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B LABEEZROASDORBEXAH L, ToBEHBLE, 1) BEFCELO
BloltTE I8bb, BEMRENRO o LERT - RSO BNRE, BY
LREBEROBOOARVE, 2) RVOLE, 5L EEROOXULNRER
INTWVEE, 3) BANTERYHORTLTVWAE, 4) HERER I TV S
B Th%:, AVOLERDVTR, BANOYHOETORBLBERAEHROH
BB ol ARLTVIYRBBEHhAR =NV F 2 —7ABLAGTLE, &
hodd5b, RBOPALOZLNEBORS2VTCR, TOHEERBE L. chdO
F—s 2V, BRBLALOBE, RUTLBRROKI A XL 0MBELEMN L.

CROoORBRBVWTROIERINLBRCBVCEBI B e bDTH B, BB, 1987
FRZ RBURIIAFTER DVCOFHNRRABEL B2V, R galloisi b
DL/ IVIAEORN o Gl o G e WOBBLELOREFEARET/BL 1=,




s ABEEONE

JIVOAVERAVRTIFHOBENT, —LHEOEFBREB TV, VT
NOBBELIPEHTHL L, BE, FREWWOFLTHY LEREL - (Fig. Do £ E
Tl RELTVAEER LI LB S, R takabayashiiy R. japonicus R
U R._galloisi & 29 5 (Quercus serrata) 27 2 ¥ (0. acutissima) B EOH
AWRHRU L, R _variegatus U RERKERCEREOT 5 # v (Q._glauca)
ARKIZORBE IO (Table 1) UL, EBHUREXILE, Thd OB
HEAFT e I XERETIAVYOVTHOED ILEBRLE,

HIEELCHBVWERENRLL, ENMEEOMBErOY T LS, 182
EHAARR. AOWLETCHAEAL . BRAOBX—HLDSBRBAZHEE 0-137
BCdH o7 (Table 2), R. taksbayashii OEMNBMII4BOS B TR D L, R j
aponicus DENMBBOIEZh o, ERNBUPHHAOBRAPMBBREICIVER -
Twic (Fig. 2, Table 8), R. takabayashii & R. japonicus E3ED Ml thjs g
PORMEHAUTCONMOMBREBREHNERESMN U, BLEHHE, BROoBALE
AT THPRVRAFEI L, BECELAHRIERBEHROBEERLER
Lho HRBBAOABRIBONTLONTVE, R. galloisi BEHOEFBMLAK
EHL, HRLERCR TRROBALZEEB LU &, R variegatusREFMABAK
ERUI BELEYRABEERADI - THHABEERL, PHXT, B hRr®E
HROBALEBEL .

HRIWYOMBEH U TREELTES T, BEZHRUMRAB L HHRERD
FALBSGEHEALE, BLYRRSHEBTHEE Ko/, ZRHOYHH OTHEE
& Table 4 KT LBV THB, R japonicus 53430)‘5‘5'(?5"6550)%%&5
REBERL, SGBLRIBLo AN FTOHNBEHBRELCRO/NETH I
(Table 5, 6) %K, $BO, ENL LT EZOREHFEAK I R. takabayashii
& R._galloisi WHAR, RL2MEE BT TR (Fig. 3)o —fic, /IVY A
VHHOBBEERE S, LREHFEARO65-805350., MERCWME VS, B2 E
BUBVRERBORFLMY M Toh T, Hic, R. galloisite OBRIRE
FTh o,

%%%Qﬁﬁﬁﬁ?%%ﬁ%ﬂi%%ﬁbxCO#T%ﬁéﬁfﬁkﬁotoB;
5““Bi®ﬁ§ﬁ§6k&?¢wxmﬂééﬁﬁiiﬂiﬂﬁTLtoR.nﬂqa
tus RERYRYM P HABLRVEE S, BER, HAESRA I TLESL T3
CHETILL, MIRTRAENBZ ENBH oo R. takabayashiid#§5i% ik
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FLOETTdLYITRIBVA, AL ETRI, ANREISESN, 20%
BETLTLEILIREBDNT,

EHEE A BVETHCHAPAZREIME L. FRBEIAELABEMEY,
R. takabayashii, R. galloisiy R. japonicus OMR&FMLL &= (Fig. 4)o R. tska
bayashii & R. japonicus TRE¥PMtHHZR Aok h o, HAoBEY
BRERIVRL - TWi, R. japonicus X RHRMBO, Lird, 20 LER
RIEHIOVRZEO5RBRLE, FBOBEARERM TRV, o3 BIIEAM
B2Ub2E0BMI»LEARL, BAd  THRRBERR2LEL AN o 1,

FHAIPELLTG, LESKOMRBREBABERE, AEEL#EZRL L (Fig. 5).
CORHOBABHRRL - OT. RABRZERLTIVWE AT 527 X2 EARL
TWBsbOLEBbhb, ENRRRERAECERECT 7 AV 2BEALC WA R
variegatus 3. CORHMRIBABEAHMLTIVE, ZOBHMO7IAYRBRE
LTy, ERHRKEATH, R _variegatus RKIBS T, CYORBEIBER LD
o CAZBE¥ZLBARABFBHRRONI AL o, COBMIRHIBETS LS, R
galloisi & R. variegatus R EAKBH» 682 L, R._takabayashii B3 #0 %
FEEMEIRBERE o7, R japonicus B OFBEM R TERES ALY
THoLHXVThIFRKEL L BMIN T,
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Table 1. Species composition of Rhynchaenus weevils on Quercus trees.

Rhynchaenus species 3)

study site Treel) Date N2)
Rt Rj Rg Rv

Where Q. glauca grows
Karasuhara Qg April 6 1985 120 0 1 0 34
Qg July 8 1985 50 0 0 0 4
Qs June 8 1984 88 2 16 0 13
Qs July 8 1985 133 2 1 0 2
Tsukuhara 1 Qg April 10 1984 150 0 0 0 11
Qg April 10 1985 ? 0 0 0 75
Qg July 16 1985 98 2 0 8 9
gs July 16 1985 50 2 2 0 0
Qs April 10 1985 100 9 0 12 6
Tsukuhara S 0s July 3 1984 52 12 0 10 7
Ikedayama Qs June 11 1984 122 177 3 13 37
Where Q. glauca does not grow

Aina Qa April 28 1985 ? 28 24 2 0
Qs April 8 1985 200 89 16 4 0
Qs April 17 1985 115 24 4 5 2
Qs April 28 1985 ? 16 1 2 0
Qs July g9 1985 113 12 0 1 0
Qs July 24 1984 72 12 22 1 1
Nishi-ku Qs April 25 1985 170 17 1 3 o]
Os June 16 1985 140 28 0 2 1
Qs June 20 1985 100 27 2 0 o]
Qs Sept. 6 1985 100 11 1 o] 6]
Qs July 22 1984 74 34 1 0 0
Hirano Qs Aug. 2 1984 60 14 0 0 0
Izumidai Qs Aug. 2 1984 64 5 0 1 1
Tsukuhara 3 Qs April 18 1985 140 5 0 8 0
QOs July 17 1985 100 22 0 0 2

1) Quercus species, Qg: Q. glauca, Qa: Q. acutissima, Qs: Q. serrata.

2) Number of samples (beeting)

3) Rt: R. takabayashii, Rj: R. japonicus, Rg: R. galloisi, Rv: R. variegatus.

_12_
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[:l R.takabayashii
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30 — R.japonicus
R. galloisi
n 20
B
Qo 10 [~ ﬂ
Y 0 — T T ——
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0
E 2
=
:Z 10 r7 rj
0 - ' T | L
0 5 10 25

Days after 31 March

Fig. 1. Spring flight of Rhynchaenus weevils on to Quercus serrata from
hibernating sites.

Table 2. Fecundity of Rhynchaenus weevils in experimental conditions.

Species Number of eggs laid
Laboratory condition Caged branch in the field
Mean Range N Mean Range N
R. takabayashii 0.6 o- 7 12 44.1 13- 89 7
R. japonicus 37.5 0- 84 6 78.9 31-124 8
R. galloisi 16.8 0-100 10 64.7 30~ 97 3
R. variegatus 61.0 19-137 9 81.0 - 1

_13_



Fig. 2. Feeding tracks of Rhynchaenus miners. a and b, Quercus serrata
mined by R. galloisi; ¢ and d, Q. serrata by R. takabayashii; e and £,
Q. acutissima by R. Japonicus; g, Q. glauca by R. variegatus; upper
Egures, track made by a single miner; lower figures, tracks by several
miners.

Table 3. Parts of leaves prefered for oviposition by Rhynchaenus weevils in the field and

laboratory. b
Species Parts Longitudinal position (%) Sample size
Tip Middle Base
R. takabayashii Midrib 99.2 (50.0) 0.4 (50.0) 0.4 ( 0.0) 471 ( 8)
R. japonicus Midrib 96.8 (79.9) 3.2 (14.8) 0.0 ( 5.3) 628 (264)
R. galloisi Leaf mergin 78.6 (59.3) 13.8 (31.6) 7.6 ( 9.1) 341 (209)
R. variegatus Midrib r ( 2.1) - (35.5) - (62.3) - (515)

1) Parenthesis; data in laboratory.
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1
Table 4. Head width of Rhynchaenus larvae. )

Species First instar Second instar Third instar

Mean Range N Mean Renge N Mean Renge N

R. takabayashii 19.9 18.0-22.0 37 28.4 21.0-31.0 19 38.2 34.0-44.0 72

R. japonicus 26,9 25.0-30.0 64 39.7 33.0-44.0 32 57.4 47.2-63.0 118
R. galloisi 24.8 22.6-28.0 15 34.0 29.0-38.0 22 44.8 36.0~49.5 77

R. variegatus 26.9 25.0-29.0 38 34.1 31.0-38.0 17 42.9 38.0-50.0 66

1) 1 unit = 0,01 mm

100 -

1()0 — * . °
Rj .
50} E / L PP P A
0y T T T 1 | I I T I |
100
Rg
50 E L PP P A
045 I ] T T I I T
0 30 40 50

2

Cumulative percentage

!

60 70

Days after 1 April 1987

Fig. 3. Developmental record of Rhynchaenus weevils caged with Quercus
serrata branches in 1987. E, egg; L, larva; PP, prepupa; P, pupa; A,
adult; Rt, R. takabayashii; Rj, R. japonicus; Rg, R. galloisi.
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Leaf area (mmz) consumed by Rhynchaenus miners.

Table 5.

. 1)
Speciles Host Mean S.D. N Ratio
R. takabayashii Quercus serrata 32.3 7.3 66 1.0
R. japonicus Q. serrata 281..5 43.4 40 8.7
R. japonicus Q. acutissima 210.0 37.3 44 6.5
R. galloisi Q. serrata 37.5 8.5 64 1.1

1) Ratio to the area consumed by R. takabayashii.
100 — .Jr‘,lwer—‘cr"',O-O-"
.)J-.’ .
el 7
[/

80

> N
o o

Cumulative percentage
oo
=)

Fig. 4.
trees in 1988.

Emergence

J/ J: )
N
lf, ég 1/ i? ® 5?
° o) Q
F s 15/ 8
/czr & 1 9
;;c' L,
- : -SE

60

Days after 1 April 1988

serrata

record of Rhynchaenus weevils on Quercus

_16_



Table 6. Egg volume and fresh weight of Rhynchaenus weevils.

Species Eqg volumel) Female fresh weightz) Ratio3)
Mean S.E. N Mean S.E. N

R. takabayashii 250 8.81 36 1.28 0.02 97 1.95

R. japonicus 506 9.37 32 4.61 0.77 19 1.10

R. galloisi 275 11.66 12 1.26 0.19 53 1.56

R. variegatus 265 2.70 81 1.70 0.35 76 2.19

1) 1/6-7-(length)- (width)? x 107> mm>, Suzuki & Hara, 1975.
2) 1 unit = 0.1 mg.
3) (egg weight / female weight) x 102, assuming that the egg weight per

volume is 1.0 g.

R. takabayashii R. galloisi R. variegatus
20 40 B0 80 0 20 40 60 80 % 0 20 40 60 %

[ R N S S S S MO ] [ B B B M SR AL B B § | o e e e

April 25-30

May 18-27

July 19

Aug. 13-20

Sept 19

ST P ]

Fig. 5. Seasonal shift in vertical distribution of Rhynchaenus weevils
é_llor_lg tree strata in a deciduous oak forest in 1983. Horizontal bars
indicate four strata; <2 m, 2~4 m, 4-6 m and 6<m above the ground.
Upper bars represent upper strata. Horizontal axis; frequency (%).
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Hom  EUENAE
1. HEBTIBZET

19854E, BADPOREINI/IVI LAV EOSKHHRLAWAI STt T 2H54EE
PEBL, aXXIAFHIB, L AaAFRIOBRCITaAFHIBOFEELR
BLt (Table 7o ZHOOFEBREBNEVWVEFEI®EZ R LN FERHT
SEIFHRBRB-TEY, 4BEHO /I VY2V RENTh AL S BROFEBR
SVHBEIhTWVI, R. takabayashii >R ER 2BE OHF LM Chrysocharis
ujiyei & Entedon nomizonis MPML LU fz. E. nomizonis R & J3FEBZILMHOA
BT Abht, R. japonicus W EIK E. nomizonis i\ R. variegatus i& P
nigario spp. RV FLE IR TV, R. galloisi 5 Cirrospilus isonoi #

AL T,

Table 7. Number of parasite wasps which emerged from third instar larvae or prepupae of

Rhynchaenus miners in 1985.

Host species
Parasite species

R.takabayashii R.japonicus R.galloisi R.variegatus

Chalcoidoidea
Pteromalidae
Pteromalid sp. 31 - - 1
Eulophidae
Chrysocharis sp. 14 - 1 -
C. ujiyei Kamijo 129 3 2 -
C. kumatai (Kamijo) - 14 - ~

Entedon nomizonis Kamijo 75 213 - 1

Pnigalio spp. 19 - - 38

Pediobius saulius (Walker) 4 10 - -

Tetrasticus spp. 5 19 - -

Cirrospilus isonoi Kamijo - - 6 -

Cirrospilus sp. 1 1 - 1
Teleopterus sp. - - - 2

Ichneumoniocidea

Braconidae

Triaspis sp. 1 1 - -
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R hynchaenus galloisi OWERERBEICRETISOTCIOFEORETHIN S
N Y I NOBBBOATVE, CO&, 1988FERE. SHRBEVHHARRES
s, QUL LSHUHMONYREEM LI, BEACOYHAREBARLEE L, HiL
Lottt ED24.3%k 272 F D18, Diopspilus sp. REBFEERS P TV
7z (Table 8).

JIVYAVERERARAHMROIFEBOKEEL S FTV, 1BTHELINEDE, #
LY ERBELERROS L, 15.3-28.68 2 v anNnFREIVFEINL TV A(Tab
le 8), R. takabayashii & R. variegatus W H— D #HF4 ¥, Syrrhijus sp. K &
DVEBENTV, R _japonicus oW H O 2 < 2,XF, Microctonus sp. DI}k
Rabhto R. galloisi WHEANDO I 72 RFORERBRBCELLoN, 6AT
HPBCEMN SN R, takabayashii & R. variegatus OFHEA» S 3, F4 ¥
OESMWIRBRENIELDL, 2l Ed Syrrhijus sp. BPALL TS W
FRACEREBIN-TVWEbDEE DN S,

Table 8. Percentage parasitism of Rhyncahaenus weevils by braconid wasps.
1987 1988
Parasite Host Stage
1)
Percentage N Percentage N
Syrrhijus sp. R. takabayashii  Adult 15.3 124 22.6 62
Microctonus sp. R. japonicus Adult 0 3 28.6 14
Diospilus sp. R. galloisi Larva - 0 24.3 107
Syrrhijus sp. R. variegatus Adult 26.7 19 - 0

1) Total number of samples examined.

2. MHARIIEL

AFFOMETCTF I =YY TS TY, Crematogaster brunnea teranishii i &
53/3VYAVAORERBELE (Table 9 COTIRBIFSRBES 238
BMO/ 398y, $RTEHELE, T, KBRONS S IWHH « RO L
RTORREPEVETBRBRE-TW i, Fh, 75 Y RRBRTENALY Fu

7 ® 18, Symmorphus sp. # R. takabayashii & R. galloisi ORISE LML T
WhHhT rEmBELL,
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Table 9. Field observations of attacks by a pridatory ant, Crematogaster brunnea teranishii Santschi.

Date Species Stage attacked Note

May = 1987 R. japonicus 3rd instar larva *

May 2 1987 R. takabayashii Pupa Carry by an ant

May 5 1988 R. galloisi 3rd instar larva Carry by an ant

May 26 1988 R. japonicus New adult Attack by 3 ants inside the coccon
May 20 1990 R. japonicus 3rd instar larva Attack by 3 ants inside the mine

_20_

*: All of 16 larvae caged by insect net disappeared leaving empty mines behind.



3., FHEOWEBRRXIZRET

HEOAFE L MEMRER R, takabayashii & R. japonicus OBERREZ 3%
CrBESLTOWE, 2ho, 2BOERABEO EHEFHOR Oy cENA2
b, HEERAAE, FASLEHHoHBRBIHTHIEL. NBEEHL .
HB2NVEE LY oML, ZORDMENELZRTIOC, MELLHBEO
MIEANEL, PHRCHBO—H, S6kEB, TOHMMCECRAAMNE L=, Eh
53/ 2YVEEINNBR. HEMBLTSZETCOME. TANKEIRDED,
EHIOBRBELB B oz, X, ML ERNEROEMEARL T 258, B0
BADBVALOERNRBI o, COLIBECRERICHABER S ZVDO
O, EACHRT s BaANIHh EeE SN S, BROKRE. BiLYhoBEoaw
ABOKBOM, HZOBDORELREI-TE, COXIBERERIN S, L L,
BABWT, ZOoONWBILELERAIh s tHho, dhtkBHEUOISEDT
RTCEHRESARENTORLEI D BREM TS 5, Nielsen (1968) B 7+ kB
3 % Rhynchaenus fagi RIHFWC, ZOHMA LI LVERRAEIhIzL2HE LTS
VD, COLHIBHNBRBHERBARIZIAGRBONBVELL, B S HNRESA
FNTORDIo DR LEEIATVS, UL, COLIRHEBIENE, »EVEY
OBRBULABRLEINZIENSZ W, 22T, 1990EF, 3KXD2F320BR LT
ERRODSELHBHBERBENL, COXI>NER, EBRHMRESATITY S
AEShERELL, ERNEZLRMRE, HOBEBAZTNTRVED S & i,
TOYURB1EUTCHo e, ey ZOEINBHRIERBBRFXOREOHRATE
THEONBZIENEL, ENBBHOFREEM OB VWETHILONIILUETD -
e COBRR PHOBEHEOEBR rADST, IR ARZ2boTVWIEDS
{i&y R._takabayashii % R. japonicus D&% 6 h OBl k» THRELAZNT
WEETHILBET 2HRARLEX 3,

P ERBRESE BROHHOBEOR LA BVER, HHCHELRR S
(Table 10)o ChEDETR, WAELIAZNE OO, BILYUNBET S ZTO
MEECHAB ondOLEBL, ZORCELHEFE LE, BEINALFETEE 5-9
BAEEADKE LVERNS - LSOO, —BRBVELT L. BB EESAL
COZ2EBO/ IV avREoT, BENORLRBEERRCERL B oTVB L
ERRBEI N,
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Table 10. Comparisons of leaf area, mortality rate before mining stages and density of Rhynchaenus miners between

two Quercus species.

Tree code No.of leaves Mean leaf No. of leaves xonnmwwwww ) Number of mines per 1000 leaves
sampled area (mm?) having a hole before
on midrib (%) mining
stages (%) R. takabayashii  R. japonicus R. galloisi

Quercus serrata

_22_

TK1 5571 1434 1.89 71.9 7.36 0 31.77
TK2 30753 1338 1.86 88.3 2.89 1.14 7.35
TK3 21255 1222 1.64 86.6 2.26 0.28 3.15
TK4 9109 1146 3.46 72.9 10.87 1.98 0.33
TK5 17890 1379 1.45 61.3 8.11 1.29 2.86
TK6 7795 1391 5.17 78.9 6.29 7.80 1.80
KM1 14649 1563 9.58 97.8 1.98 0.14 0.27
AN1 40989 984 3.94 83.8 7.39 0.22 2.03
171 20860 1394 2.03 89.6 2.21 0.19 0.72
NG1 14270 1513 i.44 71.9 4.91 0.70 1.6l
NG2 12213 1089 1.44 70.1 5.57 0.57 2.70
NG3 1792 2219 0.45 66.7 2.23 o] 0
NG4 2105 1616 0.62 54.2 5.23 0 4.75
NG5 2571 1450 2.41 60.2 2,33 13.61 1.56
NG6 2348 1587 1.92 43.7 0 24.74 0
NG7 5073 - 1.26 57.7 4,93 4.34 0
Mean - 1421 2.54 72.2 4.66 3.56 3.81

Quercus acutissima

TK7 4447 1935 16.82 63.7 2.02 94,90 17.99
NG8 7009 3153 6.04 38.0 0 104.44 0
NG9 910 2720 0.88 26.7 o} 24.18 30.77
NG10 967 4960 0.21 5.0 0 39.30 0
NG11 769 3968 2.47 31.1 0 54.62 0
NG12 5019 4531 4.32 57.3 o] 32.68 0
NG13 5381 - 1.34 68.6 0.93 6.13 o]
Mean - 3544 4.58 41.5 0.42 50.89 6.97

1) See text in detail.



WM @ ENEOERAE

1. RERRCBIIENEOER

BACLIIBAOBERIERITMHEL (Table 10)y 1988 HBACEMEI L0
F 5 IE 209248 FEE 7 X FHE 26163 OS5 b, HA 2024 B 1571 ErebswT/
IVIAYOBANRSOLNERTERY, Tho0db, ABe RABOHMAEE2ED
TH BALOXENRLENEOR, 27 5T T8 72¥T 31 BCHo I, Fishe
r OEBEERER. ChoOBALYN, BeHEH e RBEOWThOoEM LR L L
iBATd, HEORBAORER P DPDLDETHIUCHEALTWAZ E2HS AL
(Table 11)o RITLIIZOMED S B BULSHORB|EHRMEH SO, 2
F7eTK2 &7 X «TKT HiF5 R. japonicus & R. galloisi O T
O2HRFTELh oI,

1990fE I i3 MBI 2B R, takabayashii & R. japonicus OBE 2 AL
MERD ChoOBRIVESFNYSNLBOXEONI—V 2RHLE, BO%
ERBATERINL NI ITCHEI - Boh B RREBEOBALFAR
TdH o7z (Table 12),

INoOFFIE R takabayashiiv R. japonicus K U* R. galloisi @ RER S IX.
MEOMHBERESFTENTOEINEI DR EDPDYEL, Ty Y ARKENESL R
RLTwB L 2RET 3,

2. NMEBARBYIENEORR

SBED/IVIAY, BREDVT, HLBAOS V¥ ARHAOHAK LR
U7z R. takabayashii & R. galloisi OEX OV BABORERRT YV v 54id 5
FHINIHMME LS —H LW (Table 13)e LA L. EXNDBAKM2E
DEESZAEOHFARBIR DS, ¥2 REBREACE R oy R japoni
cus ORFVMBRCBAMONAHRIF 5L 7 ¥ ETRE - TV (Table 13),
7kb5\d%?t?ﬁﬁ?yvﬁﬁ«oﬁﬂﬁgé#&éﬂk@kﬂb\93#1
?ﬁ\£7vvﬁﬁ#6¥ﬁ$n6®&Déwﬁmﬁﬁﬁbbﬁénf\Coﬁim
%va.%kmmﬁaﬁ&nrmaﬁéﬁvmﬁéﬁw%ﬂctorm5za%%
BIhi,

—h HEHLONRCBAONHRIED J ¢ VIAYyDOVTFREBVWTHRT
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VYRHLBEBRREBEDOTH o (Table 14) HBONBEUCEA LI OYE
BRA7Y v RHr o HFENI0LVbZBFEELTHY, MPBARYEK LR
BOVTRERNPHLTCVB I ERRBI NN, T, Morishita (1959) O R
MELBEFTE. BRO/IVIAVORBAKABRLEEBOVTCOERSHLTVWEE
E&R LU (Table 15),

3. HXEELTOAEH

198BLER B NBo EMBUERT LY, KB EL - A HMOBMBEL HLEFERERE
bhl, COHYVINVEZRAVWCHBERLEMBEI» S LEBHOBE Y4 L HBL
ety 180HM, IRCRBVWE, AEOMRABRERSVRINE o 21z (Tabl
e 16)o

COEDARD, BBT2EIRY, X RHIACORERELEHLE, B
Blo3-0Mas4E, $%bb R. takabayashii & R. japonicus., R. takabaya
shii & R. galloisiy R. japonicus & R. galloisi MILFE L A, KU R, tak
abayashii & R. jsponicus €&\ BX SBEHORBMNLFE L LF4E. R._galloisi
CTROBERLEFLLBARIYRIFERCEF L, ks 2B Li, 24
UREFLLEBARREBALAOMAREZ oo, O cHBHUETHRERILY
o, UL, 2EBBREFLAEBARE,. WHEBATESOELER AN TE
B33 e88hat

19884, HBO(FEELIO4FDO7 A ¥E2HPR LT, HTFEORBLELDEH
PFIOHGEERN LI, MW, COBRBLNLXERRVWTND R. japonicus DY
HP2EEBRLTVIDOTHofte MHSMRAEOVWTRORR BV T S HH
THELTVWIRAL, G LEFELCOVIEAT. FLEORBZ VA BVIRS
ohitohfe (Table 17),
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Table 11. Fisher's exact probability test for random association of three Rhynchaenus miners on leaves,

shoots or branches for all possible species pairs.

Leaves Shoots Branches
Tree code
Rt x wuwv Rt x Rg Rj x Rg Rt x Rj Rt x Rg Rj x Rg Rt x Rj Rt x Rg Rj X Rg
Quercus serrata
TK1 - .903 - - .100 - - 1.000 -
TK2 .903 .521 .774 .673 .078 .036 .673 .813 .500
TK3 .987 .859 .981 .942 .527 .923 .124 .546 .149
TK4 .821 .968 . 994 .528 .899 .981 .319 .716 .479
TKS .829 .660 .936 .959 .478 . 749 .450 .850 .145
TK6 .688 .915 .899 .224 .695 .932 1.000 1.000 .867
KM1 .996 .992 .999 - - - .521 .207 .632
AN1 .935 .540 .982 .667 .501 .895 1,000 1.000 .870
121 .991 .968 .997 . 966 .885 .989 .436 .377 .379
NGl .952 .893 .984 .905 .752 .960 .367 .919 .979
NG2 .962 .836 .982 .838 .960 .921 .632 .957 .237
NG4 - .974 - - - - - .999 -
NG5 .921 .991 . 947 .725 .961 .807 .999 .999 .999
NG7 .987 - - - - - .999 - -
Quercus acutissima
TK7 .783 .860 .023 - - - - .600 1.000
NG8 - - .499 - - - - - .999
NG13 . 967 - - - - - .251 - -
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Table 12. Association pattern of eggs laid by caged females of Rhynchaenus

takabayashii and R. japonicus on leaves and shoots.

Branch Number of leaves Number of shoots
code
1) 2)
++ + - -+ - P ++ +~ -+ - P

A 1 2 29 136 .917 1 1 15 22 .838
B 0 5 17 173 .638 0 4 11 40 .398
o 1 17 19 143 .377 5 9 8 25 .876
D 3 15 35 140 .510 4 9 14 31 .632
E 1 16 43 195 .172 7 8 20 29 .759

1) Paired symbol represents presence (+) or absence (=) of R.

takabayashii (first symbol) and R. japonicus (second symbol) .

2) Fisher's exact probability.
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Table 13. Intraspecific association patterns of Rhynchaenus miners on single leaves,

Species mﬂwmmmv No. of Density Class Ancammﬁ of miners per leaf) xwﬁmmﬁwv
trees of miner
0 1 2s
Quercus serrata
R. takabayashii mine 15 0.005 208209 (208210.6) 1033 (1029.9) 1 ( 2.5 X
R. takabayashii momx 5 0.065 933 ( 933.0) 61 ( 60.9) 2 ( 2.0) X
R. japonicus mine 13 0.001 199487 (199487.2) 288 ( 287.6) 0 ( 0.2) X
R. japonicus m@@* 5 1.162 846 847.3) 139 ( 137.0) 11 ( 11.7) 0.09
R. galloisi mine 13 0.004 199326 (199321.3) 698 ( 705.5) 6 ( 3.2) X
Q. acutissima
R. takabayashii mine 3 0.003 11457 ( 11456.0) 31 ( 32.9) 1 ( 0.1) X
R. japonicus mine 8 0.056 24723 ( 25181.9) 1418 (1408.1) 22 (427.0) 392.5%%
R. japonicus egg 1 0.448 522 ( 563.9) 326 ( 252.9) 35 ( 66.2) 39.0%*%*
R. galloisi mine 2 0.020 5255 ( 5250.1) 96 ( 105.8) 6 ( 1.1) X

1) Parenthesis; expected values from Poisson disribution.
2) #: egg density was artificially increased by caged females.

3) x: minimum expected cell frequency was too small to meet xm test requirements, **: p< 0,01,
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Table 14. Intraspecific association patterns of Rhynchaenus miners on single shoots.

Species mﬂm@mmv No. of Density Class (number of miners per shoot) x2 nmmnuv
trees of miner
0 1 2 3=
Quercus serrata
R. takabayashii mine 13 0.023 41306 (41296.8) 920 ( 936.5) 18 (10.7) 0 5.3%
R. takabayashii mom# 5 0.250 212 ( 202.5) 35 ( 50.6) 13 ( 6.9) 0 10.7%*
mh.ummozwo:m mine 11 0.006 40406 (40392.8) 234 ( 259.3) 13 ( 0.8) 0 X
R. japonicus m@@¢ 5 0.619 172 ( 140.0) 48 ( 86.7) 21 (26.8) 18 ( 6.5) 53.9%*
R. galloisi mine 12 0.017 41158 (41118.9) 623 ( 694.2) 38 ( 5.9) 0 182 ,3%*
Q. acutissima
R. japonicus mine 5 0.333 1657 ( 1510.7) 282 ( 502.6) 107 (83.6) 61 (10.1) 374.1%%*

1) Parenthesis; expected values from Poisson disribution.
2) #: egg density was artificially increased by caged females.

3) x: minimum expected cell frequency was too small to meet x2 test requirements, *: p< 0.05, **: p<O0.01.
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Table 15.

Intraspecific association patterns of Rhynchaenus miners on single branches.

Tree No. of R. takabayashii R. Jjaponicus R. galloisi
code branch
1) 2
Ig F~value Ig FP-value Ig F-value

Quercus serrata

TK1 10 1.85 4.79%* - - 1.59 12.48%*

TK2 32 1.28 1.80%* 3.23 3.44%* 1.36 3.58%*

TK3 33 1.76 2.11%* 2.20 1.19 1.79 2.63%*

TK4 20 1.32 2.65%* 4.44 4,08%% 10.00 2.42%*

TKS 20 1.72 6.,44%* 2.69 2.96*%* 1.37 1.96%*

TK6 10 1.26 2.38% 1.33 3.15%¢ 1.65 1.94*

KM1 20 1.23 1.34 - - - -

AN1 23 1.25 3.33** 2.19 1.33 1.63 2.97**

I21 30 0.92 0.88 5.00 1.41 3.97 2.64*%*

NGl 23 2.35 3.94%* 3.29 1.62%* 9.73 9.73%*

NG2 20 1.35 2.24%% 14.29 5.20%* 3.56 5.31*%x
Quercus actissima

TK7 10 3.06 2.83%* 1.26 13,10** 1.81 8.19%*

NG8 20 - - 1.57 18.97%* -

NG12 31 - - 1.66 4.56%* - -

NG13 20 6.00 2.05%*% 1.77 2.14%* - -
Castanea crenata

I1z2 11 1.46 5.91** - - 2.83 8.67%*

1) Morishita, 1959.

2) *: p<0.05, **: p<0.0l.

Table 16. Comparison of head widths between Rhynchaenus weevils which fed on leaves

mined by a single larva or several larvae.

Species Sex Leaf Single~mined leaves Multi-mined leaves 2)
age z-value
class 1)
Mean S.D. N Mean S.D. N
Quercus serrata
R. takabayashii female 40-50 44.78 2.23 27 44.67 1.16 3 0.56
R. japonicus male < 40 61.12 2.11 33 60.50 3.32 4 0.12
Q. acutissima
R. japonicus male < 40 59.88 1.25 12 58.33 1.51 6 0.66
R. japonicus male 40-50 59.10 2.12 21 59.58 1.19 13 0.65
R. japonicus female < 40 64.00 1.00 7 63.00 1.90 6 1.13
R. japonicus female 40-50 63.93 2.60 15 63.85 2.88 17 0.06
R. japonicus female 50 & 58.417 5.39 6 58.67 2.08 3 0.65

1} 1 unit = 0.01 mm

2) Difference is insignificant
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Table 17. Effect of intraspecific association of Rhynchaenus japonicus on parasitism. )

Tree Single-mined leaves Multi-mined leaves Fisher's
code exact
probability
Survival Parasitism Survival Parasitism

M 213 (212) 76 (76) 8 (8) 4 (3) 0.81

Y 119 (119) 28 (27) 4 (3) 0 (0) 0.44

59 165 (165) 107 (106) 4 (3) 2 (2) 0.56

L 149 (150) 64 (62) 4 (2) 0 (1) 0.24

1) Parenthesis; expected values from random parasitism.
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FAHM HEHEHPOERR
1. Bz FIEY

JIVYAVEOREREROBEO 7 rREY ECRRE I oK (Table 18), &
RPN T ARFER/ IVILAVYORBBRIVEL o TV, R. takabayashii
OMBEWR 2+ 5 LT, R _japonicus OMER 7 ¥ LCHEENE » - f2(Table 10),
—J+ R. variegatus OBENRChOOEBEHR LTRAINBZILBTIHT, 4
MrEsHEBORT 2.3 ARRINTICT F¥I2w, R, takabayashii& R. variegat
us HBE—OFEMPEH L T BVBFHEERRLLZOKEHWL T, R._japonicus &7
SEOMMR 2F I LD, ABVOPROBERRBR I,

DI NEEEIHPLCOBEORVIBLARHUORENNY -V ERBLIEDO
THole SHHAPLBEHEOMIc 37 5L 7 XX LCAREHORERLBIN -
fro 1BTHERRABULEITRAD 2+ 5 L o6, R, takabayashii & R. japonicus #
Bi, SEEL4ERBEISN T, 18BERHABLALSEFO T I LHLEBEA. 18
Bke 2@k, 3RO 2X LR 2EKLVEENERER I, —F R
variegatus BRI F 7R 7 X ¥ EAMKT 2 L BOBL, ZORBLAZHERE®
EEARBOT 7 Ay WKL (Table 1),

Table 18. Host range of Rhynchaenus miners.
Tree species R.takabayashii R.japonicus R.galloisi R.variegatus
Deciduous
Quercus serrata +++ ++ ++ +
Q. acutissima + +++ ++ -
Q. dentata - * - -
Castanea crenata + - + -
Evergreen
Quercus glauca + + - +++
Q. salicina * - - -
Castanopsis cuspidata - - - *
+++: abundant, ++: common, +: rare, —: unknown

*: Cited from Morimoto, 1984.
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2. BEMNFIHEY

JIVIAVERIEEOFEHMEN LUTEIFERD o TR MK, Table 18 KR
L2 ToED» o BhOPIL2HEL iz, %Ki, R._takabayashii & R. variegat
us R2OVWTE, BA BRRELAZAHEShI T, oBWIZ 2¥ET T EH
F2ZBIRVABNCENSE, CORBBALIHRBERTLEE T I L 28H
Lkeo THODOWMBR /7 IVYAVEN BEARI 7 IHOMB LA AT
BLERTBLTVS, BHE, THECRIIAFBARIVTS, BRIFAESHE
VHBAORBERR O N, @ARSOY 27 X ¢ Tk7 I3 R._ takabayashii it &Y
FMEEhTWwiz (Table 10), ¥ 7=, 1988£EICiX R. japonicus M7 F AV L BEL
TVWBDEZHELL (Table 21) CO2HLDPAEBEBIMHAINTORVHETH Y
BRE, BREShIEBEORBERERLE» - T,

3. Ru3HXEY L COERE

1987T4EH & 19834E R 2 T\ BH BATHASIhCwAFEHEYEAMAIhB L
oD VWHEHY ET R, japonicus DEFRZHEBE L (Table 19), 23 3¢ 272 ¥
THT T R. japonicus RO BHWBLREFEHABRCRIEHNCFRERBLZRS&5N0 X
Dol 72¥TCETCLHYHAOERRHBERZIARCEDLTOEY, ThEFAHEDO
EOBEISOBVRIVBHTE I BANEY, ThOEDF—2R, CO2200%F
HBpowTFhdh, R. japonicus YHOLEFR L - CTRRENEFAELHBETD
B ERRBLTVS, Z3H BEY A ARWHDHMTCELLEL-THY (Tabl
e 10), BEWABRLEOIBRAATCEIRAFREIFLIRLE TV, ®BETH X
5%y R._japonicus IFMEBERO/NMBECEHLTEY (Fig. 9), EEHEOEB WV
RAEBHRBEEREKED D> TVWELEXLN S, Figure 6 RMHFTLHEPOEER
REHNREOIIREMLTVELE2RLE, CORRBITFINOBER Y ¥R
BELLEARKAR, E2R8VO(LTILEISRVWERER2HE>TVWB I ERRBL
TV3, My CORBHIRIY IWFLIMPOFRIBHMRBIAELRBVWIRIOGNR
ol

R hynchaenus japonicus ® 23 3¢ 73X L COLEBFRERFLLVEVWRSOINL
ol TORCERE2oOFIHY LTRL - Tz (Table 20), T b b,
HFEBRIIRCR 7 2¥ Ll FROHL A TR BEVWECERHR =25 LCH
{NBoTW, %y 2535 LD R, _japonicus & FU LI FSRPEL TV S
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R. takabayashii RENREVWATELZRE L (Table 20), ThH, RUFXHEY %
FIAT WA S R, japonicus BRFAMRIZETCERNTVRAETH S5, FLEBR
IAXTCOABAR2BHOBR LV 2RI IR T, Chrysocharis ujivei &
R. takabayashii %*. Entedon nomizonis BRFXOFMELTLWHHYOEBE hdd
Y 73<{ R. japonicus ZHEL TV,

19884E & B4R\ R. _japonicus OREEREORWV IFOT7 I hvy2RELL,
PEEHOES A X7 2 ¥ oPLLES D (Table 19) WHAR, N7V FRKZ
{B-THBY, POEHABPARTEDY LTVE (LHELEREE ! ¥, 0.5610.
O4mm, N=86; M, 0.60+0.05mm, N=84; Cochran-Cox ORMETHTND P<0.001),
Tf, TI3AVECRFERIIRLCRIERRLLL, RboT HEPEOE LK
FBLEDLDNBETHRERL TV (Table 21D, T ok, FLEBOBBDIIF IR
IR LTCHREINLOLRRNL - TH Y, Entedon nomizonis R 3HFAEN2H L
hdoNBIhoDORH Ly Chrysocharis ujiviei R&2FLBITAS LT,

4. HEAORRHT 3ERHE

JIVYAVHHRBERDOIFTFIORTRIL - T (Table 22), R. tskabayashii
ORBBERYOARAPLLRESh M, R. japonicus & R. galloisi OBEMRRER &
NAIRBBOIh TR, COLIBB[RORRESZ/IVYAVYHOBVWRERHK
BHBEHNEELR DO TH - 1

19884E, R. japonicus DR BEEBOF LAEVZAORABERYLC @Bt %2 ®
TRV, ABNRERNIELSE TOLINIFARD, BLEACOHHBRBERARE -
el lid, THODANYHOEFTR Lo TRRBoRBOTRBVWI L ERRT 3.

19894E 1 i3 BI4EWR R.  japonicus OVEORohRB o tHERY L, BEOR
GRNERBARI BV, BEOH LOBREIAZNR TV INMORELRZBIN -
Too I &N/ R. _takabayashii & R. japonicus DI, WAKY T 20850 &
1088, WAKR] TRISHBHLUINTHo ke THRELAORD/ IV IYLAVHOERY
Ny, ENROYHOETENAI—VvOBVWELIVI LI LDIDOTREL, BHAZ
NEBBOBVEOLORRMULAEDOTHE LERBRLTVS, LAL, RAEK
JCEI Sz R japonicus OMBRWEZICRBMBINBERIHERFLLS
{ (Table 22), BROET, »5VRBILYHOBEANDORVASZORBK L BT H
HECBI-TWBZ LE2RET 5,
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Table 19. Consumed leaf area, developmental time and adult head widths of Rhynchaenus miners

. 1
when reared on two Quercus species. )

R. takabayashii R. japonicus
Q. serrata Q. serrata Q. acutissima t-test
Consumed leaf area (mm?) 32.3+0.9 (66) 281.5+6.86 (40) 210.0+5.63 (44) p<0.01
Developmental time (days)
1988 24.8+1.7 ( 97) 30.8+ 1.6 (153) 31.3+ 1.5 (144) N.S.
1989 29.8+1.1 (136) 37.3+ 1.5 (153) - -
Adult head width (x 0.01 rmm)
Male 43.'411-0.14 (83) 59.88+0.17 (160) 59.87+0.12 (213) N.S.
Female 46.20+0.16 (74) 64.86+0.23 (184) 64.67+0.17 (239) N.S.

1) Mean + S.E. and {sample size).

4000 |-
& — Q. acutissima
E 3000
(s}
Q
-
< 2000
W
P -
= wa"«
1000
serrata
Rj=281M
Rt= 32M

Days after 1 April 1988

Fig. 6. Seasonal changes in mean leaf area on three Quercus acutissima
and four Q. serrata trees. Upper and lower triangles on Y axis
represent mean area occupied by miners of Rhynchaenus japonicus and R.
takabayashii, respectively.
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Table 20. Success in emergence and causes of mortality of Rhynchaenus miners when reared

on two Quercus species.

Year Number Successful Parasitism (%) Death of
of emergence other
mines (%) causes (%)

Overall (C. ujiyei E. nomizonis)

R. takabayashii on Q. serrata

1987 1432 21.9 38.0 (  29.7 1.0 ) 40.1

1988 887 24.4 54.3 (  43.7 1.8 ) 21.3
R. japonicus on Q. serrata

1987 398 46.2 10.8 { 1.5 2.5 ) 43.0

1988 549 65.9 9.8 ( 0.7 8.9 ) 24.2

R. japonicus on Q. acutissima

1987 396 61.6 19.2 ( 1.5 15.7 ) 19.2

1988 951 65.7 26.2 ( 0.9 20.9 ) 8.2

Table 21. Success in emergence and mortality of Rhynchaenus

japonicus on a Quercus glauce tree in 1988.

Fate N (%)
Successful emergence 180 (23.4)
Death from leaf toughness 273 (35.5)
Death from predation 291 (37.9)
Death from parasitism 24 ( 3.1)
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Table

22.

Species composition of Rhynchaenus miners on individual

trees of Quercus serrata.

Tree code Year R. takabayashii R. japonicus R. galloisi
AN1 1985 303 (76.7%) 9 (2.3%) 83 (21.0%)
1986 143 (83.6%) 7 (4.1%) 21 (12.3%)
1z2 1985 46 (70.8%) 4 (6.2%) 15 (23.1%)
1986 26 (89.7%) 0 3 (10.3%)
TK6 1985 49 (40.2%) 59 (48.4) 14 (11.5%)
1986 69 (52.3%) 59 (44.7) 4 ( 3.0%)
NGC 1987 194 (64.0%) 0 109 (36.0%)
1988 106 (46.7%) 4 (1.8%) 117 (51.5%)
NGJ 1987 168 (54.9%) 96 (31.4%) 42 (13.7%)
1988 153 (55.6%) 102 (37.1%) 20 ( 7.3%)
1989* 133 (17.8%) 614 (82.2%) -
NG58 1987 52 (54.7%) 43 (45.3%) 0
1988 153 (55.6%) 102 (37.1%) 20 ( 7.3%)
NGY 1988 124 (93.9%) 1 ( 0.8%) 7 ( 5.3%)
1989% 208 (95.4%) 10 ( 4.6%) -

*

Data for eggs
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] LHEOBELENO YA IV T

1. ESNy—v

Rhynchaenus takabayashii & R. japonicus OES NI —V 22200 FHFER LY
HEL I,

19884F, WIERKBERAEOR P o L4 KO FF PN —VvERHBE L Rt
akabayashii i3 R. japonicus &V BEWVWEMERHAML L, TOE, BATCHELLS
HEHERH (Table 19 ) H-3 &, R. takabayashii OEMEZ, WME I h LA
DO25HHI. R. japonicus OESNEBBIHAKEC DO LEELT, HEOEN
ny—vEHEULUN (Fig. 7). R._takabayashii &, FWEXEZRL LN 2EMKE
DEBLTWS LfEEENT, R._japonicus & Th IO d¥ 1EMELCTENR
) TWwReR, EINOHMIE R. takebayashii LD BHEH L KR WEELIEOD
HMEEN HERO 30-40% RETIHEKERNEZRATVEIbOLEESNT,

19894, 83X ® I 5T R. takabayashii & R. japonicus DEESHIEAREI L,
$hRoOWEA~NY -V E2RHELE, BEORAETENEORF LA LR, &5
LebEcEahol, CO% BRXORBTCRMEIhENERE, T0% %,
AMOFABEHPBREETI W EBOREEBI B CE o, £ Ty R _tak
abayashii & R. japonicus ORI, &&\ BEIhAWILOBHE 7THAIRAZ
ohbDERELT (Fig., 3) BOBRRREHEIBRNY -V E2HEL 2, TR,
FHBOEHEANY—VEEBVWRS ENT (Kolmogorov-Smirnov OKRE, HEAKES KU
J &b P<0.0D), FREERLLN2HAMRE > TENZ2RITVWAIIENEBEH
7 (Fig. 8)o

2ODERNBFECHEEINEND Y — %, R._takabayashii T & —K
LTWwiobt, R, japonicus CRFLIBR - T, FLtiiroMBEn o R._§
aponicus DB —VIBLUBRISHEEIN L DORKEAR, ESNOMBEMH
BhTby, ERNPYRALEML TR (Fig. 7, 8)o ZOFF. R._jsponicus @
RAOH BRI EAGETHERECKEC > TWILRET I LRIV EHT
E5HhbHNNV, TOIOIRECHHLLTCEOEWS LR EIBELREILN
Tto
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2. EREORXIILEREOE

IFSRPBELTCVS R, japonicus DR EEFR5ET T 52K R. takabay
ashii O8.TMEOETHLBEA L (Table 19), COBATMBRE MU TIEELER
H-EEOHBRARC LOHEREL oo R._takabayashii Ti311.5mm\ R. japonicus <
1$32.9mC » » 72,

198 FOHATEMSh L ERNREEORMELN/ % Fig. 8 K/RYF. R. japonicus
BHRMRE RBOREAMBEEZERT I 0D ST, R takabayashii &M—¥ 4
AOBERERLTV, B b, BLALOBEFEROVWTHS BV ES N
B, TOBKERT-13mO 7 IARAONTE, LAL, OB I ARE
WHEIMLTEY, TONRITYVFIAEALoNe CHRBEOHRRHES MIEOH
Retd3b0LtBbh s,

CHhoDEBE, EOoRVDO L UM, R._japonicus D& T, ULab, ESOF A
IVIRBFLTCEZVBIRTCEEATHS L 2RARRBT 3,

3. EBWoY1IvZLHEE

R hynchaenus takabayashii K& 49 % Chrysocharis ujiyeiv ®RU R. japoni
cus KA T 5 Entedon monizonis OFLMHIRIZ. BRXOFEONLLANI—-V L &
SHISUTwi (Fig. 10)e THE, Cho2BOFEEN, /IVILAYONNE
TEN AR HBELYHNOFLEEBIB TCVBEI LEZEKLTBY, /3 VY
VAVEOBENOSI A IVIORERFEEHRBELCVWIAEERBEAERV L
Bbh s,

4. EBHOYAIVvIREFLTRBIBIRC L4694 XOHED

19894F, R. takabayashii & R. japonicus 2 HW/AMBUERBREBI LW, HE
HOBLBROBHWEARCHB LT, YHOEEELPPILEROBI 4 XREDLS
RELTI»28HL K.

BHRAR LY, KBFHOKBIPOBGWEIN TV R b bS5 F, R takabayashi
i & R. japonicus OBERI I F 5 LT, &R, 3BULEI%UOETEBR LTV
(Table 23) MWWLHIRE AT, BZ o BRORZBLWELHBHOEANDEVA
HOLBMRIBFEEIR, 2T D23.3% ¢30.6% 2HHE S AR VEERETCERT
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Holeo CORTCRENDOI A IV S IEHEREEL TV (Table 24), 52
OERBEXDS>5, HHOEAKX, I43dbb, FNERMIBVWERCENILLFS
& BT UARRERSELEAR, HEARVWECERA S (Table 23
o THRBENKROESREKFLCECS220BAR IV EEIEh TV (Tad
le 24) — DO REOAVOI LK IZELT, HGRHERERNLLBARER L, it
D—2 EHYHROBAATORELT, hid,. EQoEARERERLLBER
B ohi,

BEQOBEARBERERLEFEARD, —BOPYHBBEREEXELLSE ZOHEN
y—vi3, BEAONEBOLERNB - TV, R._japonicus XiEE, EHBH
ROBEHEZEET SN, COLIBEETR, ERHEPL2RREB-FERLE
OBLEERLI, BORKRRTHD 2RIOREPEOEMLNREELRILOEE 2
BFcvws&5kBdbhs,

ANEENOLEX BRI, FBU2EEL T ENLEI - T,

RO LOEI LB EELEAHVWT, BROSYA IV VPR ROES A4 X
OHEGEERM LI, ERNOIA IV IRFREAHPOEBRBIRE ST, Y1 XD
FYVFERBREILBY, PHEDARKEDOLTW oz (Table 26),

19885, 7RO F 5HhoPMLAHAZEHYPLHOH EBRPALLE I V- T
RAT, (34 X2HBLE, BADLOEN LYY INTR 20004 2%, B
SPIUELE TN —TELBIPE LEIN—TOMEERRBRERS ORI D o 12 (Tabl
e 26)

HHPOBRBOEVWERM LT, ENEOR VWO L, R. takabayashii & ¥
d R. japonicus THEICEZ - = (Table 23), R. japonicus TRW- L&
CoNRBOENER L Z2OMHEXZIR16.610.56mTdHh -k, REOEPCHRHK
HLHHARR BTLIYPHORT R B LbF TR, R. japonicusit
EH5BVOLOBI - IIBEDS bMUBETHEBOPASE SNn (Fig. 11)s &
SEHZEARBEROBEAT KON 20% (60m?) OEER LI DR VELS D
BROPIERBEREH I, CHOOPMERAOE A AR YHYhYOoBREBREFEL T
R RBEDOLTWA (Fig. 12)e LA L, #ohoR TR, Y@ hicEHR
BZEBLTVEE3 02D d, BREOANXIORROPLENA L T,

BV 2 LOBC > REREYE, HPhRETULLARECRAI R, DR HHH
BAZEBVEY, BHLTCVW3EAbs60T, COERTR, BV LEZHRR
ENBLCREPL, $HHB, 20%, EACHEHNCFHE IS, BE S OLHHR
BACHROVCOHEHACKECE A ESHRBELMTREY,
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Fig. 7. Phenology of Rhynchaenus weevils showing oviposition and
emergence in relation to leaf growth of four Quercus serrata trees in
1988. Solid line, R. takabayashii; Dotted line, R. Jjaponicus; Rt,
number of R. takabayashii emerged; Rj, the number of R. japonicus.
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Fig. 8. Phenology of Rhynchaenus weevils showing oviposition and egg
hatch in relation to leaf growth of three Quercus serrata trees in
1989. Solid line, R. takabayashii; Dotted line, R. japonicus; Rt,
number of R. takabayashii hatched; Rj, the number of R. japonicus.
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Fig. 9. Frequency distribution of leaf length of Quercus serrata
oviposited by Rhynchaenus takabayashii and R. japonicus in 1989. Open
bars, leaves in early half of breeding season; Shaded bars, leaves in
the latter half.
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Table 23. Change in mortality causes of Rhynchaenus miners in relation to age of leaves oviposited.

Causes of mortality (%) Number of
Leaf age No. of eggs Success in leaves
(relative observed emergence (%) whose most
leaf Death Mining successful area were
length) before consumed
mining by
stages Starvation larval death Others larvae (%)

within mine -

R. takabayashii on Quercus serrata

0 - 10 54 64.8 27.8 7.4 0 0 14.8
10 - 20 28 85.7 10.7 3.6 o 0 16.7
20 - 30 56 87.5 32.1 1.8 0 0 8.9
30 - 40 70 58.4 22.9 0 12.9 5.4 0
40 - 60 3 33.3 "] 0 66.7 0 4]
Overall 223 67,3 23.3 2.7 4.9 1.8 7.6
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R. japonicus on Quercus serrata

0 - 10 54 18.5 24,1 31.4 0 1.9 55.6
10 - 20 81 30.9 32.1 17.3 0 o] 37.0
20 -~ 30 116 50.0 25,0 10,3 o 0.9 24.1
30 - 40 165 33.9 32.7 10.4 10.9 3.6 18.8
40 - 60 38 13.2 44.7 0 42.1 0 0

Overall 454 46.9 30.6 13.2 7.5 1.8 26.2




Table 24. Contingency tables of mortality causes of Rhynchaenus miners to test independent incidence from age
of leaves oviposited. Cells with the same superscript were combined to meet X2 test requirements for minimum
expected cell frequencies. When the procedure could not satisfy the requirements Fisher's exact Probability

test was conducted.

Leaf age Success in Death before Successful mining
{relative emergence mining stages
leaf
length) Death from Death Consumption of
starvation within mine most leaf area
Yes No Yes No Yes No Yes No Yes No

R. takabayashii on Q. serrata

a

0~ 10 35 19°¢ 15 39 4 35 0 39 8 31
10 - 20 242 4° 3 25 1? 24€ 0? 25¢ . 21°
20 - 30 49 19 18 50 18 49° 0? 50° 5@ as¢
0 - 40 aP 299 162 s54P 0P 549 9P 4sd sb 54
40 - 60 1° 2¢ 0? 3k o® 38 2b 14 oP 39
Test x2= 4.67 xZ= 3.55 - - -

p > 0.05 p > 0.05 p = 0.08 p < 0.01 p < 0.01
R. japonicus on Q. serrata

0 - 10 23 31 13 a1 17 24 0 P 30 1
10 - 20 a1 40 26 55 14 a 0* ssb 30 25
20 - 30 74 42 29 87 12 75 0* 7P 28 59
30 - 40 70 95 54 111 17 94 18 93 31 80
40 - 60 5 33 17 21 0 21 16 5 0 21
Test x2= 32.8 x%= 6.8 x%= 22.3 x?= 118.8 ° xZ= 31.2

p < 0.01 p > 0.05 p< 0.01 p< 0.01 p < 0.01
/S
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Table 25.

head widths of Rhynchaenus weevils.

Effect of food quality which is a function of leaf growth on adult

Relative Male Female
leaf
length 1 2)
N Mean ' S.E. Test N Mean S.E. Test
R. takabayashii reared on Quercus serrata
10-40 13 43.8. 0.20 x2= 21.4 19 46.3 0.16 X2= 11.4
40-50 26 41.8 0.41 P < 0.01 30 44.8 0.39 P < 0.01
50-60 7 39.6 0.90 4 44.2 1.25
R. japonicus reared on Quercus serrata
10-40 35 61.3 0.35 X2= 26.7 39 65.3 0.35 X2= 24.4
40-50 32 57.7 0.67 P < 0.01 25 61.2 0.74 P < 0.01
50-60 8 53.4 1.63 8 60.0 1.17
R. japonicus reared on Quercus acutissima
10-40 18 59.4 0.35 x%= 8.06 13 63.5 0.42 X2= 12.6
40-50 34 59.3 0.31 P < 0.05 32 63.9 0.48 P < 0.01
50-60 6 56.8 0.83 9 58.5 1.46

1) 1 unit = 0.01 mm.

2) Kruskal-Wallis test.
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Table 26. Difference in adult head widths of Rhynchaenus weevils due to

1
the emergence season. )

3)
Tree Early emergence Late emergence t-value
code
2)
Mean S.E. N Mean S.E. N
Males of R. tkabayashii
B 43.46 0.22 8 42.82 0.31 8 1.61
59 44.06 0.23 12 42.47 1.04 6 1.50
C 44.11 0.47 8 43.43 0.20 14 1.33
J 44.22 0.67 6 43.12 0.30 10 1.49
4 43.50 0.25 4 42.61 0.54 7 1.43
Females
B 45,93 0.39 10 46.08 0.23 6 0.34
59 46.25 0.47 7 45.42 0.48 10 1.25
C 46.23 0.36 7 45.75 0.52 6 0.75
J 46.70 0.57 10 46.26 0.47 11 0.59
Y 47.75 0.75 2 47.60 0.80 5 0.63
Males of R. japonicus
58 59.18 0.21 63 60.03 0.31 63 2.27*%
J 62.20 0.65 11 60.32 0.41 23 2.47%*
‘Females
58 63.88 0.37 69 64,31 0.38 63 1.54
J 65.86 0.62 23 64.24 0.59 29 1.90

1) Weevils were divided in two groups based on their emergence date;
those emerged earlyer than the mean in each tree were grouped as early
emergence, and the others late emergence.

2) 1 unit = 0.01 mm

3) *: p<0.05.
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Fig. 11. A relationship between the fate of Rhynchaenus japonicus and
the amount of food intake during the larval stages. Shaded bars, death
from starvation; open bars, successful emergence.
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Fig. 12. A relationship between the adult head width of Rhynchaenus
japonicus and their food intake during the larval stage in 1989. Open
circles, females; Solid circles, males; triangles, means of head width
in the weevils collected in field.
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HEM  YHHOBELEONIRL

198545 A LADSHBAR LI T FSORELRNL, BEOAZT I LKL
Teo BIBLUAE SRy D% LBy R _tekabayashii & R. japonicus O T I E 88
ROEERBVYWRSOh > LbDD (Fig. 9 MEREEZHTLARATREN
LRIFIBORNESR, BELTVE/ IV AV ORBBRE-THBRRES T
Wi (Table 27) R. takabayashii OEIEIH S /BT, R. japonicus OB,
R. galloisi OBEOMHR AN CTH o, 1986FERE, ok 7XF¥FIFBHBKM
A BAOHBELBRVEOHM TCERE LB UL (Table 28); R. takabayashii %
U R. japonicus OHER, MM LRBHAOI LYY I N BODEI-: 462K &
HRR/NETH -, —H R_galloisi BBV TR, BEINCWEELEBESH
TOBVEOHMTAZ SEBVBALNT, WHOS 5O LBl BV THERENS
ORIt F ¥R o, Ty CORBRIBVTD, £ OEA. R, takabayashii
OB|FER R. jeponicus OBFERERTLIVNECH -z, E5&, 198TERIE
EoOREBE % BB L, R. takebayashii & R. japonicus OREL LET, ZOK,
EREXETLTCWS L2BRB UL (Fig. 13) UM L. R. japonicus %% B\,
HIREETOETULERENSELBARE, LHEELAUBEZEORERTEL
Baohihole (Fig. 13)

Rhynchaenus takabayashii & R. japonicus CHHGRLEBEBONRLE, /3 Y
VAVBAEARE P ENOENRAOFALYHNORBFOS A -V RIVBEREH
RBbODOESBbh3, s 3 FS5O0BERERFALZLTHY, ¥o7k
BELOILEBVEONRD, CHODERBELLBARSION B XS B/ NHEN—
EQHATEHEELTV I, BOMRAR, MEARIIENEEROBR o5 h

Table 27. Length of Quercus serrata leaves which were mined by Rhynchaenus

larvae. 1985.

1)

Species Mean S.E. N
R. takabayashii 33.4 0.631 424
R. japonicus 51.1 1.009 219
R. galloisii 61.1 0.793 354

1) Difference is significant at 5% level between species of all possible

pairs by t-test.
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RAOPBANNBY, /IVYAvE, ¥RBEOERONIV, ¥REEEH» S K
BMERBRODTVLEOT, BERNRCEOAZEZBALTVBLRBARAY, Lo,
Uy FFR DMREBERIAERBACHOLZHERLMBITE Y, o, HEKD R
ZOIISNELER UGB OERNLTCVWEDOTHINIEIE, BEIh XS5 B Ay —v i
BROINBETHSH, T Ty 1983ERR, FHURIVAANKBEORELE
Dy COEIBFPAR, MEBEINTORVELAD LB L2ARBUSEEOHESS
BERTZ2EIpEMHELE (Fig, 14), BEBBEOHRIP > REAC TR, MY
BEoWaNRFLIHMULL, 2 WThoBARBL TS, BEEOHEAHIZER
BERULHBOMTRE-THY, BEINALERS OGNV A LOBD I, BN
RIGEBROBRILLGEINNDOTR, 7IVV AV RIBZIBEANDOIA—V
VBRI DOTHBLEEILNT,
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Table 28.

Comparison of leaf length between intact and leaves mined by Rhynchaenus larvae.l' 2

Tree code

Intact

Leaves mined

R. takabayashii R. japoincus R. galloisi
Quercus serrata
TK1 72.4 +0.64 ( 722) 41.6 +2.23** ( 46) - 71.4 +1.29 (170)
TK2 70.0 +0.54 (1151) 39.5 +1.66** ( 54) 53.2 +2.54** ( 37) 67.4 +1.44 (157)
TK3 67.5 +1.00 ( 322) 38.1 +1.90** ( 35) 57.5 +5.21 ( 6) 65.4 +2.54 { 50)
TK4 65.0 +1.39 ( 197) 29.7 +1.42%* ( 62) 47.1 +4.24** ( 11) 62.0 +5.43 « 4)
TK5 71.1 +0.52 ( 955) 40.0 +1.00%* (140) 44.7 +2.80%* ( 23) 57.2 +2.11 { 50)
TK6 71.4 +0.83 ( 468) 39.5 +1.55%* ( 46) 49.7 +6.09** ( 62) 65.2 +3.13 ( 11)
KMl 75.5 +3.32 ( 46) 49.0 +4.06** ( 17) 74.0 +16.0 ( 2) 69.0 +8.63 ( 4)
AN1 60.4 +0.57 (1321) 37.1 +#1.06** (230) 42.0 +7.20** ( 6) 63.2 +1.64 ( 84)
Izl 71.5 +1.27 ( 241) 44.8 +2.07** ( 44) 56.8 +12.5 ( 4) 68.8 +3.17 (17)
NG1 74.3 +1.97 ( 179) 44.7 +2.57*%% ( 53} 55.5 +8.22* ( 8) 63.3 +5.20 { 15)
NG2 63.4 +0.87 ( 499) 38.0 +1.69** ( 61) 48.0 +3.95%* ( &) 61.9 +2.88 ( 32)
NG3 89.5 +5.93 ( 14) 39.0 +6.03** ( 4) - -
NG4 76.7 +2.63 ( 78) 38.8 +7.07** ( 11) - 64.7 +4.96* ( 10)
NG5 72,8 +1.29 ( 190) 47.0 ( 1) 49.2 +2.61** ( 40) 71.6 +2.16 { 5)
NG6 76.1 +1.34 ( 181) - 53.1 +2.77** ( 40) -
Quercus acutissima
TK7 90.2 +1.06 ( 311) 61.1 +6.29%* ( 10) 77.8 +0.99** (358) 88,3 +2.78 ( 65)
NG8 114.8 +0.66 (1418) - 93.0 +0.88** (745) -
NG9 106.7 +1.67 ( 192) - 91.8 +3.08** ( 65) -
NG10  143.6 +3.51 ( 114) - 114.9 +3.29** ( 37) -
NG11 128.6 +2.43 ( 103) - 114.1 +3.23%* ( 38) -
NG12 137.4 +2.11  ( 172) - 116.1 +2.37** (165) -

1} values are mean +S.E. and (sample size).

2) T-tests are conducted between intact and leaves mined, *: p<0.05, **: p< (.0L.
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Fig. 13. Comparison of leaf growth rate between intact and damaged
leaves of Quercus serrata in 1987. Each point with vertical 1line
represents mean and 95 % confidence interval. Open circles, dJdamaged
leaves by Rhynchaenus larvae; solid circles, intact leaves.
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Fig. 14. Frequency distribution of leaf length of Quercus serrata on

control (upper graphs),

and experimental branches where mined leaves

were artificially increased by caged Rhynchaenus takabayashii (middle)
and R. japonicus (bottom). Shaded bars, mined leaves; open bars, intact
leaves; N, sample size; P, percentage of mined leaves.
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ISV AVEOBEREORARRERKE LTHRRED U < LR ST
Whe REBR IIWMAPHLE, RUBOCLARNTHERERIZFEER, HENO®E
E%, BEBRBC30LVDRILREVVRARERTIZLRED, Choo@
OEFREELTVWILEXLNDE, i, BORERMESHE « LENBHEOSY
BHLLEBAEMOREL L L, AAROMBEHBT 3BERHO -2 BT W
50 b v,

JIVVAVEORCEMBe Sl e FiMi e i e BAUOAEROIRCORFEB K
BREVEZ TV, EORKMEN2ESAL R._takabayashii & R. japonicus
TR BROAWMEMERERIBOZETPMENHNOEADRVAZIO LR $E] &
BILTHY, ML BRAOS RSO MBS AETRE, pRIBVLOT
Bolee WHMORTERLLTINITRENOHR, NELERE, SBRKASOHS
BRBRENTE N, Nielsen (1968) &\ 7 F ik #IES 3 Rhynchaenus fagi DI
ORACEEO—2L L TRENNOFEOABELERLTVS, Libl, FERE
HEAMROBBLBVWHKEM LA R. takabayashii & R.japonicus O OIE & A
EHBET I LE2MBLTEY, ChoOBRBVWIRRBEANOBERELE
Bed 50 DBV, Askew & Shaw (1974)4% Orchestes (=Rhynchaenus) quer
cus & 0. fagi OT KVNRPFY INFRIBFERBE LTV S, AFET
B BNk, AMOEBU L R._takebayashii & R.japoicus OBAHH CHEIM L,
Ve~ VATHEEB RN, HFLEEONMBRMBCER Lo, B i
ELZABBRCRENA»oBHT MU BT 7O0BENRBSh, B
HMOECANOMEREREN S, BHIRIVEBEIORBLABARSHNS 3
VEBEYRMERHWECKABO R T Eh b, RBEUAOERO S HRE®
&N 3, Day & Watt (1989) &\ R. fagi OMOECHRBEORVERBVI L2 B
WELE #oid, ANRIZIBOBNIVPEBR IIECLHELTVS, HE,
AROBVHRBEXRBULIERDI AV EOVEV I IO0RBES L, R takabay
ashii ¥ R. japonicus REVRIIMOETHBERECERO —2RZ - TV $
OLEbh B,

Sl AR CEMIRE, XX INRFRLRAINRF, IvanNFHERLES
EPvITHTI N"AVYFanFRISHARS SN, Heads & Lavton (1983)
REFELA FFROINET YN CRHE LB RS, Askew & Chav (1979) BT
Kato (1985) i\ BA T BRSO BELO/NEEE A A 1 X5 k> nEF YN
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H%, BERBEATCOV LD TLRRECONHHDORETEZRHEAIT I hb ANV,
ZLOREARWREBK/OWMREB L BROCHERLCWEHT, IV VY AVHE
OYHRBEAURLALERT S, CO0B, /IVIAVYEORBARBARNRE - T,
BBLEDETLTILES ZLMBV, BEZOHEPHANRBYIHRORED—
BReOIISNBERLZDIOEBDLh B, D Ed, R _japonicus BRBW TR,

HEO TRBUMLBBLESPHHOBTHEI - TVHI LERBLTV S, ¥
:v REOFETHBLTRONETHIVR, NTAHRAY, PaV H4EOHAYR
ORAWABCORHOECRESELCwWAhbAhisw, %, R. japonicus T
BELTCVIEZPHRBEVOILTLES>AR, HERABRIAFECHRBI TV S
al iR MRB E N,

ChET BEHREHONHEPHHMORTERARSWTREBEMNZ OBHEND
B, TORUYMORTCERR ITERLCVIDORRAIAORY, /IVI LAY
BRRAMIFEEORBE ST THD, 2 a2anFRIZFLBENHETORR
MR oTHERRCERE L TR, BAYMORCRS2VIRAHDEEXTSH 5,

Utida (1957) 3\ ERERE LY, 7XEV Y20 28VEVRRAVILVOR
EHRERFEEXBELTCVICLEHELE, EREOCHAFLFERI LB,
HFIBBREKBELEHBHRORRE, /I VYAV HOAFERHBASLTLWIRDA
NRWV,

—fR, BEEBHOFLEBIERETHY, L b, RENRERLHALRR
BOLFEEREREEINT0EZ EBAMS RTW 5 (Askew & Chaw, 1974), &
CTCEOLNEABREO/ IV Y AR, WENS 7T HHEDRBETSZILOTH- I,
% . R. takabayashii % R. Japonicus $hiik &4 3 5 Chrysocharis ujiyei &
Entedon nomizonis WBHPMABE R BMI LML BHOBRREFLT B LA
T3 (Kemijvo, 19887 EE&#E), TR b Do ¥, HAMOTETHEHLIET
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HEBRIS/IVYAVEORTARYE, AFLTVWIIOBOFELEL BALRE
CoTWBTZEMNTRR ENT,

L L, 2vatFO—8, Syrrhijyus sp. R&3 /7 3IV Y LVYFEHAOFESD
NAY FunFO—8, Symporphs sp. 7 73=Vv ¥V T7H¥T7IRIHAHABRIENMO
JIVYUAYTHRBUNLECEREZ-THEY, Z/3IVyrvEoOoBEREAELTY
ZEMEABEINTVS, ThoOKRBET, FEOEBRETF LLRENROEKER
RBZOVIBHEIDRDPVIILHRFLVWVRERZED 54HEMND 5,
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INhteH, WFhoE4d E._nomizonis OFAEEZS5FTHY, C. ujiyei K EB2H
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ENBLTFMENZI-BRBESHERNEBRERLDIbDOTH S, —F. Bultman & Faeth
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Summary

Ecological interactions were studied amoné three trophic levels in a
community constituted by coexisting Rhvnchaenus weevils in deciduous oak
forests which covered small mountains. The following observations and
experiments demonstrated that the resource tactics and natural enemies
exerted stronger influences on the regulation of the weevil population.
spatial distribution, host selection and life history patterns of the
larvae which mined young leaves than did the intra- and interspecific

competitions.

1. Life history

Rhynchaenus weevils, viz., B. ftakabavashii. R. Japonicus. R. aalloisi
and R. variegatus. had univoltine life cycle in Kobe area. When early
spring flight occurred from hibernation sites. buds of the host trees were
still closely covered with scales. Females oviposited soon after fresh
leaves appeared. making a small hole to lay an egg by using the rost;um.
Then they closed It with their feces. Larvae hatched about a week after
the oviposition. The mining larvae then expanded the feeding tunnels.
The holes and feeding tunnels made by weevils and the larvae were found in
different parts of leaves and had some distinctive features depending on
the species. Larvae span a cocoon to pupate after twice molting inside
the mine. When the egg sizes, larval head widths, leaf areas which were
consumed, developmental periods. adults weights and fecundities were
compared, it revealed that B. galloisi larvae grew at the highest rate and
that R. .aponicus which showed the highest fecundity laid the smallest
eggs per fresh weight of all. Every vear new adults emerged in May or
early June in the following order, B. takabavashii, R. galloisi and BR.
Jdaponicus. Their distributions were biased to canopies, but R. galloisi

and B. variegatus move to the lower strata in late June. Feeding activi-
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ty faded away at this time of vear in all species but B. Jjaponicus, which

continued to feed Palisado parenchvma until all the leaves fell.

2. Mortality factors

BRhynchaenus weevils died in the all developmental stages. Rapid
leaf growth in early spring often induced the drop of egg cradles and also
blocked a successful mining, which killed eggs and newly hatched larvae.
Larvae, prepupae and pupae were parasitized by pteriomarid, europhid and
braconid wasps, and hunted by Symmorphus wasps and predatory ants.
Starvation was also an important possible mortality factor in R. laponicus
larvae. Adults weevils also were parasitized by braconid wasps. These
mortality factors were due not only to the natural enemies but also to
host plant tactics, which are instrumental in maintaining leaf miner
populations far below levels at which competition would occur. Major
factors for each weevil species were fundamentally different each other.
The vpopulation growth is probably regulated independently of other céex-

isting weevils.

3. Leaf selection by ovipositing females and the state of coexistence on
leaves

Although females were expected to avoid leaves already oviposited to
reduce intra- and interspecific competition between larvae on the same
leaves, Rhynchaenus miners showed no sign of possible competitions for
leaves, shoots and branches, coexisting just by chance in all possible
species pairs. The number of mines per leaf made by each weevil species
nicely followed the Poisson distribution, whereas it showed an aggregating
tendency among shoots and branches, which possibly resulted from concen-
tration ovipositing activity on particuiar branches or variation in leaf

quality among branches. The body size did not significantly differ
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between adults raised on single~-mined and multi-mined leaves. Parasitoid
wasp attack on larvae were independent of the larval association pattern
in leaves. Data suggested no interactions between the ovipositing fe-

males and between larvae mining the same leaves.

4, Host tree selection

Several species of oaks were recorded as host plants for Rhynchaenus
weevils. Although all these were potentially exploitable to the weevils,
the miners were found selectively on one or a few host species in the
field. The host specificity in the field was partly due to selective
colonization by post-hibernation adults.

Why B. Japonicus did not exploited potential hosts other than Quercus
acutissima in the field was specially investigated. Both adult body size
and developmental period were statistically at the same significance
level between the usual host, Q. acufissima and a wunusual Q. serrata.
which means that the both species have equivalent nutritional values .for
the larval growth. Total mortality due both to the natural enemies and
bad weather did not significantly differ between the larvae raised on the
two host species. However, the miners in Q. serrata possibly experienced
heavier mortality from food shortage than did those in Q. acutissima
because of smaller size of leaves in the former. The wutility of Q.
acutissima whose lsaf size is the largest of the potential hosts, may have
minimized danger of the food shortage in B. iaponicus in their early
breeding season when leaves are generally small, whereas the evergreen
oak, @. glauca produced smaller and more variable adults than usual size.
The numbers of empty tunnels and tunnels containing dead larvae increased
in Q. alauca. The toughness of leaves probably reduced the survival rate
as compared with those raised on usual host, increasing rapidly after the

buds burst. It may explain why B. liaponicus rarely used Q. glauca as
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their natural host.

Bhynchaenus weevils may select not only host species but also individ-
ual trees. This was suggested by the year-to-year stability in the
species composition and abundance which differed among individual Q.

Serrata treses.

5. Ecological significance of oviposition timing with rapidly growing
young leaves

As oak leaves grow they radically change leaf <chemistry. toughness
and size just after the buds burst. These changes are possibly reflected
on the larval survivorship because larvae are totally surrounded by the
leaves. The oviposition phenology of B. takabavashij and that of B.
Jaeonijcus were determined based on the observed hatching and the emergence
by assuming that eggs had been laid before the period equivalent to the
developmental time. Both the species probably commenced and continued
oviposition for about two weeks just after the bud burst. Howaver., .the
emergence curves of R. japonicus showed another seasonal oviposition
pattern: It started laving eggs about a week later and completed it in
the same season. Leaves oviposited by B. Jjaponicus were too small to
supply resources sufficient to the larval growth because the species
consumed 8.7 times as large as leaf area fed by B. takabavashii. This
aberrant vpattern found in B. Jlaronicus suggests that the larvae produced
in the early breeding sesson, when leavas were very small, faced to seri-
cus mortality probably due to resource |imitation.

BRhvnchaenus takabavashii and R. Jjaponjcus larvae which mined leaves
of different ages were experimentally produced by caged females to examine
the importance of oviposition timing. As the aviposition timing lagged
behind the leaf development adult body size significantly decreased and

increased the variance. Death during pre-mining stages., the most impor-
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tant factor of the mortality, occurred evenly irrespective to the Ileaf
age. Oviposition in developing leaves of very early stages resulted in
high mortality from resource limitation. The mortality was more serious
in RBR. Jliaponicus which tended to consume large leaf area during the
growth. The mortality due to the leaf-age was considered important also
in the field because the females of this species tended to oviposit when
leaf size was very small, On the other hand. when eggs were laid into
leaves stretched more than 30% they frequently died inside the mine at the
first two instars. Such mortality, however, would be less important in
the field because the two Rhvnchaenus weevils had terminated oviposition
before the negative effects on larval growth became detectable and be-
cause the body size of adults sampled from the field showed no correlation

with the emergence timing.

6. Reduction In leaf size by larval mining

Fully grown leaves mined by R. takabavashil and BR. iaponicus. were
significantly smaller than intact leaves. but such a tendency was not
found with B. galloisi. Responding to the damage caused by the former
two leaf miners individual leaves reduced leaf growth rate. Such an
effect depended on the age of leaves to be oviposited. When leaves with
damages were experimentally increased by caging more ovipositing females
the frequency distribution of leaf lengths was also modified. This
observation suggested that the size reduction in leaves with damages was
not due to the selective oviposition by females but to damages by the leaf

miners themselves.
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