo.ac.jp/shse/ikeno/

6. WFTHERR

(1) WrefER
Tl BN RS ER BT N 2% B fl
WoeE 5 - 80176114

(2) WroEt

S AT R AR B8R BRI AT 2R AR G
KRBV —=FA L RAT 4 Fa—F BB
R REH AR R AR B



