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Abstract. The female of subsocial shield bug, Parastrachia japonensis (Heteroptera:
Cydnidae) provides many drupes of the host tree for its nymphs. Our previous study
revealed that female bug foraged tortuously until it had encountered a ripe drupe and the
homing bug brought it back to its burrow directly. We here investigated the progressive
change of her homing navigation comparing the several behavioural elements at the earlier
and later periods during its provisioning season. The ‘homing direction’, the angles between
the longitudinal axis of the bug dragging a drupe and the burrow direction, was measured
and showed no apparent difference between the two periods. On the way to home, the bug
suddenly stopped at the ‘searching point’ and changed its directional walking behaviour. The
distance between the ‘searching point’ and its burrow was constant whole through the
provisioning season. However, the ‘homing speed’ of the directional homing was slightly
increased in the later homing. In addition, the ‘searching time’, the walking time from the
‘searching point’ to its burrow entrance, decreased in the later homing. These results indicate
that the particular behavioural elements taking at the two different homing navigation stages
in the P. japonensis are progressively changed during provisioning period.
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EROTEIO T, BOMERL & omEHIcFEET 5 Bkt L, &8 BABRBEOFmh 2F|
BLEHOIEHICEM LEET 2+ 4 — v a YITEIE, ZOBEERCERS L oBWEITET 5.
CDFEF—Y a3 izonT, ThETHRICI Y ANFRT7 Y REOHAHRERERVCHRFE,SER
bhTEf Z2LTENSOWELD, EEOF Y —va VICBOWTHEPHEE R EOBBREZEEREL
5 ERESISS, BECH L TRBNSAREOFS» D F e — Y 2 YORTIEELERE b
DT EMBPELMITE TV, 7Y AEFICENE, KB (Jander, 1957; Wehner, 1969), HZEDRE} (Weh-
ner, 1984), 5 ¥ F<—2% (Collett, 1996) 72 & OMEMLFEN» D P, HBL 57 = v € VX EDLFERE
Fhsm b (Holldobler & Wilson, 1990) 5, JEBL EDF €/ — v 3 VICFHENE T LGS TV 3.

CO&Hic, BENEES»VERETEFES — Y3 v TR, FELIESTHOBILICKECFS
T35 ERBBICHEINSE. KBPEFELEOREEZI VA2 ELTHBALTVWARHRTIE, KL Ebic
T BENLOFELL D EZFHICE->THIELTEBY (Dyer, 1998), /5 v Fv—27%2F|H3 28T
2, BEs v F=— 27 ONERBBREMSLEESNZZEICEDFEY =V a YORKILL TW 3 (Collett &
Collett, 2002). D& 5 BlLEN S, HBEKAICEOZF X —va VRO EA LR, BYIPIERIC
BEICEMLTWEYL, EOXICLTEBICENT S Y A7 o0BEINLED, LS FIREHLTE
te. UL, FEX—Ya YITHTE, BEORECEEORRICL > T, EMOBELADET LR
PIRZEDRR > TWAh b LAy, BRHIZBWTRIOL I BEAASOBMERIDIEL, FokHI
FEF =3 VITEIOZELY, FTEHOMEHRTICRI > Tw3D0h R L b > TR

Wt rEE> v F A A LD 1 FE =Y FH A L Parastrachia japonensis Scott (1 * A VHiH v
Fh A o vERD OEREROME, BooYRo-oich EEGHE L s SREAETS. 6 A, BEOTO/N
SBBEORTHRENL, ZoIRARET S, YhrBtd s s, HMEIFERTHEFXoFro / +
Schepfia jasminodora DR B U8R (LIF, [E] &FD) 2B LEL, $HOHE L TEAFLRES &
W S AR TEN 2 BG4 A (Tsukamoto & Tojo, 1992). #AEHITENIMEDS LA E T 10 HREE e E, VS
WIZ 100 @l LR o ro s F0FEH, 1HECHICL -T1 >R IGECAENE., COELERT S
PEBEIE, BVEAICR 15SmIcBLIT EMHE SN TV S (Filippi-Tsukamoto et al., 1995; Filippi et al.,
2001). 5ft, FeAaA EBAICB I BEBEICLD, TOR=YFH A L VHEHBEID D - B E R X 5
LEEZRD THKRAERERT 24, —BEEFERLRICIIHBESIE L5 & EFIICEOTEAN
FERLTEEVHFESX =V a VITEIZIRT T & EFR L /o (Hironaka er al., 2001).

FalIEE, =V FHAALYDIDFEN -V a3 VITHO S B, iz ORETHORR LI
FEHL, WBEZEEEL EROKRETIEGE, BEEAEOER L OERBEKT, BETHEHNLO

ST EOLIC>VTHEL .

MRS XURE

ﬁﬂ%immﬁbﬁ*%E%mﬁﬂramﬁmjfﬁot FEERTH S [BORIL] id, ~=v
FhHALVDORFHEYTH SR o R0, FHBBEBEIDHLTVS. MRIKIIKEL DR=Y F A X LY
HER L, BEEICIEE bR ﬁz<®%éﬁ§¢5 LINTES, ZhoDE OEES
LC—o OEFEEA % 15X 15m OFEX E L THREL, HEREZFECLOF /2RI L D I mERTHRFIRIC
X1, BocHiOMBREDIEEE Lz, §XTOBER IOFEXNANTIT > /2. 2000 FEOEE
ficid, COFHBEXANTS6FEOBE ZNITKHG L1z 56 LDl MRS e, MR L LBEOADDREICIE

Bk O/NSHARE L, Hoirdic i3 &8ss (Holt Products Ltd.) ORI ZHW T —F v 72K L,
- il N9 1| L O A
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RFABEXTIF2000F 6 A 19 BIHRETHPEBES A HORETEIZI0BMEE#MESINS
(Filippi-Tsukamoto et al., 1995). T T, 6 A 21 H& 22 BAFAHHAEB S TR & 5 WIASHTIIH OB &
L, £7:6 A 30 OGO S U UREITHEZBE L. 2hThoRETHOBERICE, 20
EEOBEATXAFFFEILVESICLEDLS, #H-OENENEFAThTVHWAEILEAY v Lk B
FEOHAOEHE TR, £ 0EEB 1 HOEDAEZBENETAATED, BELIJFETEHOZY, 20
BAICE TR UDTOERTH > - XA L1, k72, REBYTRE C Ok 20 L EOFESE
HAGEWMAATO, MRBIEEHICEEEIIEGL, TORETT S, HITMLLEFELTERVWIEEDR
SIPRITBHREEVR SN IcEERD 7 — & 3EFTICA 120 - 72,

IZETENE, HA o 2m U BN TEAERL TV AMKOA AZEBEGR E Lz, HEREZPHRL TV
oA LR oro , FDOEE2 155X 3L CROVAEIEESRL, ZOERICHEOARNEMLT
IRRAEBGT 5. EAFIET VRN OEOARICHEIHED TH S | HROMEOFRED A ZRE L 7. &
oA, MOIEDFIREICE > T50cm OEHEBE itk > THIRITR L. EES5Z LB
BHOoMLDT—h—ELTEEZRILTEE, COBLEOADOHEEAVT 7 AL THEAKL., TOkE
HEROERN - 2AHELRRIEL EEAM] & L1 (Fig la).

N=yFH A A VOIRETEICE, ENMOBELERT [EEAM] DA OEARIET 51D ICERS
BRARDZIENTES. FICIT RN, [ERMEEREOSITEE |, [HETHORMBME] B &
U TROEREG | REERD V2O RERBEREEL SN S, [ERMREROSTER | 3,
JRHEARIA L2 5% A0 H5IBBR L, REEBNC | SRR EEL L, ZOROEIPOHELL. EHEY
IIRBE LTV AMRBEOEE TRIET 5 &, ThE COEBNIFELIEY, ity — v 2RLTHE
RHERT A LS BITEICYID A B (Fig. 1barrow). O [{FERITHOBEAE | 255 O OELRERH &
LTEERTRIE L/ (Fig. 1b DA, 8875y — i & » THERITEIMBIG S Wik, HI3EOAD
CERET A E T, BN SR BB E RS S BoBERES 5 (Fig. 1b). ERITERGRD» SR
FETAETORMER by 7oA FTEHAIL, THROBERRM & L1,

S SERIRRNT . IREH OO —HEIT D W T ¥ test (Batschelet, 1981) 2 H\WTHRE L 7z, JR84T
HORERICHOWTIE, FHIEEITOMRY %2 Mann—Whitney U test iZ & » THREL 7.

= S

FEXIcBVT, BESBIBINABER TS 2RETHE, BETHOK THRBEOKRERALE TZA
Zh D EFEORETHEBE L. TXTOREICBVT, X=vF A2 2 VEEFRINTIRRELE B
OFHE CERIPRETE AKX T L, RO c—ERMEHS D Q- KB ZEE A S EOAONE
DELEVHIFIEES T X TRESTOATVWE I EBEES N

FKEGZONTRELRG LR, BSoROKRANKEZ R TEL 2. OROFREICXY %
fREhomEL NREAR] & UTRIEL, REYHAELBERITHE L ER% Fig.2 IIRLTWA. 4]
HEgors soiicd, [REAMH] ZHSORO AR ZRT 0 fhicFE—Hicam L, MidES O
BOHEICIEBICEM L TWA I EMBBIES NI (V test: FIHH; u=5.57, N=19, P<0.0001, %, u=
5.77, N=19, P<0.0001). ¥z, ZUDTEEF-> TR T 2l (Fig. 2a white circle) DERL A b, HEK
[B]5E %8 L - PO D Z 1 (Fig. 2a black circle) KX 7FEVWRBESh b -7, ThoO
B3, FUHTRET 2B L OHRIETHOM, BEOCERELEA I (Fig. 2b), X TOMEKMEEIC
Bt U CIEMSEMET AL VS TEERLTVS.

—H, UaEARH UAOREOER%, FRICHRE BRI TR L EREUTIORT. oD
JREEE 2R [ERRTYREOBTEE | 3, BRI LRIBTRL > T (Fig. 3a). #IIHTRIS
76.4 cm/min T& - 7z DI HA, BEATIZFE 99.4 cm/min & FEIH 72D (Mann—Whitney U test: U=
95.5, Ny=N,=19, P=0.013), HEZBEZHICEIHLY BELZ 23 em/min BOREAE—-FIZEET L
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(2)

Drupe given place

(b)

Drupe given place

Im

Fig. 1. The schematic drawings of the homing behaviour. (a) A marker twig was penetrated at the place
where we gave the bug a ripe drupe, and twine was fixed between the marker twig and the small flag beside
the burrow. We put the ruler on the ground along to the longitudinal body axis of the bug. The ‘homing
direction’ was measured as the angle between the direction of the ruler and the fixed twine. (b) A trace of
homing behaviour. After direct homing, the bug usually performs a sharp turn (see arrow) and switches

its behaviour to search. Dotted line indicates the length between the ‘searching point’ and its burrow
entrance.

bbb, BEENSREOR, oK $THEELLMISIENICY — v L, BEERT 3 L5 5T8HE
Bk 9 % (Fig. 1b). T OHERTEMREG I NS ZE L 5 OFREE U TRIE L 7o THRERITE ORIGHL
& (Fig. 1bOSfRTRI R &, HEMHEKERAE CEERZREAD Shir - o (Fig. 3b;
Mann-Whitney U test: U=137.5, N;=N,=19, P=0.209). ZERITH IS E~FZET 2 E THRI SN B, C
DOFERITE DG TH 5 [HROERK ] IO EBRPTRE SR -> Tk (Fig. 3¢). MBEEFIHHT
1345 36.1 430, & SRWVEATIE 2 B EROBERITESBEES DI LT, RIEFRATIEYY
4750, ROdDOTH 2479 ThH o, [HOBEREM] REBPICKIBICEMRINSE T EBHSMITE - 2
(Mann—Whitney U test: U=43.0, N{=N,=19, P<0.0001).

NI | -El ectronic Library Service



The Entonol ogi cal Society of Japan

A A LYDIRFES EHF — Y 3 v OREBHIZL 5

% -3

B L TOREAESURIETE LG L - EROBREIE, EREIOHRIHEEZER L BERIicsV
T, Biowd 3ol NEEAE | IcEBLEZERC (Fig.2), BUDTEEERT s, B
BEHERER LA EED S EORVWVERNKREELIT- 0. 2ED =y F A XL OMER, BLD
TORED SREOKRTET, HOHENEBICENTZIENTELDTHS. AHATIE, REHIY
DOt b RIHDOME S FEREICED S 2m DI LB TEOBERITH 2 L TV AEGFEEHV. ol &3l
LHEMS 2m OBEBETORETIE, BBRICK > TV IEHELEMENPERIN TV DI TIREWVWT
CARLTVS, BEZF2cm DEEDOR=YFH A LVIZE >T 2m BEEITHL T 100 ZEVEREED
BEhE L TwaTlicy, HEBOBMAWNS Z &L EEMNICRET 2ITHRIBRENTHS. Ll
—HT, N=vFH*LTRIBETEONPEEREITE, EE2BEHRTIHICHET 2L FHIE
120, MEREIATREORL T, BHTRIVEISENTUAVWEHTEEZERT SEREZRL TO
BT EMBEEINTVS GLHS, KFEHK). IV 3F Apis mellifera T b [alBEIC A RFH O BRRE © BRI
I EMROKRE I - TN 2EEBE SN, Chick-To v Fv— 27 28ERICEE L TWAT
REMEDSRIB X T W B (Capaldl et al., 2000). FAEERRERICAE S BEROEPHDE VDS, EMFEE L LTO [F
B CHEABZ TV AN R =Y FAX LY THEHEPBOLEIREATH S, ZOREIOL
TRAERTEFEL TV A,

[EHIYREEOSHTEE | I3 &R TEVHSR SN (Fig. 3a). #ifotfcsBkBolcdls
HATICELIbIEE 3L BITHRAELNT, —EOHETHBEHT LI LoBEIN I ENL, FHR
TR AP EEICELC > TVWB T EERLTWS, 3V /NTF Apis mellifera T3, #TI373 < BB
DSEMRIOFE AN 2 L HESN TV (Capaldlet al., 2000). X= FHh x & v DREEOTHEAL

(2) (b)

Burrow
direction

Burrow
direction

Fig. 2. Circular graphs showing the distribution of ‘homing direction’. (a) Earlier homing. (b) Later homing.
Small circles around the circular graph indicate the ‘homing direction’ of individual bugs. White circle in
the earlier homing graph (a) shows the initial homing bug. Arrows indicate the mean resultant vectors (a;
mean direction of the resultant vectors, r; the radius of the circle corresponds to vector length=1, and N;
sample size).
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Fig. 3. Behavioural elements during the direct homing behaviour in the earlier and later provisioning periods.
The ‘homing speed’ of direct homing bugs (a), the distances between the ‘searching point’ and the bug’s
burrow (b) and the ‘searching time’ (c) were measured. The time taking the bug from the ‘searching
point’ to the burrow entrance was measured as ‘searching time’. Mean values with SD (vertical bars) are
represented in the histogram. For further explanations see result.

BPORE— FOZEWL, FEX -V VIBERZOLOOELED), MOKEL LOEX T 3ESE
EWT 25N OB OPEKEVETH 5.

NR=ZyFhA LY IEFHRERTRICBANICY — 43, ZOROBEEZFERT 2 1TE ORKEE
KHEVHBIEIN, o [RoBEERH] 3, #illicksd 2783610056, BREFICIEE4T75E
BIICIERE S T\ f (Fig. 3c). [HEOERIRE ] 1213 U TORENKD - 1%, IROBEICBVWTTC
KRB0 TIREL, ABORBE EBICRAICEMRINTVWA I EMBIEsATWS BLHES, F
). BRENIERERT L CTERITHAGT 20ETH 5 [HERITEOBIGMNE ] »H & %iich
BREMNILVWI &5 (Fig. 3b), MEAKREEEBEIIC, L DBEOF THERERET AT Eick ) [HoFER
Bfal | DRI NIOTREBWI LIS THS. TREBERIICE SN S [BEoBERER] oKIgx
BRI EDLSWERICLZ DA NPT FHRIOILBERICLD, "=V F A £ A vOlf3EDOADD
BRI BRI~ —F v V2L, IOERBEICBIIREEEOFELDELTHVOTWE S
LWZ EMNBASMIT Y D055 (Hironaka et al., #fEh). BEEHAOREICR ST 2 [ BRI
DB, COLFEM<—F v romibick 3 b0, HOEREBROEHEICL S bOHEEED,

AR T, N=v Fh 2 & v OIZBETEIBEGR G 1 BEOHN, ROEOTH THFERITE A BEA
TAHMERELLSVY, 2. BEEESERIICHE 2D, RoOFERBHSHBEEBORRE & bltkExL
BREsN2 WS TEMBHLhICE -, FEXF =Y a3 vERITT 22T ESBRIETH Y, HEDBRRK
EIB—EMBICRESENT 3LV SEORRR, FE7r—va YITHOBEIGEEZ 5 L THEER
HR7ZAS, BECEET S EVS FEr—va YITHOHKNA» S, ChEFToFEyr —va YIRS
WTiE COREIERELZON? LW EMOHEEOEICLVAFERNET Y, BANEMNT EAHEIIOV
TELDF—sEDONTE, Lhrl, BRRIZFDOF X — v 3 YITEODTIREEE, EMOKK
F, TxNVF-HBULEOROBETHESY -V a3 VORBEZFEHTVWBEDM b LA (Dyer,
1998). €5 TH B0, F ¥ — ¥ a YITRIOBEEE CHEIRRS L4 LAlm2 SiEc i L, £
OHEREFBRIELHEK T2 LItk - T, BLVFEICEROF X — v a VEIREZBHS ML TV T
EMTEBRIEALSD,
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AREE LD BITH VLIS THEE VIO EREMRFEYERE O GBCUERIR B L Uik
HERICERIZ2HEERT 5.

3 #

WLty Fh 46D 1T =Y F 5 A & Parastrachia japonensis DWfE, FEARTHL Ko Ko
/ % Schepfia jasminodora DX EAEMEKR THME L A3 SELH L, SHOEE LTEARELRES WS
fHITENZ1TS. ThE TOWEL SR, fidi 0 < k- BB AR E U OEKERD THRIKRESITS 548
—HEEZFRRLABICIIHEESNAELE S LR ERNCEOARNFEL, BOF0 TREERT S
O BTEE A TREIICEICEET 2 I EDBEL AT > TV S, ARETHRA IRERETHICEH
L, ZnoMEEOHRIETIHERIETENT 20 ES 2 BB L.

EFCREL TV 3L, RETHCBL TRV TLE o OREOHRANERICEN L, HEht
FHEL B E BB TEESERR O NG h - FRERNSREOR, BRINCEEERT 21TH
DS SN BALE, THbD [FERITHOBAE] Bl T O LRt3ED o s, -1, L
L. Mo TEEREBOSITEE | 3, BREORIICERICHE B -7, FLREZERT 217HORME
BRf, [EOZERIGE ] I bREVPIE B TRELENR OO, I TRIBO [HOBERRH ]
BAEICERES N, BRPEOMIIEREZBEAETOTIEAZFEL TV, IhS50ERMIS, X=vF
HALVOREFEF - 3 VILBOLTR, BEDITHNERVERNLSEERT I EDELMITE -
7.

51 A 3 i
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