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Does antennal movement represent insect’s motivation?

A neurobiological study of antennal sensorimotor system in the cockroach
(B AEFRHERS)

REMZEE NWNKFE WHEHER
Jiro Okada (Kyushu University)

The antenna of an insect functions as a multi-modal sensor for detecting chemical and
physical stimuli, and it is actively movable to scan the surroundings. To explore the relationship
between the animal’s internal state (motivation or attention) and the antennal movement, behavioral
responses to an attractive or aversive odor were examined in the searching cockroach. There were at
least two basic states of the antennal movements describing the patterned and random trajectories.
Spectral analyses revealed that the spatial regularity in antennal trajectories was increased with the
attractive odor stimulus (sex pheromone). Hemocoelic injection of a muscarinic agonist pilocarpine
induced spatially-patterned movements of the antennae in intact animals. In isolated brain specimens,
pilocarpine also elicited coordinated activities of the antennal motor nerves. The patterned trajectory
may reflect an activity of the central pattern generator (CPG)A for the antenna, which is frequent in
the animals motivated by the attractive stimulus. The random trajectory seems to originate from the
same CPG, but probably modulated by unknown sensory inputs. This is more frequent in the
searching animals insensible to useful environmental cues. It would be possible that the spatial

regularity of the antennal movement is a key index for the animal’s internal state.

AR
BTN R OB 2 REREZBRBTZAL, TNE2PHEMHBERTLEL, RICEZ T
BEIRATEN S 0 7T A EMMANL T, HETDH, ZORAF—AI—REMTH B, EED
AR TIIRF 2 22 BT 2ERIRREDS, RIBUSZE L LCol ) (1TH) 2K&E<ELAT
Do ZONERBIZTETF =3 v @EMT) ELEENTWDR, ZOEERNEEL
IZEIWIMRIARTH D00, 2ERBIIKREAABRTH S, AHRITETFX—v a0
bz, LEEBRBMRMHRRACTHERINIBROMA (T 7F) ICBWTTEIL LT
TR, EOFERFERM L L CABEZFEZBEAL, TFX—a v OMRA =X L2l %
DRV ~NVTHERTAZ L2 BRE T 5,
MERBHEFIIXTINMAE (ToT7F) Lo TABEOYEEELZ YO LI IZHEL



TWEDNEND T = IZOWNWTHRTE L, IXT VR EDORITHERRIT—RIZEE
BLET U720 b, ZOREIIHMEE, #H. RE, BESIER LI EL 2
BREMEPFET 5, FLEERAT T T OMUIBELREK Z LY, Zhic kW =R
BZ2RBZEZFRBIZIL TS B2 bbb, BETHROIXT VI L CHIEYEE
TUTFTRERERT DL, IFT VITAEROEMEMIZLY ., BRLT T CHEML 2N
DME~NEGE L L D LT AEMAITEN R R T, ZOROT T EBERDL L. WiKic—
bl Z & BV RO Z o L IRIC AN 72 % 0 & BZERRAIMEIZ IV T
B2 BBRICHP>TWe, ZHFEXF7 Vo TEE] E bWV EF =30
BACRT T BT IR HENTWD I L 2BTRRTS, ZOTHEERZEE 2.
T T T EAZ COEICBED 2HREEEFAN, BRT VT TREFR—va v - A
VU= B EERDBDONENERLNIT S,

vy e S
BREOIXT Y OFT T FiEE)
RRIBHPEAEOREEREFEBOICNET 2EETHD, ZD0LEIXFT VIV
PIHBITL L BT, TUrT T E2RELFHEOICIRY 8153, BEREFEOIXF T VXL T,
FEIMB L OBV E S 2, 7T T ER L EKBENICOWTIRA T, T T T
WK - BMEMGAICENK 72, £ 0 3RTIEIFATIIZEMMOEEZEE L., B D CD
AAZ7ERNDLERDHD, TZTRARNTEHICEERT2HEAT a— LK 8%
WL, BESITRFRERT P — FEG T CTERERBZ 207z,
BREOIXTVIZHFNE 7z Ey) 2523, 7o T T OXKEFROE
BHHEAPIRP oTz, FEEBEBFEITEZCE DL, BRI — 2Lz, ZULLORIE
TRIERE THRD LX< FfE Lz, —F. B#EMEW (VEXY) KL TX, 7Tt
EEOZE L WIS EE . ABBEECHEAB R LN, IR, BREOITX
TUBRERREROFERMET S, AEOEME TEICRETAZ LERLTNS,
T T T EBOEERIUIKH L TR M 2B I 2ofc b 2 A, 7 = a € UHIKIC
LTI, KFE EEMS E BICHEDRBREFERONRTV—E—IBRLN, ZNEHLD
BEHITIXEIE 1:2 OBESER Doz, LT T EBNZERHANC & 0 HARIC 2o T
WA RIREMZ RIHERTH B,

T T TEBNII T A RIEEE ORI R

BRAx RIRIEMME LA ¥ 7 MWK OFEICMEEA L, T o7 FERNII R
DNRZEABBICEVBEALLESRE V2RV TEE L, BiERIITIEEIC—E D LR
AV MET IR SRT T TEBEREIFRT D Z LIT0h o TV, AFETIE.
iz T=aFri7a=2 b TIVHEOHRIZOWTHLHAN,



LAAY T =R PTREBAIAVE Y BEBIRNT, FOT7 T FEBMNT 2 5D
BEPBO N, BREEELEHEREE 1 BB TR, ZRMICHMEY b2 T
YELRT T TEBE . L 1 RERILL R 5 2 BRFETIE. 8 DT A < M CHLAME
DHLEMBER Lic, AT MEENTOFER, KT, BERKSD & b ICHEDBREERD
NT—E—=IBRLN, TNENOEEEICIE 1:2 DRERRH -7,

RAWk=aF 7322 D5b, =aF IR bBEELERNDRETR LE, T
TTHBNIZ DFE. FUFLER, DBRERLET—F 2L e Rbot, T—F %
1t < HRMEB BN IZ BTN T RS MVBT R B Z o 1ok R, KE, BERES L BIC
FEDBRBEEFHD T —E— 7 BELNL., TNENROBEBEEKITITREY 1:2 OBEERD
2T

INETOLL DETHENS, AEWT7T I RITHRIEEDE L LT, BoEF~<—
ValilHBLBEE L TWAFREMERH IR, SERLEEY (F—RIr, v b=y,
AT MRV FI7IV) BT T ERCEEREAEREI SR 0T,

I 5 2 U UAEEME R D% 2

BERNRETR LIc2o0ay AMEBMYE (Erbibvy, =aFy) ZiEHMER
WCHRE L, MOrbEDRS T 7 ESMEROFEES 2 RN THE L, Ea L, 1T
IFRERITK TR L OEEESRE CHARLGRBERE S DIEBNF 2R L, MR
PEIRTEBZRo TNV W, ZHiEA v ¥ 7 MBI CBEISNHAMESY L <KL
T3, =aF oW TIIBAEE TO L Z ARELEESGRIIBEI N TV,

ZE

Bell (199D IZ L2 EHERIILLTD I 2DE— RizHiFbnsd (Fig. 1) : 1) AAREE
DIFEZ RN B I NI HI2VIREE (ranging) . 2) BIROFEZ R LB & 4T
TEY, ABEZFELSAET DHKE (local search), 3) BIRDALE R FE LESET 54K
e (orientation), BEETHANAMN, Ix7 Y DM EMITERICIT. 7o T 1338
72 2B 24 < & & %<, ZhiT orientation OIRREICAEYS T2, A, 7 =n
FErEEZLEZA, R EMARAIMEOE KERERT BFERN AT MEIZEY
Bohic, EREBOHAE L. BMWEAN CIXELRARAET 0B WEFBE2EE LIZL
W2 LEBETDHE, ZHUTEFED local search DARFEICHY T B L EZ 2 bhbd, U
ATDAFSE (Okada and Toh 2004) 7% ranging OMREETIX. 7o FFEBMNIISE A LS
FLThHDI ERGH>TND,

A Z 7 NRBMICRITHEEHROERTIX, UrILE L THRENET VT &
BT 2FEEOIEAMERH V. FREETIEI8 OF 2R < O THAMI NS Z 23384 LT,
FRFEM TS T 7 T OKFER L OFEE T W OEBHHFREIC B\ CEERIGEFEREI N



LT, ZNHIXZEMICHAMEEZ bSO T o T T ESN, BRE 74— Ry 72 0EL &
FTLHFWMEARIZT BT T AINTNWEZ L, TR2D bR/ NZ 3SR (central pattern
generator; CPG) DIFEFEZRIRL RT3,

FATHIZEIC LB & BROREMROMBRGEDEITIZEAENTEFLIY U THY,
ZDOREREKRE (BT FTR) [KIZLADV VBT EZREEL, B CHEIBICERT 3
&, HITOEMBERD CPG (IR LTITL AL U U7 =2 NRWIC(EEMIZIERT 2
ZEBMBNTWD (Trimmer 1995),

EZRETDE. REFOBHONERIE (FF_X—v a3 b WEEER) KBET5
AX—LPENPOER>TE e (Fig. 1), BB TEBRANICERINE T ARCIZT o7 iE
BIBTEMALT 205, MDD OEBEOBICIZTMEI S b, BREZRFERNYNKRERS
M H7RVREE (ranging) TIE, 7277 CPGITHEICEE 2 REEANC L B3 EMEZT, 7
CTTEBNIT U LR R TS, T2 TIRWhIT [HEIMEE] ORET, BT
Rx RREEDHESERBEEICZR L 2T bRy, —F., BARRBIROFEL
272RTE (local search) R, BRI ZDNIEAH5E LEL T 5 KR (orientation) TiX,
B S ERANBFE TS, A3k CP6 271 /5 A SNEHBIME T T - 1Esh <
FUBFREET D, ZITiRVWDIE BRIRWER) ORET, BWIZERLY 2B8-ERIC
SREEFETNITIW, BIEIEZ 4 — RNy I8, BEFITT 41— F7 4 U— FIICEIRIER
LTWbEHEZ25,

ZDXSET 7 EBEEF, FFICEOERARAMEORE LI EEL LT, BROEF
N=VarHEVEFER LV NERREREBICBEIFRETH D Z LB TE T,
VSR, MMEANREKIE L S ) EEIMEMEZEATEZ LT, TOMBA =X A
ZOWTHR LNV CHATE 3 LSS,

WroesE

NERFER _

. AH @Y, ME ZB, # RE,; (7R atoX0oL@REE 775, BAH
WFEESNMNE RS (i, 2005)

2. [MHE ZBR, B &=, (Ve IXT VDT T H0OATENE . BAKEAERE( S
& (I, 2005)

3. MHE ZES; TRET 7T o), BARLBGESES R, 2005)

4, FHE ZER, TEIL s, BB S, (VL IX T YT UTFFOFRYT 4 2 A, H
AEFa (<X, 2005)

5. T BEE. FME TER. BE i [BVWEERMOUELIXTY OT T FIER .
AABMES (o< IE, 2005)

6. WA &, # SHE. ME B, B BE; (U IX 7Y oMARRER ). AAS)



WELS (o< 1E, 2005)

7. Jiro Okada; “Active tactile sensing by the insect’s antenna”, The 2nd International Symposium

=t
G

L.

of Entomological Science COE (Kyoto, 2005)

xR

Jiro Okada and Yoshihiro Toh; “Active tactile sensing for localization of objects by the
cockroach antenna”, J. Comp. Physiol. A. (2006, in press).

Katsuhiro Nishiyama, Jiro Okada, and Yoshihiro Toh; “Behavioral analyses of antennal

movements in the searching cockroach™ (in submission).

" = = = Ranging
o Escape
; * I R Local search
-t ~" X ‘
,’ =» Resource Orientation
=T~
~
] J 7 X
\ 2 /7 \R
N \
~ ~ o s
<— —
s =~
’ -8,
’ \
~
Aversive object ¥
: Local search
s Ranging Orientation
— L R L R > N
S8
5| & &
> o
| _Suppressed Random Patterned

Horizontal position

Fig. 1. Various searching modes and antennal trajectories



