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Sex Allocation in Two Megachilid Bees

(Hymenoptera: Megachilidae)
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Fisher(1958) DL F VW REI M H S h B HAEELMD 1 ik pri-
mary sex ratio)M 1N 1 CH3 2 RWLCHDCHANBREESIE2E
AfecicRond, CORLEFVREAZBR T AEARBNRET T
OUHENUTCBRBRAEATZER. KO 1 k&N 1 1 ¢
WETBZER2HOIRLE, SORZOMBAILAHMRBEHEY X
BAREoRBIOIARESERLTEL, LH L. Fisher(1958) D€
FIVRRBEFNOEZEAZBNKT TO 1 RELZ2FRHKRBVEEAND 3,
BYonrcR, EFBRCHELERBETIBEERRDELSE T H BT &M,
THEBRZOEBR > THHLTER, 2045 KEKEROBEIRY 2
RAL3RR ICREBUHLERZELLEFANOERDO A ZENRETFO1
REKEFRTEIEFVRBELEIN S,

REARRLA 513 FO 1 RELCETIBELEROBEISHEZHHELLE
FVRVL2HPRBHENTOEIREFH L VBRI Trivers, 1985; F# Lk,
1988, 198928 M), BMIBbHARBLEF NV & LU TTrivers & Willard(1973)%
HFBILNTEE, EoNBHLLELEF VTR, BloBRERHITH
LCAZBHMEERREET 3HE. BROAZBRBTFRHLTESTE
PHEBEORKIB U CHLEE2HAM TSI L 2RBRT 2, 2D, EEEEM
HE (lifetime reproductive success) KRBT 2RIUMEROE AN A 2T
REAZFRETRRY, POBBROLBEXERIERBOREICA
CHELTRESNS L 2B RERNOBLIE A ZRBLEEOEAMN



FLVHEAN(EAECRAR, BRHTEIAZDOI ERBWV)IANTO 1 kiklt
2ROEBLETCHODEBEXMPBYIEORA(LEZRY, HRARRIT L -
THMERBIL2FHT 3, COULLEFVOEEBERL>VTR, Th
FCREZBAOBHNPARBIC > CTEERB INTE (B ZIE, Clutton-
Brock et al., 1984),

Trivers & Willard(1973)0# k= F VR EK, HWAEEHE L TERL
hitdb0THs, LHAL, TOFVHRWHARBCBEOINB I &L, €7
VORERHELTESESEIRNSBEHRCAN L CHEANMRTE S, BHET
BRECBREORABFHT(N T NF ¢ A Y AFRRM U CEANAEE
THb., UTN FHHTHK S BN F XN F R (solitary bees) RERE L T
ThoomBREG LB IRERIIET 5,

(1) BAFRETI2HOBRNE2ERICHTHEG T & % (Fabre, 1879-1907; ¥
i, 1959; Gerber & Klostermeyer, 1970), 58 ©#kfl ik ¥45 8%
(haplo-diploidy) ¥ 2 7 AR - THRE SN, WL S A2, XK
SRS AZANEL B,

(2) BAFREEED, RAOERADHORNE % 3 EHET Til & 75
EOBMOMBERL LS, 2ok INEETT 5, C0& > nFAF
BRTFRHT BEACKE L AR FIHT 5 HORR (perental
investment)(Trivers, 1972) DB ML 1 XRE L A 15 & 5,

(3) RBROH YA XRHBMOBEBL LD RBEHEOBEISE (fitness; £EFR
CHEBHERYEORMERET 2EEREN Zh& A2 OTZOHE
hRHERERE L LTEBETF(=FRNTI2HORE)ORBRIBU T



REB, A2BDBLHINOBEFHBLTCHRT Z2TEREATORS
ERITHREAI %,

4) HABEPREDOAZBREV—LOIVWRERABDIERLZBYVET 2
by BEGOLELBBIELRDZIONFERCELY, ThiextL
THBMENFAFHOBAFREMNT, LAD 1H UL KE(ER)H
ZONBVOTCEBUOLEXERIENRERIRD oI 5,

HEBHENFATFRHOEL c RS BETIHRIFLEERHOZT L L ALT
LCEH oM TbhTEh, HAMBOS S RIAAEERYE
(xylophilous, tube-renter)ON"F Y XFHHT, LENKRORMNOES
&k BRIV 0ERFR HEOERFOYA XELEINOAE, RoO
BB LLER(FRY A X0 REE2PLEHEMNTDR T,

TR MIROERK & > TRAREREOZ S OB TR, BORMNE
S BBBERII-VDOHLERE ZARS &V I BEHEIM/R I (Fabre,
1879-1807; Malyshev, 1935; Stephen & Osgood, 1965; Krombein, 1987;
Gerber & Klostermeyer, 1972; #JH, 1978, 1979; 1), Krombein
(18NRBZOXEMERE LT, BOERMNRO L ENEO 2 2 WEH 06BN
HBRENB DT (spernatheca) » 2 OB TFORERB T o h 51D
EHERL A, —h RIE(1978) i3 Krombein(1967) AT % & 5 N MM
BHHNOATCRBHIEHVWEC L2 ZOEEN L IRV TRZEH]
L, 2oL EMRBA L. SLA3ROBOP/MEAS HHoE1L
B BAFHAROLEN) XARHEEIREAZEGOEREOEN L
BLie LAL, MELDIDZOFBHER VTR OPARE S & FEk+
BRERLED o, ¥ TZOHSCHEBI OV T U - D Charnov
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et al.(1981) & Longair(1981) CHB&E BEZORE®KR TH - 1=,

FRHAEBZEARFERZEALENFTAFTEHOKL « MBI RE T IHE
& L TTorchio & Tepedino(1980), Tepedino & Torchio(1982), Frohlich
& Tepedino(1986), Tepedino & Torchio(1989)%2 bW B & NT& 3,
NOoDWMXTRFRNTIBOREOBENERMEENF NFROBL « #
A MY AhOh, HEOEERHMBEENAS I I, TS,
FROBEBECRETHOREBEORENRIFOHARIELTREY, ¢h
RFOURSORERBEELBRUZRL I ENRRIEINL,

St SORBAHEZB DR - THESORANDEILPLZOBENE
BE2RET DR, COTNV—TRRISHELEFReELHoO
BELHESRBETIIEN LD CHECRETZHERS B, KHPAET
&< A2 F0smia cornifrons (Radoszkowski)& b & v /NF ¥ F Anthi-
dium septemspinosum Lepeletier® 22 M Bz, HloLE L FoHtic
By2HFARELTHEORAFREEORE - EFENOBVIRIEL T
FOIRBELEZBHETZCECELOABRERYEORARILERIZC &
PHLOHMIR Lo 2 Trivers & Willard(1973) D& F 0V RBLH A
FTAFHREHUCODBEHTESZ L RO THRIEL 2T &1L 5 (Sugiura

& Maeta, 1989; Maeta & Sugiura, 1990; Sugiura, 1991),



MR EHE

1. FeXd2B08EOHE

BORBRTOEELZOARRORERE L HOKEEZE H(=H oK
# ¥, parental effort, Trivers, 1972)%2 T X V¥ —BA CTRIRT 5 O
BETH»%, LhL, COIINEHENBAEI LD THHE dLIR
AafEsfodic. ZERCIPORELMEBENCTM T 2 HEkFEHL IS %
Brv, BHEOHIMABE CREENOHFREPCL 2ERBLLFHRO Y
A XD ERPOBREOTMM K T &7 (Torchio & Tepedino, 1980;
Cowan, 1981; Strickler, 1982; 1) KKK BWICIEEHR LT A EI N
RERBFI 2 VEIHBROERER2ZOHEBTE LTHW,

2. RAANRFRAONZBOBRELHES & OB EHE

REZIVTECBBRAZ(RITHAE)BEDBRCKELZ2OOBRET
ZPRB(ALBIRTAINFERELTITote WEOVAXBABLED
4.5 my B E11.0 ny WE2.40Cy RABRBBHR Y =— V7, MIE
KEY7vOER- . MBRICBTER « EEFEME LCiFELILEY
AU AREDNEY Y YPhacelia tanacetifoliak K v b % (2-34k /&
vy MUy BREHZFSLC2ER DA D AR3I50-400K v + /R % 444




L, BRHMGP2ELCTHACREERRFIATCE ISR L, 1,
AIRCHRBBLAERMACREM L LTI YHAIKART oy E & 15cnD KR
Z2bro—2FALbORREBREEL I,

RABEBCAVRNFRBEAENZ CELEROA-> L@EEZERG C)TR
FLCHE BEOHB#E»S5&H L TALBEOHE L BAEEMNO
DOX—72RBEEBE L. BAFOBY A X REFELDLERK
(LN By MDD IV —TeXF LI, FHOBEKRHRARE T CY
ETHBHMN Ke/hBOZhSBEKRHDEW, 22T, K /NEOEE
BHERAZPOETEINLTEREF2ZABNCHEE, S HE3EBLTA
Ell, ¥4 X0/ T OBREEEBIGLAITIE, MA410L, SH2IILTH
5, LEMD A ZRMEZAR4ASHRSLD AR & EdiT, SO X RIMAE
BRAASHRAICDAZ L LDRFABBEL L, BRHMIIEAHRE
2TV, BRAZRELAIRCORRSDWCEEBKAR L THE 2L
L. BROEBRMEHBERDMLB &SI L, Flts 1—9HBXIRA4AML
DERAZEZI VI IRBATCHRABEDHZHREL, HE LV OoREEK L
ZOFERMERD . TRLARRIRTERAREN L CEFRITH
THEHOBREBERDZ D REEFROIBREAFOEERMWEL oo 2R L,
ZORBREB(O—SC)THREBRIELREIT- ke THROBHANHE
BERINAEHTIFOHENORY A XL EROMBROE St & 7 (3
H, 1978),

FOHEREFM LN > THRALK(S /8 +2)TRLE, BAFO
S ESKBBEDER() BRNK(=HEANOLHNBHAKOR, AIHA9I78)D
WX IR MRS, (2) RMESNK. (3) EMH. (4 B OENMK.
(5) . (8) FRYAI L ERDLETAMULA, COSIBOBWMMHBED
EMULD TN LTBVR ARZFH L, L I8 % Goukon et al.
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(1NDOFERVARBF 2 =v AL BIHAIL 7,

8. FPEVYNIANFOFARSLNDBEMITE L XEBRKE

$H(ZRIBYECHET 2REAERZBES LR T ERDIR, PEYA

FAFOFRAORBR2AREARHTH ORI OM)IKicBWTI988ET A9
BH»58HA9HE AU THRKOHZEBEVWTREEHT - t. AAHMBEX
OHBMNEVEREAELE LAE©, FESHEEDL LTANAY S

Leonurus sibiricus, 742 v—/% Trifolium pratense, )V ¥ % Ca-

lystegia japonica. W4 & Metaplexis japonicay 7 )+ Z Solanum

carolinense. ¥ 7 # 5 ¥ Cayratia japonica’R EMEF LTV, ULH L,
FEVAFIARFORBBOAZRANY T OSZREEMME LTCHAL
fefed, AAORMEBHOIHFEACBESINL, T, A2R3BEE2E
HRZ2EMT B -Hica € F¥H(Artenisia spp. )OHFIT DMK L 72 h8
ZLTCRARDEMNRLZCBEINE 5 T,

A 2OEMITHEZRET 5D, VRS coffh TREET 5250 2
N FHERBAN, Cho0BEBERVWITNI220D0 Ny FHh BRI N,
BREIDPSADESE2ODUY TR LI BNy FOIAXEANTFOD
BERBBROBEOCTH o 2o Yy F 1487 cn x 77 cn, B\ Ny F2
H82 cm x 70 cm, 188k, ¥ v F 3 4184 cmx 80 cm, 238k, N v F 4 H84

cm X 83 cu, 158k ANY FOMRZREACMHIP > THELTVWE D A
AT HIBHCEBCEL, Ny FRMRLEAZBIRTHBLT®
OFWAENE L, &R MBEEBERIOLD Dw— 2 Bl LI,
— 7HRBAEEBEHPBLIIMETCHLLE, REBOBRITOEHHTLE



bR EHTHEER L, AROEBERTHLV -V —THB /N ru—
VA (patrolling). 3R (copulation)y #HTEx 72 BRE (flower-visit-
ing or feeding)y KB (resting). RUFEA 2 & OHERRLINT S
FfFB (interactions) 2B, 103MI LV I SNLEBTHORER
87EIAZ &% L 7= (87043 ),

Ny F1l—ATORBEMAT, A 20EY 4 IRCEHHE & REK
NEoOMEK2HO AT SEMNT, THIHEH»S>8ASHREAFTEH
DAZAMBE LNy F5(600 cm x 350 cm, 53K ZH BT, 22 TH
103 OBE251E (51043 )FM L 7,

AZDEEER, 1990FERFAR L ABEHOFREAVTRD LEHE L
4 fhE OHHB (r=0.9571, n=110, [E#X Y=173.6X-615.DHh S HEE L 12,

4. PEUYNTIANAFRAONBIBORE LR & OMEY

NFORBRIBATULRKEYER (MFHLEK) ARZBELLWET
1990 7 A25H » 5 8 A28H ¥ CO3M4HRIT o 7o WMEOH 4 X 1L 1H4.5m,
F%8.0m H&2.4 00, £2HEEY 7 VORTHEH- o, BIARIIEES
BELCRMTH S & r@I(HEI-11 nn, BI20 cmd B KB Ly b L,
TEB « EBEFHPD L LTCANY 2, BEEONHUMB LR IMEH MY L
LT2EX¥HEZEERHL LI

RECHVARANAFRUE T, REEACEEOWE L @HERNO 2D
Ov— 7 2RPEFRMBL. BIEOA R & & DML -, BB H R,
RAINFOBRG LA BEBE LT - CEROBRERVCER O
HeimBBR2HLOMCL, N 1-4BBERL I VI 24l ERELT



AABBHORBEIEMB LA, BN LARZIOATARIRTCHEELTHD
HMECLER@ER RXBoOMFOFER 2L Lk, EHroHEDY
HLULTIh2EHNCBUFALBLE, TOR, ZFEOHEITEATREL
THRILZFS, illkBE 0L 4ERZRIEL .
BAFOFRATIHROBEBRIFHRYAX (EGHE) 2dbLi, &
BEXEBIER() RENYK. (2) EHEEK. ) BV OEHK. (4
HH(E/ 8+ %) B) FRYUAXNBERDLEMML 1o



o/OR

1. RAARFROEPVEVYNAFIARFORBETH L ABEL O

DUTRRBRRZBHOEBBEZHIBZLDIR, TAINFREPEVYAFAN
FORREHLABRR DVWCHBE AT A(FEL Q3HH, 1938; &
M, 1978; Sugiura, 1991%2 & M),

1-1. BREH
NFIRFROBREXIME - #HYPE R ECOBE B YA > TER
Tah BEOEMEAMLCERTZH020ATE, EikNRR
MEBEOFNEVEBRNTH B, TAANFRIEVYNFAFREERELE
BREONFINFTHBIBREORRNLHATH S, v AIANFEFEYAN
FAFE EDRIFRAVEOHBRIFATER T 3, 847 ZYE,
LENBEEBORCESLTET. 1 22V OBAREREFHEZ < A
ANRFRTE PEUYNTATFREERTH S, BFEREE L TEBRNI
B Eh, ZOoRFNCIEOBVWE XA KRAUBRXBDONE, ThdB,
TAANFTRAZAOEEHMNRORAK, A 20 ZnRAOMICEE S
N30 MLT, PEUYNFARFTCRFRAZAOEFFHEMBEMI, 220
ENANAOMRCEEINS, MELIEEFARIEREAFATE SR,
TOLRIMETEING, BILLLEHRARBEAFREAL T NTER
Fr2HEELCRET 5, BROVAXEEZIAFRINBEREFRR

_1[]...



B OBRIK L o TRIES, TAINFCRAZODEERT RO TN L DK
2L, PEUYAFINRFTREZEONTD 5,

1-2. £FER

TAAINF I FBREILECERCEPDHE D o, A RBRBKEHE 2
AEH&VNB T, BRSHBEITIHE@AD 5 (HEHSLEH protandry). XE
BELLCHEREHFLTORLUTCHLN B, A X IXBE3ZE (monoandry) %
795, BRRBRRETEHATIT 3,

PEVATFIAF I XBOIELIILHETH 2N, BHHRIEETH 2, 2
BRRBEEAZRALIORBEC, A2LVEBIHRT2HEAMND 5 (HdE
¥4 protogyny) o AZAREF Y Y —HMRBD L, BRE A ZANMKT
5HTEMEY LT D, 2 2B ZERR(polyandry) 2475, BL AT
BTEATITS.

2. TRANFRBIONZIPBOBRE L HERS & O EY

2-1. BEBEEFORRRER
RMEARBIINFOERRAR LD CRIFCT. BREENS CEHII
HEXE» > mHZEBRVCEHBEHARBD SN, BRERR B & 230-40H
MlThotcc HALVOFEHHRERIHZBES TLREELLTYW &, BX
H i3 128 130453 (4 RI6HE ~ - HR6BF3043 )i BB L 7o,
ARADEHERMABEHRE YA R EoTREYD, Kedh o NHOJFIZR
» o T,

._11...



2-2. HEFNOBABLEDI LYV OFRFBRUCHLOBRMNEYR

BMiELE3,. AR)ERREONFAFETCREROBERFIARL
TV IATEBE, BoEVELLBABERZRT CERMON B (Maly-
shev, 1935; Krombein, 1967; ft). HIEH (1978, 1979)XHEAXE DY Y NI
N7 (Osnia spp. )OURMIOER L SR ZOXWER K>V THRN %
MmA. ERBROHEFELLTROLIATEZHEL TV 5,

(1) RoBEMRAZROERH, AOARBZAZOEFEH(S ¢8)
(2) IRTAFR(sH)

(8) FIRTAR(LH)

(4) S HRA—RATCRELTVS BO(EAR)

SEOREOHBTEILTAAINFORTRIAZBEMNA)OD $ ¢ BT,
@RI DP#BEN T, )
RICBARBEOBAFRELLEREZAVTKDERBLVOEEH &
oMBHLSEEZRLE, BRATFREENBEBRB 7TEXORRIES L
BV 0oBR(BEMBREBEBER LANR>TRO LS REB L, T1%
bH, BIXBECRERLINIBEOERA2MHE L. ThIUBROR TR
BERBABBE LTV, BEGELIBBRCERLLERI—BREHRT S
CERAHBBREINT, BRILVOBHMBIPRBREILLEEZZED
BIEBEERII, BRECE > TRBEEF L. A 20EENMRIFHR
MM 5 ENARTH e BAKXEBORREAONHHO ERBZ Ky
FPOANFBAYMREC - A—RALKREFHEYVEOE DO L5 d O L H
Ihi,
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Table 1 Temporal changes in fecundity and its related features in large-sized
females of Osmia cornifrons.

[tenm Nest sequence
[ I1 11 1V ) Vi VII

No. of cells 11.4% 10.8% 11.3% 9.8+ 8.2% 6.3 2.3%
1T - 1.8 - 1.0 1.2 1.2 1.8 1.6

Sex ratio 0.456+ 0.469+ 0.589%t 0.633+ 0.520% 0.744%+ 0.350%
0.107 0.147 0.151 0.102 0. 146 0.202 0.409

No. of eggs 1.92% 2.14% 1.63+ 1.68+ 1.58f 1.26% 0.60%
laid per day 0.22 0.38 0.23 0.45 0.26 0.35 0.38

No. of females 8 8 7 6 5 4 4
examined

Values are xiveh by mean 5: SD.

2-3. BRHMPOENMBOEL

HBRYMPOENHMBOE(AR. BRNOEEHR/ZOTRKELLE
BAKZ - CHORVOERBTRLE(ER]L). HELVOENKRRZE
B> THE L, LR TERBRRIINFOBBROERL LD
KRBRERET B EEX DT

2-4. HoOBE LHEI ORI
2-4-1. TOMLLBOREL

Relhvolbic >0 TRBERBER, TITRAY « hBOR T %
HREELT, BEGKOELETFORLE AXTRENT I2HOBELL O
MEBCO>VWTRRDE, 2 FRENTHHOLEL L& RENIBLT
RokpFELARTENETECLHD 32+ 2ATROLDEFALLER
HHAFEOLREZRAFOMGEAHNIT. H2VIRMTRANS &5 R

_13_.



KRDEDBOTHB, M1 D2SHLIBIIRTFOHLEOSIEMIZ0.51-
0.55OKRNULT, AAFRIENTIHOBELILD ZHiX0.41-0.45TH -
froo CORRRB BETRETCHELLCAINTFORNFRBERE
OMBETFRERTHE, FAARSAZRFZELD B ABR DI T 2 TFRE
HIT2HOBRBHIPP AR LBRTE 1,

Frequency

Il

T 1
0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70

Sex ratio

8-

6 -
> 4
(8]
®
3 4-
o
Q o
—
TR

2 o

T 1
0.25 0.30 0.35 040 0.45 0.50 0.55 0.60 0.65 0.70
Investment ratio in males
Fig. | Frequency distributions of offspring sex ratio (above) and

investaeat ratio in males (below) in large and aedium sized
sother females of Qsaia cornifrons. Frequency aeans the nuaber of
mother females.
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2-4-2. BlOBRBEORMNKER
BAFOHBEXZOREBRENCREIEEC2VTR, BRFERHEL
RERECLOMBHAFELRILVOFIZAFRIEN T IFHOBBLLOEIL
ZHLREFEL oo ERHFOERB(=THRILVOHORE) IE TR
EHFEIAXHORCHIEL, CHUBORTCRIRBLB/MIL TV M
BARALHTH - (H2) iy BRENTIHOREORSHEARZE
SRYVOBFREREIIREAILTOVE, Tbb, Biedds5okEL
RBIFZXEHORTEROREL, THUBORCRERF K > THRLTY
R(E3eEk) ThitHLT, RELVDOAZFREMNTIHOBELR
BIAXETCHRIELR ThUBRORCREBRFRIE s KRB ER L (K
3T

DULEOERIS, RAANRFORNFTCRZOBBHNDLRABORE L
LHBRRBRETIZIORHE LRI LVOA R FREMNTIHOKE
LEAEET 5 2 ERHBAL 7,

2-4-3. BR7O%hY 4 XL XKERYE

R2LR3LWE WEL BV TC20HU LEREB 2T BN F 20
ELTHRYA XL REBBEYECEHELLLEREZND LD, Thbd
DERMNOROT ENREL ML o1,

2AANRFTENVY YV NFNF0snia lignaria propinqua(Torchio &

Tepedino, 1980; Tepedino & Torchio, 1982)% 0. bruneri(Frohlich &
Tepedino, 1986) CORABRRLRIRL - T BAFOH Y4 X LEMFED
OBV EHZESHEEENRRD O, NMNIOBAAFR AR BOZELhEK
LB U TN, BN, BEHXRCHDI LY OBBRBMRFRRIOR
Moft(R2 ¢ 3) FO1IRULPLAZFRENT IHOBELI/NBO

_15_



240- Females: N: 406
© 220-
E
(7]
> 200-
(3]
°
C
2 180-
(o]
Q
«5 Males:N:= 449
. 1601
K
o
[«}]
> 140
C
«
[0
=
1207
100 1

¥ ) T 1 T T T

I I Juig v v vi Vv

Nest sequence

Fig. 2 Temporal changes in weight of pollen loaves in large and medium
sized females of Qsmija cornifrons. N means the total number of pollen
loaves examined.
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per nest (above) and in investment ratio in males per nest (below)
in large sized female of Osmia cornifrons. N means the nuaber of
nests examined.
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Fig. 4 Relationship between maternal body size and investment ratio
in males of QOsuia cornifrons. Solid and open circles were obtained

from measuring the weight of pollen loaves in 1987 and the weight
of cocoons in 1985, respectively.
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Table 3 Comparison of number of ocytes in an ovary and weight of progeny
among 3 different-sized females of Osmia cornifrons.

Size of No. of oocytes Wet weight of progeny (mg)
females in an ovary Fepale (N) Male (N)

L Range 40-52 (18B) 67.7-128.4 (313) 42.9-122.7 (348)
Mean+SD 46.6+3. 22 99.1+10.5? 65.3+ 8. 4

M Range 31-51 (19) 78.2-115.4 (43) 43.3-73.6 (48)
MeantSD 41.9+4.6 99.8+8.0 84.2+5.1°

S Range 23-47 (21) 55.7-98.1 (63) 26.5-90.8 (214)
Mean+SD 37.8+5.5° 79.0+8.9° 59.5:1:9.7d

1) Difference is insignificant at 5% level between a and a, but significant
between b and ¢ (P<0.05); a and b (P<0.01); a and c, b and d, ¢ and d
(P<0.001) by Mann-fhitney U-tst.

2) Obtained from the rearing of bees at the same condition in 1985, except
for S.

Table 4 Comparison of time required for one foraging trip among
3 different-sized females of Osmia cornifrons.

Size of _Mean time for one foraging trip (min) N
fexales April May Days Females Trips
Middle Late Early Middle Late total

L 4.2 4.8 4.8 8.3 4.2 4.9 3 21 441
M 3.5 4.3 3.9 4.8 - 4.1 4 14 415

S 5.3 54 1.4 6.1 5.6 5.9° 7 11 274

1) Data based on observations between 9:00 and 15:00 on fine days.
2) Difference is significant between a and b (P<0.05); a and ¢ (P<0.01);
b and ¢ (P<0.001) by Mann-¥hitney U-test.
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2-5. ZEHILL BN F OB ERIEN
EBRETHHBSE2Z2HAVIBHBEORATF EHFRAEAO A ZOEBREEE
(ventral scopa; B THK »2{EMZ2EMIT 21 DOREIZBEEL &
23, NEOTBREBRIBBOZLACUBELTE LLBEGELTVAME
5) COZEREHBORAF M & XTEME (pollen load) 2B L T b
ZOBEBBREVESCERTORVI EE2FRBT 5, —H. 1 200K
HF*FofRcET2RERABBEFTELLE IS, BANFOHBMEA

TrEEHEmMIsENHBELEL (KB6),

Fig. 5 Abdominal sterna of fresh (above) and senile (below) females
of Osmia cornifrons showing hairs on ventral scopa. 30 x scann-
ing electron micrograph.
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2-8. A20@F Y4 XL BAYM PO

SCHRUTRIMAMRELLAKRBIORACIMEEE d/NBOBGKT
DAFETCHRBD SN, LHAL, TORTCHRIEOLDTEL, EEZJIRD
bhliholt (5),

Table 5 Comparison of mortality among 3 different-sized adults
of Osmia cornjfrons kept at 5 ‘C for three months.

Sex Size of offspring Wet weight (mg) Mortality (¥) N

L 85.0-94.3 0.0 1
Male X 60.0-84.9 0.0 21
S 22.1-59.9 2.8 289

L 85.0-113.8 0.0 41

Female H 60.0-84.9 0.0 131
s 18.3-59.9 7.5 87

1) Difference is insignificant at 5% level between a and b by
Fisher’'s exact probability test.

3. FPEVAFIANRFOARRAONZBEMTEH & ZXEBHE

FEUYNFINFOEBRETIMEARIEFTDL . —MBH 2T oM
B, 1938)y A O\K, 1989; iy, 1990) R B o & (FiH, 1973;
Bl o LA, 197TDRDVTOBMEBBENRD I RBER Y, T XRORET
BT 2ITB ARSI Sugivra(199D) R F D TiT» oo ERBI B
3420694 X LRRBREMIELOBEKER., BloRkBEL RS 2HRL
50iABRTe, RETHORM L TRRS,
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3-1. A2OEHMITECILILNE—BNETE
ANVEREBETCOINEVYNINFOTRAOBEHTEBHRZI —0 9 NEED
EUNFANFO 1, Anthidium manicatum(Severinghaus et al., 1881)

DENEBERUL TV, REOF RI3A. manicatun2 MO BRE(A.

banningense, Jaycox, 1967; A. maculosum, Alcock, 1980; Alcock et
al., 1977a) t Rk, HAEEHERELOF Y VY —2FHETSFY Y
— 2 R (territorial males)& 7 ) PV —REBALTCXEROBEZHEIET
Y b Y —#Z(non-territorial males)iKKH &t BTy b EVAFA
FOARAOEMITBIR DWW THNRSB,
NPo—ARARESRATEROEZR 2PN LTI, Hakh
DIeDDRNY Y IRALEZMZBH T IROERMERAL» 5 BR &
v, RAZT—2RBIRER[AUALERZBD O hofte AR/ b D
— VRAR, R BER2T -, 1050 OBKY O
FEFYV P —AZRRATERM LT, 7Y Y PY—42TR2TITER i
Us 79— 20HTERIBBIEF) PV —A2REBLTCHERRESH»
5 72 (P<0.05, £6)o O LHEELYBTHREZHROLDOT X
VE—fofttic Ny FTRORTERFHOBEE SFA TS LI S,
AE®KOFNIKTRIAG LEZESL KBRS, N be—VRHF O+ 2
BHBOLRZHCALDICHBRESRBELRIEE - TRERE L o (R
8 OBV NFANFEHTCREDUA R DHREONABRLOI FIEHE
HE2FALTKRBE I3 LHEShTvwE R, XBCREBEHE LTEEL
DHEBRTIEAMRENTH o KERPRDOD L EVYANFARFOFRARE
HEHBIETCEEHLOAKZRSL LY. MALRFIHINEEHLTEHBE2Y
HZOMMMEIE TV, KB O ERMIX1-758 (16.5115.3, n=228) T,
KRB EHEIL A0 (grooming) 2ITHT & ddH - 1o
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Table 6 Frequency of each behavioral incident displayed by males in Anthidjum
septemspinosum during a total ten-min period observations.

Male behavior Patch 1-4 Patch 5
Owners (N=87) Owners (N=28) Non-owners (N=25) U-test

Flower visiting 144.8%£47.4 85.6+34.6 64.61+30.6 P<0.05
Perch & rest 1.3+£3.2 4.3%+4.1 2.913.6 N.S.
Successful

copulation 2.6x1.7 3.3+1.4 1.4+£1.2 P<0.001

Interaction with
other males 1.5£1.8 2.0x1.9 2.6x1.2 N.S.

1) Values are given by mean * SD.
2) N indicates the number of ten-min period observations.

3-2. REfH
AARBAZRRATIENLN BRI ZEBHRERD LG A NNY VY
IRALRZBABENROEBRL, AZARPBTELIBERICKEL, A RAEB AR
DLERBEOAREB L, ﬁ%lt§6¥E%(abdominal projections) CHF
OBEBEEBOPRMEZBLVELIME SO, FRRAMIANGRS B s
MACERBEZAHVTAZOMARCEE 2T EPL KNV, REBE
(courtship)P DA 2 BHAVAEEZEHMNICIRB I, PHEEBRHTAZE
HARABBROIEELHATCHZER L, LML, BIHZY R AZOH
BUEHCEMTE LB YTRo TR, —BORBEELK I AR
¥4 5 VEEDA. florentinum(Batra, 1978) Rk, MioREL2HY
TAZRDBEMERCYVFRENOB2TANBH S €/, RERO AR
A2LOHBERELNTRHMCEBORET T, RFORERMIT-228 &
. RBRAZIMMERRLIETHRTUE, PEVYAFAFOARR
RRUTROIMULEL TR ZOEI Ny FCREEHZ2HEMLL, A2 &
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ZRE#®IA. naculosum(Alcock et al., 19772) THEINTWV B &I R
BAZRHNTBHA—FRAZLEL{TDHEL - T

3-3. FYV b Y —ZF ROBHTH
FUM)—ARBBEOT ) b)Y —HTHEZOSVEEAS IR NL
D= VRAET oo AARAALEBRULENOEETZMARAOFY b
Y —=ADBRBHRBALRL, NP a— A RAPOF Y + )V —A2B3MMDOA A D
BAZBRHMTZLETEPLHFINTITREL, ChE2HBRLEI &L
COEiHMEE - CHFOKRZM I LRI . ERTBI2ZUE
ABOFY MY —A2RB B EBOTY PV ARV, RETEZE
L7 EFYV PV —A2BLELEMAZROFY VY —HABALTH
CE3RERINM Cho0A 2 CRERRIDLHEZBVWCELE
BALT
AHOBAAROBARBIHAL L RBEONH»SFY PV —DOFE-HY 2H
BELABEAERELEL, TOLINAZARERTHEZZI T T CERY
XoBholk, TOEIBAZRRZRTFY P —FRLBARA(air-butting
contest) 21T » oo WARAR A ZAMNHABBE TV V)V —HZ2FIT I
NFERCHBLCHON IR TR FBITHO 1 BTdb 5 (Eickwort,
1977, {£A& K, 1978, 1980; Alcock et al., 1977a; Severinghaus et
al., 1981) PEVYANFANFTHXNER O A+ 2N LHEME X & 7B
MBBRBTCRREEREPABVERZONBPR I, TOM. @A 2R
REVWREGHOHDZOF EHMBABTIEI LD I . HARAMNE
BINKVK2DDF Y PV —TCREOEHERF) PV —OFFEEMRAN
Bbofte RTREBED1HlERLE, ) M) —OFiFHZEDO A
ZRBEDOMBETIETY P —ARLEBZD dd2VEMOT Y b)Y —%F
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SHEHDOVTFIhHhZBERTZ20TRB VI EHEI SN T,

Table 7 Samples of field notes of major behavioral incidents observed

between intruder and owner in Anthidium septemspinosum at patches
3 and 4 (July 27).

Time Behaviors observed

10:45-50 A large unmarked male entered patches 3 and 4 (owner, M8)
and expelled M8, but no direct interaction between the
intruder and the owner was observed. (It was observed
that the intruder appeared at patch 2 and performed
air-butting contest twice with the owner of patch 2,
M1, just before arrival at patches 3 and 4.

11:11 The marked intruder (MB) flew away from Patch 4.
A lerge intruder (MS) visited patch 4, but left soon.

11:15 The previous owner, M8, returned to patch 4.

11:20 MS appeared again at patch 4 and briefly chased M8.
M9 then took over patches 3 and 4. M8 was forced to
leave, but returned soon and thereafter remained
as 8 non-owner.

11:23 M6 appeared at patches 3 and 4, where he remained.

11:28 M6 engaged in an air-butting contest briefly with M8,
and returned to patch 4 immediately.

11:30 M3 left patches 3 and 4. M6 took over these patches.

11:33-36 M6 darted at 2 different non-owners.
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3-4. 3EF YV b Y —F 2R OEHITE

PEVUANFNFRUCA. maculosum(Alcock et al., 1977a) & A. manica-
tum(Severinghaus et al., 1981)DIF EF YV bV —F 23O A2ADF Y b
Y-HABALTARZERT DI LEHRBEINRTVWE, bEVATF AT
DHERMREKZ—RERAT 53 HMMES o7, ThBFI PY—42
CLOEBETEBINIRIADEERINDG, COEIBFYV Y —3
AEORFRIFEOHEBIBIET Y VY — A XARBREREZT - BHOMERD S
BEITDRBMENTVR, THDE, 7Y NI —AROREEFOF IR
81.0£25.4cu(N=13) K > L DR UKL T, TV bV —42020E

Table 8 Attendance and disappearance in 18 marked non-territorial males of
Anthidium septemspinosum at patches 1-4 between July 19 and August 9.

Bee code Date of No. of days No. of days of
(Head width, mm) observation nales actually successful male
observed copulation

M8 (4.70) July 19-July 27 (8 days)
M8 (5.00) July 27

M10 (4.60) July 22-Aug 7 (17 days) 1
M1l (4.40) July 19

Mi2 (4.70) July 19

M13 (4.90) July 18

M14 (4.50) July 19

M15 (4.75)  July 18

M16 (4.85) July 20

N17 (4.35) July 22

M18 (4.385) July 22-July 27 (6 days)
M19 (4.60) July 28

M20 C ? ) July 30

M21 (4.75)  July 25

M22 (5.05) July 25

M23 (4.00) Aug 6

M24 (4.45)  Aug B-Aug 9 (4 days)

M25 (4.75)  Aug 6-Aug 9 (4 days)

DN D) M e =t et et P et e bt et pea e e P = DN
O OO0 0O OO0 OO0 OOOC O ™OoTN

M8 and M10 took over terrltor& and copulated with females,
but data {s not included.
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57.8113.0cm(N=13) 2 HE T {EH» - /= (Mann-Whitney U-tet, P<0.05), [E
BuERR. AREFOE SRSV THRBDLAL(FY +Y—2 R 53.3
+4.5 cm, N=9, JEF Y U —A 2 26.5%£83.4 cm, N=4; P<0.01),

Ny Fl—ATRATELBEOFI IV —F2055 TRHRE
REDHLEORNS, M0, RUHISDOIIET, M8 L HIORZhDIS B LS
HE & 2HRMOF ) b)Y —A2B8BELLEFY VY —2—EBHRREHF L,
ZOMRBDRREBN Lo ThEDFRABRDOBLED2HU LD
TRI—=F YV bP)—ABAEZERVEBELTCOERREBEBLTCWE (£8),

3-5. AROREBW By A A LRERYE L OBaEHY

e e v NFxNFH(Alcock et al., 1977a; Severinghaus et al.,
198)CTWEN VMY —F2ARFEF VMY —F 2LV —-BRARTHSLH
HFEINTV3E, AI—BRACBEVTRBOFIZDAENRTY b)Y —DB#EED
REBI, BORBRHRYERZ2ERTEB3ILRBREDEVAFIANF2EBL2ED
TEOBRETCHEMND 5 (Thornhill & Alcock, 1983), 775 L. A.
manicatunTid\ FEFV P —AFAXORBRIL(A R LOoHEBRIKI LH®
AREENEBOUEIOFMNRTFIV P —AZ0ZNLDBHERRAEVEL
3 (Severinghaus et al., 1981); FPEVYANAFARF TR, 7Y b Y—F 2N
FEFIV PV —ARLVARHCH2EMMBRBOIONT) PROVEH A4 X
REFEMOEL LT Y M) —OFREN EEHECEBELTCWB I &N H»
Kbhi,

Ny FETRAEMMR, SEOF) PV —ARELIMEOIFEFY +Y—
AZOHBRMRBBEINRILN, COIBDF Y +Y—F AM28IIM29D K
o TERADSGIEFY b Y —73‘212:24 vF L, ChoDfEE2HRR
FUVMY—AREFETY M) —F2HORBHERME2HBE LA E T
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20 -
Males sampled on flowers

X=4M
N =131

&
(= =]
]

Territorial males
X=4.89
N=43

Percentages (%)

20 4

4.0 4.12 4.l4 4.6 4.8 5.0 5.2
Head width (mm)

Fig. 7 Proportional distributions of the head widths of Anthidium

septeaspinosum males randoaly sampled on flowers (above) and that of
territorial males (below).

5, MEOMRAEBBVYREDON LA (FY FY—#2 15.3%
2.5%, n=91; 7V bV —2 2R 16.612.8%, n=27; Mann-¥hitney
U-test, P>0.05), ChiEXN LT, REBRNERKEIZ7T VYV —A20H
ERHLATH o7 (X9). THDE, 7YV MY —F20 2 LOHEB
EH(RPOL), RUEZNLL A 2T 2ZRRBATEE(B) & RZRKYEH
OBy WFNBEF Y MY —AR0Zh B LTHRRS, o . T,
A2ZEOEBEBIHEED 3 REBRDKRC/NDS 5 VI RERTERIKICLHD B
TRENEC/BRBELTS, 7YV Y —AROFMREFY F) —42 &Y
bHERIE» - .
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PEDO#HERZ AR (FRIOKBERIEN TN T I3HOBEBRLKFL
TREENBIL2RRT 3, TITIVEANRFMT sHOBEHR
COBREBBOBESEREELRETHPZHL MR T H DT, M26ZK
TROAZAOAEGELHBZDLEHEEL, ABELOFTRATFHRHLVO
BOBRBLEHXERDE Y L OHMELZRFT L, TOHR HEOD
WRERBEWEOHEBHMNED 5 1 (Y=0.022X-2.0203, r=0.9300). HOH
BERAZTFRORERIEORECEABEENZ IO LNRB - &V 2
BRI (HI4BBH),

REBHRAREBENECRETHEELZHAL IR T 2 HNT, N8R F Y b
Y—CEFTV MY -OBBRERR LULARORERGTEY L REREK
PHBLTHL, ZOHE PRVFIVIPI—A20LEDHRFVRE
BRYE2Boh 3T EHRHPELL(ER),

4., VEUNFIARFRABONBZBORE LA H & OMEY

-1, BHEABEGBEOEBRERUHMBEORK
HMEARBSIZI2BANAFOERRERZ. BEFEY LB M2+ HEBL
TR ERERBMULTEDLOTRFTHote IRTORBNFREBLZHRTL
fm8H28HZCEHEB LI, LI L, EHEHOHBERRIZ, —HoRT
40y V4 Zonitis japonicaDHFLEMNE h o (BHFLEBEOUNEG
21.80)DTHEIVRFLEBVAR, - T,
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4-2. HERFIOFAE. RENLVOFFBRRAVCHELOKRRMNER L Ru D
Je i VR PP
EVAFAFEBIEAUCUAFIAFRIBT 3+ Y F & Megachile),
¥ =7 B (Chalicodoma)\ ¥ Y NF 5@ (Osmia)\ HoplitisfB7 & &
Ru-TC BRORURAZROERH AOfR A Z0BEEH2EET 5.
WhwB s eROUESIE LB ERMENTY B (Krombein, 1967;

Stephen et al., 1969), EEDSEHOHEBT I E VNI NFOHET S E
AUCRESHTHRCLA2RRBLL, RAOKENINZRRERTE:
AEDERBED S B, ¢ s ROBEIERLIEDO(BEARDIEL)INIH
TLEDOBLEEI%ELED 2o —H SHUIIRE, ¢ RIGH, ¢ s RI2H
THofte ROSORHUDOBEHEFB—BR AZOHREN o DT, &K
Bboe vy "FAFHERIUAHBERBREEZEX SN (K8),

100~

s

&n=37

50

Cumulative % for emergence

| ] L]
vil.23 viila viii.8
Date of emergence

Fig. 8 Cumulative percentages for cmergences of male and female

Anthidjum scptemspinosua.
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BAFREENRZBEEASFXORKESLTEL L, RIOWIIERIE R
ELRIBBINVOFERLULOBBNLEMLEZR L. ZRISHEHN
BEBY, BAINLVOFEHRRIEBRFAR DR >THHE L, gty Th
CHIBELCRDI VOB IPRBBEINLREL2ZHELERFL-5XK
B2BUE. RBREAZANRBIERBRB SN,

4-3. BEHMPOENMBOEL
RIORBZAINFOBEALAKECLTCRKDI PV EVANFARFORD
DOENBOBEEMNRE/LERLE, FBEOHS -V OENKRI < AR
FOZEREIVHSHRDE D o Tte FEOBAFR A INFRILRTIE
BREEVKH(AaNF0 25U 22 2 TCEHOBEREL2EML. BF
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Fig. 8 Relationship between the maternal body size and the primary

sex ratio in the Ist nest of Anthidium septemspinosua.
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Fig. 10 Relationship between the maternal body size and the investment

ratio in males in the Ist nest of Anthidium scptemspinosus.
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Fig. 11  Abdominal sterna of fresh (above) and senile (below) females
of Anthidium septemspinosum showing hairs on ventral scopa. 30 x scanning
electron micrograph.
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Fig. 12 Relationship between the bee age and the number of pollen loads

brought into one cell in Anthidium septemspinosua (r=-0.561, P>0.05).
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13 Relationship between the maternal body size and the fecundity

Osmia cornifrons.
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N dTrivers & Willard(1973)DHHEF LR ELKEHLTW 3,

) R

BEAFOREBOLRIMNTCHLDOEBE 2NV —(BOKHESEH) 2 i
DFRANBBEIESTXIBELZINXEBARARER (natural selection) /L
TEHEENATCOZOHELZHDTERIELLEVWR 3,

Table 12 Features of the parental investment and sex allocation systems
in Osmia cornifrons and Anthidium septemspinosum.

[tem

Osmia

Anthidium

Offspring allo-
cation among
nests

Sex dis-
tribution in
each nest

Sexual
dimorphism

Temporal change
of parental
investment

Temporal change
of sex allocation

Sex allocation
relating to the
maternal body
size

Dividing offspring into up
to 7 nests

Basically composing a single
series of £ ¢ type

Females are usually larger
than males

Both sexes gradually
decrease

Gradually inclines toward

males

Inclines toward males
as the size decreases

same, but into up to §
nests

Basically composing a single
series of ¢ 2 type

Males are usually larger
than females

Same, but more decreases
for males

Gradually inclines toward

females

Inclines toward females
as the size decreases
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EEINIAREERR V. MNOAZROFEEELHO PR T I, B
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Mok L CHEHEMOBECE 2 HLBRHTIO0REAHTEYV, LithkoT, &
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Fig. 14 Relationship between the amount of parentsl investment for
a single son and the maximua mating ability of sons in Anthidium
septeaspinosus (r=0.953, P<0.001). Open circles show males who
solely adopt non-territorial tactic, solid circles, those solely
adopt territorial one, and star-mark, a male who adopts both
non-territorial and territorial tactics.
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FPEVYNTFAFTR, BOREBENNRLEIBAT S 2LO/NYD F X FH
PEREBIRBOAZAFHRINCBRERHITI2EEHNELE S & Mo
Ty BANFREBOCOLBEXMBRIELBRALT 2o TR/NEOA 2
ODEBEDRYBIENTRIBREINZ, Iy Kl HBEORVEHBTTH
i, RBRBEIEXxORBOA 2 (¥4 Xy)2nlB4EET S5 L0 RXERRY
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