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Abstract

This research was conducted as part of a project for gathering ethological data
on the evolution of maternal care in attelabid weevils. Loose roll type cradles,
which were made by Deporaus unicolor (Roelofs, 1874), and their formation
behaoiur were observed in the field and in the laboratory. Host plants used in this
research were two auks, Quercus serrata Murray and Q. glauca Thunb. The
process of cradle formation consisted of 9 different behaviours of 7 groups i.e., 1)
checking and measuring the leaf, 2) leaf cutting, 3) oviposition (a: making an
oviposition hole, b: egg laying, c: closing the mouth of the oviposition hole), 4) nibble
walking, 5) leaf rolling, 6) locomotive walking, and 7) resting and/or eating. Each
behaviour was described and its function was discussed. Leaf cutting included
complete penetrating cutting and incomplete non-penetrating cutting. The latter
was operated on the main vein and on some lateral veins. For the loose roll
cradles, there was no method of physical fixation by structure or one of chemical
fixation by adhesive substances. The scrolled state of the cradle leaf was

maintained by the wilted leaf’s rolling habit.

Key words: Deporaus unicolor, Attelabidae, Coleoptera, cradle formation, maternal
care, 2574 7 EFavx, F b7 IR, REREITH.
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AWGEOHRE L3+ 74 27 EF 3 v * Y Deporaus unicolor D&
LA 7EFayF)EIE A4 T 7 IF Attelabidae 73 v ¥ U7 AT
#i £} Rhynchitinae D F2dH > CTE L DFEE E LB TH S (Voss 1938-42; 128
BARELTC5), ZLT, HREOKRFIZOWVWTIX, I¥Y~YA 7T 3
w &) (D. nidificus Sawada & Lee 1986) 7 & 1980 FAC LI S L7z b D
bH D, Sawada (1993) ITEHM L EE LY L Twb, 2B, OB I
AN TEB D (BIAIE, Legalov 2019), RitHM L H 5. KETIE—EE
O TEINEWEIHRIE SN T D G 1964; 2 - R 2009 %2 &) Z D
LI D 72 DI DRED TN & B ETE G 2 Y 5 7217 O (7 v~
)47 EF 3y XY D. ohdaisanus: R 1986) X2, ¥EEY) D Z LI A TEL
7 EOM T AT (B84 2 €F 2 v %) D. betulae: Debby 1846; Daanje 1964;
255427 EF 3% D. unicolor: TE 1929V I ¥~ A4 2 ¥F 3 v %D,
nidificus: Sawada & Lee 1986; Sakurai 2005; ¥ L — 7 + )L 3+ D D. sp.: Sakurai
1985 (sp. no. 47)) & SAZIXF BT AV CMBEOIRE ICEINT 25 (4 44
2 ¥F a %41 D. hartmanni) FTH Y SIEICE T

A7 FavF)BEIOREEGA 7 EF a vy X NEITZOEDOEL S
CREOZREND, ZOHNTORERBATE O M 2 T 7E AR A <
Fa v XYY A THERNICB L RERRITEOMLRFICERETH S
LR E N TV S (R 1964; Sakurai 2005) o

aFTA4 7 EF 3y FIZOWTIE, Djukin (1915) & iWTEF (1929) (F 1)
FREOR % R LIZETERGERE & fiTHIZFR LT 245, RERRIT
By DR 2 ML £ 7200,

1) TH (1929) 1 D. uniformis & FRE LT\ %o FHH (1935) 33+ 54 7 EF =
yFXF)ELTHEL TV EDEHEDO~ IV L ATF 3 v %) Chonostropheus
chujoi DIRETH 5,
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CNETIREENLIFIA 7 EF a v 3 OREICIL, 200FHR
& %o 1 21d Djukin (1915) & ¥ (1929), FRA (1964) (/R S 720 (WUT
Tk, BEEEE, H2VEBICEAEHINRILETE) T, 19 1ol
Sakurai (1990)” & %2 Hl - IR H (2009), Kobayashi et al. (2012) |2 7% & 4172 %
FHOBERMNT, HDVIEHICH B TEIFRI L ETE) THb,

FHIE, NSO 2 OORMTENYIZR 7 ZWAEIC X o> TR SN T
WLHREED B D LEZ, TNENORETBICHEBET L L &b,
FERGEEOITEBRE 2 BINIMA THE T TITo T &7, TOMRE
20D CTHET 5. ZOWLTIE, HEIMOBERRITI*
Wt 2. 2LTC, KIRT, Y BORERRATEI L, 2 >OITEIIO
BN CORRBETRIEHNIC O W THE T 5,

I. WNREHE

IFIA7EF 2 F) ORBESIHEE (B1a, 2a~c) ZRETS
TER 2 R RIHRE LR 5 CICIRERBITEI OIS 2175 720

D) EEOIK 1975 205 2019 F12HF T, EIE LRE gy
VPR, O R i e st X H LB & OVETHI, AR, R E S
MHRKIRE CORL % ET, FHEOIRREF T OS2 17572,

2) RRENEIN ZENOEINKORAEL, 197546 J19H & 20 H,

2) 3 Sakurai (1990) D L H T RAE % Deporaus sp. £ FEiL L TWho, £
I o 2 DITROFIEIZ L 5o BIF 1987 4, IRHEAT LIRS X ARE L
TERL L 72k (s S BUER @ sp. O LR &, R D BURE 2R L 724
i (R BUER ©sp. L LAERR) & ZTE L TWiz/2wi, RiFidEEICt
R R/NTHLITNEL, 554 D.ounicolor THHEDI L2572,
Sakurai (1990) DX UL D BIREZ RS 2 EETH > 72 TOREH T
F 47 EF 3 v FY D. unicolor DIFZE L L THE SN T2 DI3HEE &AL
Db DT (Djukin 1915, ¥ 1929, FfA 1964), HEH RO oixfis
Twiahpolz, E2EFITLE, MEFTTOLEHINTHE—EED 2 >0 D
BELYTERTL2OBIE L2 e b o7z (B OHIX 2022 SEBIEICE
HETEDLL V), £ TEHIE, Sakurai (1990) TIIXfRAE % D. unicolor
EFEFLETIT D, sp. & L7z
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(1988 & 1989: & 4" F 7+ N ¥ 7 3 Paratrachelophorus longicornis) 3 X OV H:
(2005: 2V ~A 27 ¥F a3 v XY D ndificus) L7 U<, FH&EOFBELICO
W%,

RERRDMGE 5720, T bbbl LA b Thbii T v HKROZE,
IKFAZIE Do 72 D BRI LD & B2 o720 55, 72721, HpHEA
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TobiL, BEICHHSNLZEOIHMN FIHEHD) 132 L TEENT
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CEQER» SO % RICIREEZ BRI RS, b, JiUdE
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2T, FWTBHAAMHIZE & & B GREIEE S & ) IREOTRIR & BEA T S
TeREER WD 2 & & Lz, BB NS 5 5E%A O TR E TOHIFIO%E
GHFMHMARRE Y, %5 —H DL, DF ) FIRH S EMOHE DD
5 IEFE COFPADPEBHAEMIEL TH Do AL TRIBL T2 4B E
RETIE, ERPORL L, BWRABRIHNORERICH ) TIRED b4
P HFMTAARIZE S T 5o FWTHAE T MOEFECICH Y, TR
L0 QTGO EMHRERES TH L, EEPLRGAIZIE, 60
FEARIE LR A SMEET B (Bl 212, BB AIEIED S B L Ao
IZRELTW5),

. #EReER

1. EEOWIR (M1, M2, M3IBHM)

FEIRZAERTT 2 1 RKOFERAZEICHS Tz (M1, M2, H3), HMT
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Fig. 1 Loose roll type cradles of Deporaus unicolor in the field.

a S ITEMLREL L OREDS T TICET LR b, ¢ @ BEHhORE
%’é %Eﬂ TRREDTET L 723EF HH5

a: a cradle almost accomplished and unused parts of the leaves; b, c: a cradle under
formation. Arrows: unused parts of the cradle leaves; their cradles fell down.

FRICIFIZER T DS o7z (B1 a, ¢, M2a) Y, FWHRAELD
T (Fbh, FEHEA TR & SD1258D ), BRI 2 5 s AR 4
CHEOETMIZ P> Tw2) ZEAHY ®2b,c), ToHdbdHo72 (A
1b)e MAT, B LE BV TIURIZHA > Twb 2 EbdH o7z
(E2b,c)o

B L D b IERMAHRE A SN, FIRZ 8 B ¢ TR ZE Buv
72k ) HIRREICE AN TV 2, BEIEEA ISR SICEP N TV
(B2a,b) 725, FRIZIEENHOLESDFE N EOEBOTI L) O CE
P, EOLMERO TR L ViR EIPN TV 2O, ERMD S
P T2AN KRB E o TWBE I ERDH -7 (M2, R324), 5
WL 7R EOR EITIE, WY - MRS R EE R, RS
LM REED SN TR o7z, EEHRBEO L HI2EATH L ED
ENLIEoTHELBEXR ZTI0 L > T, BEEINIREICR T

3) WHVBMSNDLZLIZX T, REICHH LTV REMH LD L IELOM
DTREORYANELBNELN R D, €9 LI LT, Ml
NEMRATELEL BENNITR) DWEo723ETIE, BEREHI VS LV,
2 LTERENTONZIREEZEERETRI LIZT D, 20 F T RIRE
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Fig. 2 Loose roll type cradles of Deporaus unicolor.

a,b,c EHRLEE (akc HEX, b EEBX) LEXZHVIRE
(d @ c &7, RENZEINIL, #iE lem.

a, b, c: an accomplished cradle. a, c: dextral roll, b: sinistral roll, d: unrolled “c” cradle.
Arrows: oviposition holes. Bars: lcm.

W7z (B3-24),

e L 7R OfRE L, FERIHE G L B, B T, TRENTE
PR B a0 E, ERAZTOZE b H o778 (A1, B2, LIFL
E SIS Z T, BB MIE S O ERR & Bh ok T - 72 (H
3-9, 3-24), e BEHTIE, LD L) R TIEMHTICED > TV 51
L Do, BHBEAVEME L2 Eb s b o TR TIE
EHETL, FFARZPHIE T 0b % AL (R a),

FTHRATEL O I HE O CERWTHEASE S BB A s & D D IO L
TWAIREOYA (B2 b, o), FRETHEE CREORLE L D%, T
CIFBEMIIRB0EPNTORBLARE G 2O ARADINIEA T
SNDMEMIH L) ZFECRT L) ICEMETISEoTITao I3y,
DFEMFTIN LY RCEOEPESMHITONL I LIk D, LA 5T,

AHERES BT 5 &, TEOMILIZICICTEZH A ICE L &), ZoHE->TH
BEIIRES 20,
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CORDEWIZIZINE RET DR H 5 L bbb, b, THEIZIE
FEFIHIHR & B3 ) Bl - TOFREDE T T 2 DId, etk DR FEE
W, JERITER & OFEERERAAS S HICHR T 5 2 L THIK IR &2 ), %
CAZERTONAMAD Y, FEheil (Reazikiiic £ ) iko CuziEoidn
) BN TLE I PSR EEZILND,

2. FEDP
2a. PEUNMIE (K2, ©3%HH)

P, BERMEEZOBE CHEIORERENICE /- E R R TR
Fr oy b EMERSTHHIE LBk Td - 7225, BIE (2005, S¥Y <A 27 EF 3%
D. nidificus) &7 U EEIIILE BREL72) IZFEAM T SN Tz, BEIIFLOF
ERIARLE L, RAOIITIE, W2 S 1F lem N OHMET, 25
R LTIEEL T L2208 mm BEENL TV (M2d, K3-6), 21dH
LI D REIRFLOALE X, WS X D BEN - X D S HICH D, EiE
PHFENED Z E DSR2 NEbBENL 2L b dH o7 727251
FARZ B2 7RSS IS 12H D 2 L3 o7z, MRICELTWA S
EbdHotz, B, EIMLOBREIEIERD hzm X, FRWrFEaaE o 3
FAEINFLOEIZ %2 > TV 7z (B13-6, 3-11),

FIMTBAAGHISE & OFERF O CIZEEINT A 2 & T, JHTFWVERETHI5
EAEN, BRLIZEECBWUIBEORLHICRESIND 2 L2k 5,
L7285 TEOEIMEL, IMIOEDORBIZEDNT, WAEESHEEIC
FERSNEEC TR LR, BEONLH I THILLEFR %,

2b. FEUNFLECES K OBEINILN DI (=1, R22H)

1 DOOIEEZ BT L IEIIGHT GEIIL U, 105 3 T, P (= fiE
/7)) 1.5 (£ 0.56,n=24) FHTCH o7z (R EILEZBHWTHOIEZ
fERET & 72 32 61ClE, 1 EIIFLNOIIEIE, 142 T, F 1.6 (= 0.6) 1
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R1 RENOEIHLE D5

Table 1 Distribution of number of oviposition hole(s) in each cradle.

Number of oviposition hole(s)

1 2 3

Number of cradles 12 10 2

x2 LA DI D 55

Table 2 Distribution of egg number in each oviposition hole.

Egg number in each oviposition hole

1 2

Number of

oviposition holes 13 19

Thotz (K2, &ETOEIILTINEETETE2bIFTIEAR S, i
D REALE L IR IILN N A S H L 7 1 2B 03950 2.4 fH
Th -7z,

COEHI, 1 DFrOEINFLANIC 2 JHEIN SN T2 HB8I8% C Ao
720 b LIHUC BN L&A H UL, A SIL L 22D i AT H w
WZBE LD o 2R 2 L CLE Do ZOHETYH, INDFH
SN VIS A SN T I SR TREM DS E £ 5. b LAHICK
B LA R T AUE, B L2 29 IEL D B SO L) I2Hhh
OWEIZE->TC, 2% 1 EIFLICET§5 2 LOEKRITESTL S (B
i, 1968; Sakurai, 1986)o L72725> T, AHOBEHEL AL TS Z LH°
VETH 5

3. EEEWRTE) (M3 4, H55MH)
ARERE S B OBETRNIIE, DN OTERE SNz, BEISAIIET
Horz [FEOFE] 2, [EOWE] LEETED [FfLLME] L LT
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1) 1st leaf cutting * 2) 1st leaf cutting
2018Y/05M/18D  11h:21m:03s 3 * 11h:22m:45s

3) 1st leaf cutting 4) 1st leaf cutting
11:23:07 11:23:48

5) 1st oviposition (b: laying egg) 6) 1st nibble walking
11:27:42 11:29:35

7) 1st leaf rolling 8) 1st leaf rolling
11:40:37 11:41:58

3 TFTA T avF) O S AREIRRATE

Fig. 3 Cradle formation behavior of loose roll type cradles by Deporaus unicolor.

* BB IRERRATEIY, k% TR HIE, RFD NI (REJRAL)

SRR TR OMERLH no. 6 12 & % 2018 4 5 H 15 H FEBRE AN TOREEIEH no. 1.

* First line: name of the cradle formation behaviour.

Arrows: oviposition sites (oviposition holes)

Cradle formation in the laboratory by a female weevil no.6 (collected at Demachiyanagi,

Kyoto) of cradle no.1, on 15th May, 2018.

% % Second line: date and time.
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9) 3rd leaf cutting 10) 2nd oviposition (a:making oviposition hole)
2018Y/05M/18D 11h:51m:21s 11h:50m:22s

11) 2nd oviposition (b laying egg) 12) 2nd oviposition (c: closing mouse of oviposition
11:55:08 hole)
11:55:47

13) 2nd leaf rolling 14) 2nd leaf rolling 15) 2nd leaf rolling 16) resting
11:56:23 11:57:03 12:01:04 12:29:23
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17) 3rd leaf rolling 18) 3rd leaf rolling
2018Y/05M/18D 13h:02m:09s 13h:03m:57s

19) 3rd leaf rolling 20) 3rd leaf rolling
13:04:56 13:05:21

21) 3rd leaf rolling 22) 3rd leaf rolling 23) 3rd leaf rolling 24) Accomplished cradle
13:07:51 13:15:53 13:44:39 13:52:12
1Dk)H &, TH9MBEOTELTEHSKHTE 72, 2L, FEohL
WCEET2b0L LT, 1) R LlliE, 2) Fir, 3) EINEo 3 178)
T%bb, 3a) EIIILELF, 3b) I, 3c) HEINILEIIIESEISH, 2L C
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A: MI>C(1t)>O0p(1:t)>N(1:t)>C(1:t)>N(2nd) & W>
Ot>W>C(209)>N(3:) &W>0t>W>
C(8:)>W>0p(2:9)>RI(1)>{Rs*&W }>
W>O0p(3rd)>W>R1(22d)>W>R1(3rd)>Accomplished

B: MI>C(1st) >Op(1s9> R1(1:t)> N(1st)> R1(2nd)> N(20d)>
RI1(3:9)> N(3:)> Rs&W> R1(4th)> N(4th) &W> R1(5th)>

Rs&W> N(5t2)&W > R1(6t1)>Accomplished
4 IF T4 7T avF) OfE ZTLE CORETEATEIRIUET

Fig. 4 Behavioural sequence in loose roll type cradle formation by Deporaus unicolor.

HiB A T I EE MR 6 4R 1, 2018 4E5 H 15 H ¢ B MR 6 OFF
#2, 20184F5H 15H

C DM Ml EORALNE  N:WEASE  Op: @I GEINLEIT,
BURE AT, REIRILH DR € &) ot EEIMLH AT Rl EDBS
17 Rs:fkik Wi BE (AT RL, F721380D)

* 0 NAWZRIREI O 720 51k F - 72

Episode A: Cadle no. 1 of female no. 6 on 15th May, 2018; the weevil collected at
Demachiyanagi, Kyoto.

Episode B: Cadle no. 2 of female no. 6 on 15th May, 2018.

C: Cutting leaf MIl: Checking and measuring leaf N: Nibble walking Op:
Oviposition, including making an oviposition hole, laying egg(s) and closing the mouse of
the oviposition hole

Ot: Trying to make an oviposition hole, but in vain ~ Rl: Rolling leaf

Rs: Resting and/or eating ~ W: Walking without nibbling or with uncertain nibbling

*: because of an artificial vibration to the leaf, the weevil got motionless for a while.

4) WA E (RAEAT), 5) BEMF, ThHb, T, FEADAE
WM 2 WTEIE LT, 6) BEIL 7) RiIEDS®H - 72, B,
BENIEANOMTL 2479 2 & 2 2B T LT 2 BRIREZ 8. 72,
WIEIEH FVMEALZ TS 2ANE > T2 REEZIRL, Bl
DRBEEIT-720, BRICIZEZAERLZDTLIEDDH Y, ROFEFHTH 4
T A

BB X % ko TLE ) BE2HHE L CORBOMA» 2B & %5128
BLHTEZ EPHETH o720 NP EEOREIILB THELIHATNDD
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5 aFI47EF ayd) O EERE TCORMATEIORNA Sy — >
Fig. 5 A schematic pattern of the female behaviour preceding cutting, for making the
loose roll type cradle by Deporaus unicolor.

1: female weevil on the underside of the leaf, u: on the upper side, | = u: weevil moves from
underside to upper side.

—> : walking forward, LLL 5 : walking sideways, —> : cutting leaf,

HHBHTEGAETOMALRZ LZFNS, XA 4 P 73089 28
FERIEOEAL - WA I 1998) BN o lz, TD0, BILELT
VB OB OZETE & A TW B 5551203, ARG &k CHEDE:
L TR EZLHE Lz Z LT, BROEDHEERZ WV 5IR
MThH, HEEIECEEIZIE, AR EOTEENDH > T h e,
BEhE Loz,

FRATHIRD L9 RIEF TR 5720 MIC 1) FHEEMEN D - 720
Thbh, EOLICEDEE, ELTHEAELZVKIELZYHRW) L
TV L, FEORMP SIHEOEMABH L, S5ITHV) L,
O LEBBTERZREEL, L23bLVETHIUL, PP T—EDORKT
HCMEERIT, EERYVIHEDLMELPRE L7 (B5). KIZERICEE)
LTED2) #lix Lo CORMOBMORIZ, 3) EINEED 3178

62—
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TEERTTRANANTRIEEIUIBE L, HIOTEICBIT L2, 72720, W)
BT D &9 1B E TRA 610 H - 72
WEIOFMT - —FFOLER, T bbb B XIRETIE, FEEH»S A THM
GEE2 S BT OIERF (TabbBIRL) 26, KRz flio THED
Bz 0550720 BHIFTED LR O I7 12 10) & AREh 25 BMra 16 L CILRIZIE A2
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POl D FERF 10T T, BTG RIE S 2 51 & fe S eI~ & L2’
LEW &7 (B3-1, 3-2),

FWTBAA R 2> 5 EIRO TR E TOHPATIZ, FIIRERPSTEE T THE
LRI STz (TRUBE ZoRkEE ZEEBEWH 2V IZHICH
WM LIP3 B 31~3.4 0FME YV HOHIAL L), TN E D FEJREFTIL,
WRUOER I 5N TV L PERPLERMOEBA IO N T
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