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Abstract To compare the phenology and life cycle patterns of a halictine bee, La-
sioglossum (Evylaeus) duplex in Matsue (N 35°25, alt. 170 m), southwestern dis-
trict, with those in Sapporo (N 43°03’, alt. 17. 2 m, Sakagami et al., 1958—1981) and
Rifu-cho, near Sendai (N 38°15’, alt. 38.9 m, Goéukon et al., 1986), northern Japan,
the rearing of bees was conducted in a bee bed in a roofed cage in Matsue in 1985
and 1986. A slight phenological shift was observed. However, the life cycle pattern
did not differ among the 3 populations, 2 brood periods (a spring solitary phase
(P,) and a summer social phase (Ps)), which consists of 7 life cycle phases. P, and
P; began sooner in Matsue than in Sapporo and Sendai in 1985, but this trait was
not so clear in 1986. The nest structure was not basically different among the 3 popu-
lations; however, the depths of summer cell clusters and hibernacula were the shal-
lowest in Matsue, presumably reflecting a difference of the soil temperatures based
on the latitudinal gradient. The number of cell clusters/nest in the summer social
phase was the largest in Sendai and followed Matsue. An increase of the head widths
of queens and workers occurred, according to the decrease of the latitude. This trait
was remarkable in workers. The mean percentage ratio of the head size difference
(100X (1-H./H,)) between queen (H,) and workers (H.) in the same nest was
6.12 in Sapporo, 2.45 Sendai and —0.47 in Matsue, suggesting less differentiation
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of the castes in Matsue than those in Sapporo and Sendai, but this assumption was

not proved due to insufficient data on the ovarian development of workers in the

present study.

Key words : Sociality, Differentiation of caste, life cycle pattern, climate, nest struc-

ture, size of adults, halictine bee, Lasioglossum

F—T =8 AR, A —A ML, REEM, Eof, mRot X, an

FNF, aANFNF)E

EUBHIC

R F A 2NFINF Lasioglossum (Evylaeus) du-

plex (Dalla Torre) 1%, HARED INFNFHDL
PTIRILERET, HAZIZOA LTV 2%
WHETH S (CFIE, 1989). L2 L, ity
RIRAEL TV BHMDH 5. AREIZE 1 LED
BHAAMT, BEEESIEHECHG SN, KIEEE
WATEICHBENS., FEHHERITIL L 72E S
B L SN e BT 2 AR TESRAICIE, BEOE
BiC & b % ) MRS LR TS 5.
HAEOHSHHEICOWTRLE, LToLD
MG BIA B B, Lasioglossum (Evylaeus) calcea-
tum (Scopoli) &, AtHEEDFHOEFEETIZI —
Ty NER CEMHSHETH 505, EEDODH 5 IR
TIZHMM: & 7 5 (Sakagami and Munakata,
1972). = NVandgNF L. (E.) affine (Smith)
T, WWEHALTER H AR O Clddb H R DB
ML BRECEHESNLZIT TR, IESh
HIGEH O F S O ESMR L/ LT 5
ZEDHISENTWDS  (Sakagami et al., 1982 ; BiH
5, K33, =V A4aantNF L. (E.) apris-
tum (Vachal) 1, THFFH RO CIIHNLE
2 o0FE % b DEHAMETH 555, LR
TTIEHMEETH S 2 LTRSS N TS (Miya-
naga et al., 1999). YEEDOHESMMETY, RO X
I REEBIA D 5. Halictus ligatus Say &, JLKD
FEHRFRTREAREO/N S an = — 2K
50, BAETIIREZan = —255ESH,
WAL % 345 (Michener & Bennett,
1977). 2 A% ) hED L. (Dialictus) umbripenne
(Ellis) &, A & K76 o TR R <
3, ZHCHEZERNEEOMES AN S
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(Eickwort and Eickwort, 1971 ; Wille and Orozco,
1970 ; Michener, 1974). bk L7225 O#HEH)
&, HERVEO I NFNTEHOETERIZIE, Mgy
EREEBRNH L L2 RIBLTWVAS,

K7 FAanFoNF (LT, K75 4) OiEH)
M EHRMHRIZOWTIE, LHEADKRD 2 ODH
1, dbiEALNETT bR 43 B 03 4, 1255 17.2m)
EEWIEAIAT (b 38 JE 1547, #ZE 38.9m)
TEEM 2201223 5 5% (Sakagami et al., 1958, 1960,
1961, 1968, 1984; Goukon et al., 1986), THRFHAT
DOWMFEIEETH L. FE LI, THEHALILH
RIZBIT DA A OEBOIEELT) 72012,
EAREAAYLHT (Jbif 35 % 2547, 15 170m) 128
WA Z NI L CEE21T o720 DT,
ZOREREMET 5.

M B LUHE
YIS BT 5K 7 74 ORI % AL T
CIBETOZI G L, HISMAEZS 212
57200, FHll, FTROTEEIIFAIGI
Goukon et al. (1986) ZfE-7-.

1. BEALEHAE

FFEIE, 1985 4F & 1986 4F AL TG IIEEAT 12 &
5 BIRKFHENOREPEENO FIHIHEEE
DO/NIEE (I 0 2.0m; £E 13.0m; &S :2.0
m, Fig.1, LIF, #WELIPHT5H) 2%ELT,
Z IS EARBETHALZE =~y b (I 1.64
m;EE:1.60m; 5HE 0.50m, Fig.2) #ikl)T
To7z. E—=y FRNIZIE, M ApfE L 7okt
BOIHaH—I1CE Oz, KRBT 6 # AT
BT T AF vy IO BEEED D), TIED



PR HARIC BT 2527 54 INFNFOAHE

BYBEAPRND LT L. 72, pFA—%—
DRkE L7z, TIEFIC6 KD/, TEREODIAAT,
VEIIL LTI IO KREFEALTHELZES L
72, HEAOE =y bR, BEFE L
T, EEHOMBT LI, Ry MEzICL7z& 13
TE YRR, FE AR, HT, Ly, NEYUY,
INVTF Y, A= 7O —=)N— AT atr,
JAEA, JaAVYF¥r, <7k ERHRENIC
TonErfia L.

1985 SEDEERI IV 2R 7 54 OBLAE LI,
BRI E AR NT C AR O B ICEIR L CRERR
L7z, WMEEE® 1985 4E1%, Mkt T % 3 H 22
A (B EaAEE 144) 4 H 30 (55) @2
b7z, WENICHEBNRE L2, 2o O
kD55, 3A2HDOS3EEE 4 A3HD IR
I ENFIEZ S 2 L L. Lzh-s
T, WEEAREUEET 137 MR & 22 5 72, 1985 4RI
B U 7oA FACiE, SEAG & MER T IC 5 1
BHIZA~—27% (Fig.6), 2 RHEIEEYY 7 ~<—
JERFNFNR L. 2RO E b, BB E
LEDFHRTHILT—H—FhEL DT 1 X%
DB %AT ) 728, AN mAEZ 128k L 72—
DA E O FENE % JlE L 7-.

1986 FEDEERT b, RELFIIEATICMA AL T &
FOBICHEHT 2T -7 — L OBNEEHICT LD
72912, 4 A2 A5 15 HF TOMIC 66 k% &
R L TENS O E R EE IR~ — 2 %
B L7z, [RIFRRICHEIE S Wl L7z, £72, MEL D
Sakagami and Hayashida (1968) ZfHE\ADRFEEE
(BEENEIE 1-5) & RFHOERE (W 1-5), &5
VR L 72RO IR B NE RIS B 2 AR D K
MEOFER L TBRABREIKE, V01—, HikEn3
FEOBBNHL 7220 1FIC D, WAEE L AR
PEAR E BB S CTEE SN 2D KT H
I 2 S 22T A 72012, HENTHE
EEORMPOMEETESL LTS ML TR
~—7 %L,

2. HEERAOHE & EDERE

FIIZIL e (Fig.3) MRS T LIS,
HOopc@LFEsaftLize=4 1 DfLxsIT
172 (Fig.4). a/NFNFHETIE, NFASEBR
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FHEE % L 2 VWENFS W0, BEEZ 2T CHE
WHOBEZ1T-oTh, EERICOVWTZOHDIE
B I & BRI DI & DO H R TIHFER T & W,
Sakagami (1977) =ML T, HI1&ZDREAD
L OIRER Fig. 7 1R & 9 (ST #R Crokd
52 LT, BHEMIHEEOAHE L Bk x g
L7z, Bt oFRFHIIHPIZH L. LHFERD
I, O, 0, C, CaikEHE Lz 72721,
JAFE DD AR TIZ 05 & Gl &b T %
Mol 05 04 & Cs, Cip Cous DYEHARIC D720
W L 7o A IR E AR B F 7 e & LA 13
M, WO MIEEOIEERTE GrLvwt
BEDBMDSH B W, LT — 2SS N5
IZiE, ZNENOFRELEFTOEI,ICH, JMEL
RL7HE LTEALEA L, 48, 1985 4T
X, BMEH>OEEL#TSEZ1IHI8HET
Oz, WHAZH S HEE TOMIC 1~$&R19)
L7z, F72, 1986 i3z fLBIAA A 2 & BIEHE T H
DIH21HEFTHICHAL L9 1ATo72 132D,
4R & b 4GB R b o3 H OIS D S FRATEE 0
WHOALE, BT & MEHE OB o 3
HERAHREZREERL 7.

AT AL, Goukon et al. (1986, 1987) 1ZHit
WV, RO TR L. BRI, fEL
TEARBARDIEB D5 & #b ) &R Ik % R
L7z TlsAl (P @ BAED OB IO
ORI E T), FWEMEAE (P A HL
FOEILFGED b BINEB O I T T), AiEHA
WA (P, : BABZTOREINEEIO IR S T —
H—DESNEBOREE T), EYEAArA P
7 =71 — DFINEB DRGNP ST £ T), HEW
ANEEHE (P T — 5 — DEINEE O T 2 5P
HoWMBE ), HEIKEM (P FHkhonE
SIS ET), WA (P PR OWIH 5 BUE
DOBEBLEOHRHET). IS DO DH)
EFEICHOORMOMBERIIC & o 7278, #H
DB L ARENEEI D H o 72 HOEE, L
RN ONEOFEE RN &S MBhe 2 E 4t
L7.

TG OHERS L IR L DK T A % B
LI B0, FURT, BT ERILTOF
RIFEBIRIE 2 RO 72, |/ 2 B D F 15 1d Goukon
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Bee bed and foundress of Lasioglossum duplex. 1-Cage covered the bee bed. 2-Bee bed placed in a
cage, supplied with various flowering plants throughout the nesting period of the bees.

the bee bed at summer social phase. 4-Aggregation of nests marked with numbered tags. 5-Trap capsule covered

on the entrance of nest to capture adults as they emerged from it. 6-Foundress marked with paint on frons and tho-
rax, foraging on flower of Erigeron annuus.

Figs.1-6.

3-Two tumuluses formed on

etal. (1986) X VBIM L7, BEHAHELZOMHR 7 (Fig.5, R F A0 T— A %iEo72K >
13 Fig. 8 HicEdilk L7z, By 7 (S 3.5em ; KA D 4.5cm)) EH

BH7- DT —5—, A LFLToHIBEER T, MELBEELHELL. R hy TOK
%, ZnoomBREEEHEHL 2T 720, FEOHIERIIIIMEA MM O Y = — 51 TEEE
AT IAEEA & R E IS ICHE O F T v SHC, TOTHe MR ORITIZHALZ. B
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CENCIEHE LT S ETE WL ) 1T/ %
BTz, Moy FTHETE Lho ik
BCTHEEIRIML THS I Lt.meiov
A - BEAAEEIC N T v T o0s, B
LoTRELTLIMEICHEL L 2nbDbh o7z,
FEOFHmHEIL, WEEZ D L ICEH L, s
FEZEdBBRErEE LR E L. B
B SHANICE - THHEOPMR ST, HED
TR S M2 2 o 72 B % R BRI EIAHIC B
BEEHE & Lo, BREMANEEAH & & TR 2SR A
TIEIH R AT O % Bl CHIRT 525, 1985 4T
WERODOROSHBRICHER TE R o 7280 -
7z (44.3%, 27/61). TNSDOHELMIE, B
HALSMAH T OEE) H %05 13 HEREE OBV HEK
TOD VLD O QMR DEENRD LT,
L72hoC, BMEASHME TGS HEA 13 H
DTORIIR- T, HEMICZOMTRESI N
bOE AL L7 —F, 1986 FIEHE M EA VA
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Fig.7. State of the nest entrance of Lasioglossum du-
plex to determine the activity of bees in nests (referred
in Sakagami, 1977). O:: Entrance is surrounded by
fresh loose soil mass (tumulus), and left open; Ci:
Ditto, but closed by fresh loose soil; Oz Entrance is sur-
rounded by conical-shaped soil mass, and left open;
C.: Ditto, but closed by fresh loose soil; Os: Entrance
is surrounded with a slightly heaped hard soil mass,
and left open; Cs: Ditto, but closed by hard soil; Ou:
Around entrance is flat and the entrance is left open,
but irregular shaped; Ca: Ditto, but kept closing. Oz..:
Entrance is the same as in O, but buried with hard soil
beneath the entrance. Those nests with Oi, Oz, Ci, and
C. show the active phase, whereas those nests with
O3, Cs, Os4, Cs and O:.4 are the inactive phase or aban-
doned. Os and Cs were rarer in the cage, because of
no effect by rain and wind.

DERZFEL720T, RHNOIRUL 5RO
HMBLOFREZMERR L7z, EFEEAHICERZ <, 5
L 7ZRICB VTR A RE S NTCRED 72 70 o
72 DITHEER & L7z, BEOFfROREETIE
MEMAEEHIC BT EEILER L I E L
7273, BEMIEAL RV TR RGBT OREER
e, ZOMTHRIELIEBERINLIZb D% B,
el

3. BROY (X, ROWEE,
WMEDFETERE ML

7ZFE, T—Hh—LtF A0} 4 XITHIFTIoFE X
7. R FALIIBWTIE, HEMEAETIEE
DBEEWIT 12T TH 5H, EMELEMEMHED

ZFIUT 1 FE 7 Z2ND B2 s S (Sakagami
and Hayashida, 1960). SOJIEERA OFEEIZY 72
0, HROEMIHIELTELTLEEZLNS
BEWE EOBRSEE R L. 1I2120, FFE
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(K UhoOff - ES -ES) dillELz. FE
DL, BOPSLZORIKEHETE L7z, 47
L72FEhi% DR T, REOILETRESHE.
FEMAEER, SN TEREZ R L T WHE
(RFLARAN) T, ZOESIIHFEHMORIELR
T L7z, EEMAAHMETIE, REIEEE
BENCH—FRE BB SN, ZOMTIZTR
TOBFREWORERE TOERIZME L.
Bd7- ) OFEHIE, HFHHEMERN & F A
SO KD 72, 72720, FRYIHMEEAT
LR L2, BB ST, B
FHRAOH IR K EOB RS T 5 H
T _CEHOX R E L7z, LzdS>T, ThiZ
BEEPETHEINEILEIN TS, L
ML, WHEDERED L -72ROFE L IFAF
TEEIND 720 o 723 BEREIIEHIA SRR L7z,
BEIAEEIM TR LR b, BRI E MR
B ABEEROES & ZNEBRT 5 HEEN
HHBR AR C X 72 BISET O S & L 72,
WREOLRIL, BNFOFEEOFEEZ DT
BIWL7T-TRTOELGLRE LT, FREYHMMEAH
EEMEMAMEMIIRD . BERNOFRE %
UL, ZONEWEHBA L. EFELL) - B
RIIIRTREELIDERR LK. T2, Z20F
BETH, PHMPEBEOBREICEREINTRE 00
WBEEPFAE LR D, BERBAEITMEL 7
bDLHIR LT

PEHIE, BHHIHRIER & BB AT IC B W
THM L7 HE2 O L2 T T, #h
SO EHS ML TH AL THFR L, [
2, SNSOWBIOIMEE S Rl L7z, T
T L T BRI S HBI T & 72 0T, PEHER
ATz 7=,

4. ERERELT—H—DOER

YL 72H T, BN TFOFEOEEEZ AL
72, BNFOIAREORGAITERE L L7, BT
FRENTEZE, T—h— e HRFIIZTHOERE
WO PIZLC. WO EATA FT T A5
HTHAN=TFZATHLEL THTOA T Rk
L7z, 7= —DENOHFEL, LB T
33 DINE/NE N O ZEFIN L OIREE 2> & HEW L

CEK B WA
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72 (Kurihara et al., 1980). 6 ARKDYIHE/NEPH D
FERIN AL O FE - BILESDRD X 9 IZXK 57
LT, TNODELTRHEFHILA. T @ aigp
FIERON, 1 JRETERN, 10 @ pe#hgl, IV @ 5%
BOB, 17 1250 R0, I @ I 56 DR L
gy, M : WA 5 o8, 2o JIEHO
3%, I, I, NV, OWFnrz4ags L Twv a1
R& R REfR & Az L7z,

BREER
MLIZBIUT 287 74 OEREEIZ IV 72 ALIR
HEiaH TOERNE, T Goukon et al.
(1986) 2L 4. 2D DI NTHRES
, @AROERETIHL %h o7z,

1. HEEBHEDEAR

1985 4F- & 1986 4F12B1F % 7 DDA T A ORI
(& Table 1 1R L7z, F2ALIRT B L MG ICH
FAENS EDEIL, Fig.8IZ/R L. 22T
&, MEOKMOMBRIIEFY AT, F22
DY HE CRiR T 5.
1.1. 1985 FEDOFER
FHNHMPA - KA OBl 4 A FHTH -
7. 3 22HE 4 A 2 B L& B L ED
ZefLiE, DA LB ALORBI N, W
WA AR OBA L FIX, 54 HETOREYHE
b7z HEEY 2R L7z, BEEUE 132 125
L7z, WHEAEAREAS 137 B CTH o722 Eh 5
ExBE, INHSO—HIZIIMELEIETEINS
EEZOND. RAOFENI 3 H 31 HIcBigEsh
7208, LIES L RPFofEs e EchEr &
BONHIML -7z, AMOMEIZ 29 A TH -7,
BIEMIAIEEIA | AAROBREERIE 5 H BT,
ZFOMEIT 41 HECTH o7, 6 H7THIZHH L7
S5DEATIE, TTITIHLLZT = —HFTEL
2. BEWAORTULOMKIZOWTHE L/ L
AZhH, ENLORLHIMIZ6 A8H~17H (9
HE) THhotz. FAREFEEN T D o7 L
L, WMENTEA A% 6 H 12 HICWRTE 7.
BHHMEAIT L A ADEFEES N2 IR 5.
B AN - A OB 6 A iy,
FOMEIE 45 HEITH - 7z, KfHoOWMPIIZ, &
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Table 1. Duration in days of 7 life cycle phases observed in Lasioglossum duplex liberated in the cage.

Year Phase” First and last (Mean=+SD)? N Range” Mean +SD? N

1985 P 23/iii —4/v  (7/iv*£11) 132 7—63 29.1+9.5 85*
P, 19/iv —31/v  (6/v=%10) 77 16—71 40.9+8.0 T7**
P, 4/vi —2/vii - (15/viE8) 69*** 14—81 45.4+17.6 69***
P, 26/vi —28/viii  (30/vii*£16) 69*** 5—85 39.3+17.8 33xxx
Ps 28/vii—13/x  (14/ix£17) 33*xx* 1—65 15.9+14.2 33rxxx
Ps o/viii—24/x  (29/ix+18) 33**** — ca 190

1986 P, 26/iii —15/iv  (7/iv£5) 66 — ca 17
P, 7/iv —11/v  (24/iv£7) 83 2—35 14.6+5.9 65*
P, 3/v —18/v  (8/v*4) 24** 31—50 44.7+3.6 24**
P; 18/vi —27/vi  (22/vi£2) 24*** 5—44 32.2+90.1 24%**
P, 23/vi —4/vili  (23/vii£10) 24¥¥x* 6—51 22.34+12.3 11¥***
P; 27/vii—4/ix  (21/viii£13) 12%*** — —

YReferred Goukon et al. (1986). P,: Post-overwintering phase; P:: Spring solitary phase; P.: Pre-summer inactive phase;
5. Summer social phase; P, : Post-summer inactive phase; P; : Autumn mating phase; Ps : Overwintering phase.

?The first and last date of the beginning of each phase are shown. Abandoned nests mean that they produced no offspring.
*Excluded those nests which were abandoned at P.. **Excluded those nests which were abandoned at P; and excavated
at P.. ***Excluded those nests which were abandoned at P, and Ps, and excavated at P.. ****Those nest for which rele-
vant data were available to examine.

FomBE L HEICBE SN, BRETIEIRL, B A D RO FIGRNIZ 9 HER T, BEOB
CHEECH-72. T—h—ORMEKIE7TH2H B FEORB E TOMEIZK 190 HETH o 7-.
\CHEER S N7z, EHEMSHAHICBWT, T—h— Lo L, BEILF T CTICBAIC A 2K
ORBFIZE B EEDNE 1HE (EFS 133) & 1, 19854 TIE8 H 1 HE 3 HICHIE L8 ¥
Hotz. TOHIZ6H16HL2SI8SHETHIH D) HO 4 ETE I EESFER I ThHo
BIANTOH A DSFERR S N722%, FOHRITELZ HEORRESNTHELTD ) b, B&ILFICHFEL
BBHS N2 F £ T, BRITkESI N, TERIE TR TR CTh -7z, T2, I %
BREMATEEIAE | AAOFIERINIL 7 AR T, GOIEHTED 6% (14/25) BTN b OFEHH

ZOHMIZ39 HITH o7z, EHEA AT % DR TETIIZL T T STz, Laho
BIARIEEAIC N T T2 2 CHAE LR 8 3 T, EBRORIIRBIIZREL L% TL, FikxFid
BT AHZE 18 fHE) oWHHIE, 7TH24H RISz HEASOHAD 2V ELT, #
»H59H14H (52 HME), +A GME) N L F R ZCEAEHZ L TnbEEILNS,
X7HI0H259H9H G1HM) THot. 1.2. 1986 FEDHER

EHIAREEIACIE, ko 1986 EICBWVT O HRA BB AR OBIREHIZ 4 AT, 20
WZIEDIER T =7 =3 E L T dh o7z, RIS 17 A CTh o 7z, B p TS, S
FINZE R - AAH O BARE 9 AT, £ PO HBBRICHEE B, TSR 2 2GS 5
OMEIL 16 HETH - 72, HEITE IO S EWVWz L, IO, 4HTH»S5H11H
HAMSHE COMBTROTEDT, EbHT (34 HIH) FTHEBEIL7-. ZOMICTHEEY 0 bH
O THo72, ZOHEIDL, HEHNTO s 82 fH1cE L7z,

F AL FEOBEEE N TR B F A FH R AR & A EIIATEEIA | A B IEAR
Thh., TNTEAE, FADFNIZTH24 H~ ORI 4 A TAT, 2O 15 HETH -
9H17H (55 HH), HikFEoZFNF7H22H~ 7z, 1985 4EIIFIRFRT PE DB L EH 3 H T
9H26H (66 M) THoto. WMk b&boDT WefR L7z, 1986 4F ClIi& A& £ix 3 H TR
EHRIZ b7z o TREIDBR S . WCHHEHLTWS, IJIZRBYICH > 72120 2 hdb
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591985 FIT AT, FEILBAMAREAS 1 A
OIS 0 TH o 72, 1985 FESFED o 72 JFH A
WX, F84E L A E A KIS Lz 2 &
255 L, FHIHEMMEAHOKERRIE, 1985
FELIZIFABEHOS AL Th oo e b ER
% &, 1986 4F- O FR M) HUMAAE o 1] AT AR 1 B AGIRE
HoERLEEEELTWDLEEZONL. FEHR
HHHORGRIE 5 A AT, 2045 H
BTHotz. FIEDOZTNS LIZIZFRHT, »2
FHiMCTh o7z, BIEMAEEMHFDO5 H30HE
31 HICEHA7T HA R L2, 2D ) b 39HTIIH
EWASHEIE Lz, SR T —%— (64 1K)
HA6HTH»S6H22H (15AM) FTIg, iz
F A (3MEfE) RHAD12HA»5 18 H (6 HH)
FTITIME L7z, BRI, WENTIEA A1L6
H2l HiIZ 1P shsz. 2ok, TH4H
FCICFIS BB EMEL -2 2/l Zh
LOF A, EASUMTERE SN/ 4 AME
ENZTH2HETIIEEZN Lz, EEHS
BANZ BN CTABTH LD AP EE SN &
7% 5.

EHEA SV & REMIAGENAH | EHEES
RO BAGREE 6 A TET, 2Ok 32 0
Thorz. BBREIIEREOZNE LTH 7TH
[ <, MR 13 HM b Er o7, —F, BE
IR OGS 7 AT, BiELD D
KTHRL, MBI ITHE L Er -7, BEY
ANEBAHORHIGR O R £ 0 13, EHEH S
DM D o - HEME N B,

FRACREAAAH & MAAH - BRI 2R R AR O BRG S 14
8HTHT, ZOMMIIH2 HETHo7-. TH
2THICTHIZEY PLA2MT vy FCHIML 28k
T (26 k) AR B2k 1k, #hEnTH
22H0~9H17H GLHM) &£7H29H~9H 10
H (43 HIE) (22 ZITHB L7, B L7z 24
BEOFLED ) b 6 T/ L Tz, 7TH
27 HEAET 25.0% 2555 L T2 &l b, Bk
WMo, R L7ZREL D SEr o7
BEMAFEH L EHE L T8 HTHITH o7z,
DHIENE, 1985 4F & [AIFRIZ BT OB FFE R S 3K
Db DOTHDH, FEEOWENIIBITH A A LW
ZEOWMRAIEFNENRTALHE8AILHAT, 9
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A 21 B+ A5 10 ik & Hile £25 1 ko
BAEDEE SN2, ZOEP K RAHOKEH
LWz b, ZO%, 923 HICETRTOEELE
LT, EBART S, BAHOBGEII
MEL BIZIEFFCIHKTH - 7.

1986 - Tld, KFEDBREIIATEEIMIZ, /72—
WAL RMICT TICEALLELD L B b
T, 7 F 29 HICERENEB) ARG L T\ 5 B
OB GHE) BdHorz. INHORETIE, KFEO
T —H =D A 7T HIZIZ@EHEZ B &R0,
WBEOT—H—ORMEIA 1 BIBgEL. F
72, TL—ETHHLEZOLNDHLTEDOREED
SH16H259H 18 H T TOMICEE Sz, 1985

EIZYH, 1EEOFH L LEORZ 8 H 27 HICE%E
LTWwWh, INSOHXTEORENED L ) 2 E

ZEHOOPIEHSPIITE R 72,

AL BT 2 KEEBHE 20 OHIIZO W
TRZE, MO EEIZIZIL B AROAL &AL
BHOZENL MO b ho
72, 1985 4ECld, 3 O DEEIH (GREAHPEA,
B EA S, BARRM) @) bRk
e EMBEARMAORIGIE, IR ICBIT54
WREEIRE OB L KL T, BEORETIEY,
FAHDSR AT L7z, L, 1985 4E & 1986 4F &
TIRAEWEEREICITEACERT L o72120
B 59, 1986 4ETIE 1985 4F 1T L FRIIHARVER &
I EAT SMAMAR T 2 @IS Cld o 72,
AT, WL ST TR O B
FRADSIEE AR ZNS L) % DN, 22DH
EHIAGENAE & S EIIAEE LB R D2 o
L0 O EIMLT 2 EmsHHEECH -7 (Fig.8). F
7o, FAAZCRAN S PR AR Tl WiGEhiRE, R
CHkBES 2 2 LICRRLT, XbodTIZEHMIC
T A?2. ALBETH ALET T, 3 DB OB
HiZZzh 2ot & b R OB S B o
50% HTHRDSNT WA, F7z, HHIHMEHHO
BTG H I KT IRENTWS (Goukon et al.,
1986). 44 5L, HEIH OB HIXE OO/
RO LERETHL ML, &SRO
HOFYTRDOTWAS (Table 1). Zh s 0FdE
LEHEOMEDEHLKAHEH L LT L00
DHNT W,
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Fig.8. Comparison of seasonal changes in duration of active periods, according to the thermal conditions in Sapporo,
Sendai and Matsue. Three active periods (P, Ps and Ps) in Matsue was adopted, the result of 1986 (Table 1), but
those in Sapporo and Sendai were of expressed by adopting 50% level of open nests as an index, mean duration
(Goukon et al ., 1986). Effective accumulative temperature was conveniently calculated from T=ZXt (t is mean air tem-
perature in month i, when t > 10). Subtraction of 10°C was made based upon the concentration of the developmen-
tal zero of many insects around this level (Uchida, 1957).

HIRR BT B AR DR % L 72
THM L-HHS TV INFANFTHHMOHENT
W5, TR AW R T, dbHARDERT b
HE 39 B 42 4, 1 155m) LR B L, RIS
o U CISEH ISR (g s . 72, mEilo
BAANTG B 2 0 A 72T S ML 2 WG EN T o s
B cld, w2754 LEU3ME (M- =
S —RREM) THEOIXF LT, BWILHT
135 ] (HREAR B 513 Pt S — B kA
—BAE R — R KR bhH D E S
NTwz (AL, RHER).

2. BOERE
FETZEFLEEIL, 1985 4ETId 13248, 1986 T
1 83 TH o7z, FIJHAH & FIIBEAT A O
2 DDOIGEIHIC BT 2 H ORI, Table 212 %
Lo/, WENTIE, WA - FEEREUZIZE A
EHIE L h ol THEREL T, Eoffhis
FZEDbOTEDP->7. ZhTh, FHHMMEH
(1985 413 64.4%, 1986 4E1% 78.3%) Ti¥, EiH
FALSPARNC A TR AR ME A 2SR T d -
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7. EHEAHAMATIIME L D 2% bdH o7,
FIHEMMEATE, BELELHL 2L TV
W, ZOMTIE, BEILLAEERSEENEDT
FEEROHEDLEHERIL Table 2 DFEL D b PREHW
DTIE W LIENEINS.

Sakagami (1977) (ZdbifiiE 2 ERERGEN (L
W) 12BWnT, BODORE (N—N, D4 2THK
R) REICLTHRZ VA DREOEREEZFEL T

Table 2. Survival rate of nests in Lasioglossum duplex.
Year Phase” Number of nests (%)
1985 P, 857/132  (64.4)

P 69" /75" (92.0)
1986 P, 65/83 (78.3)
P, 24°/26"  (92.3)

USee table note 1) in Table 1.

“The number of nests excluded those abandoned at P,/
total number of nests found at Pi.

“The number of nests in which nesting activity were ob-
served at Ps;, but excluded those abandoned at Ps.
“Those nests excavated at P, and abandoned at P, were
excluded from the initial number of nests examined,
132 in 1985 and 83 in 1986.
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Wh, FIUCK B &, FEHHEMEANC BT S 25.5%
DHRPBEI BT THERL, S51260.5% ¢
AFEH — A NDEEE TR LZE L, HFHHM
PEMAAETG L D ) B TR EHOE VI TH 2
ELTWwaS., EHESOMEOMRET, FHERE
S B 2O THIBM OILERIE T E v,

3. REOY X, EOBE, BEH, YEOLERF
FLMHE
3.1, REOYAX
1985 4F- & 1986 4E 12 B\ CTHIE N TR H 7= —
2 N BIOFANEIZ Table 312, F 728K E, 7—
71— LK OEIROEL A X Fig. 9 ICZ2 N Eh
R L7z, 1985 4R ICHE L 72 FIHFNT JE OB c T
DOFENE (P EEERZ) 1, 2.46%0.10mm (Ta-
ble 3HDT—=<HFDIV) THolz. ZDEITH
BNTHEEINHZEDOY A4 X (2.43%0. 12mm,
V) X, P EOBAZLEDEN LIZIZFE
T, BEEIBEOON o7 (p>0.05, t—H

St EK

BE— - WA R

E). Fig.9% @2 &, 1986 I8 BH L LEDE
WROHEEE S ATIRILIE 1985 4EDZ 6 LHAPL T
72 ZHISKH LT, T—A—Tid 1986 4 (XI) T
1Z19854E (VD) (ZHATHA RICHEBELRERDH -
72 (p<0.05, t—H5E). 7 — B — OHEIEDHEE S
D, ZoEAERm s HEEICER TV, 1986
EOMILTREDT —H —I%, (iEmE XVID 4L
RHE XIX) OFhs &KL THEICRET
Ho7z (p<0.05, t—HE). EHHIOLLEDH A
ARAEE, AiETd XV) TH (X) > AL
(XVIID), F727—H—0FhiE, #ILH (XD >l
A (XVID >HLigd (XIX) <, EfTEzRz
NEEEDDH -7 (p<0.05, Bonferroni D% E
). AREREETCIE, BT T — 7 —OKEULAR
bz, Z &L, T—A—TIZZFDMEEHEEE T
Hoiz.

Table 4 (21%, 3#IRICBIT B E—HEHNDLE L
T—=Hh =D 4 X7 (100 - 1—7 —H — O FHIE
(Ho)/ZFEoHEIE (H)) OWESfiERLz. &

Table 3. Head width (mm) of adult females in various cohorts of Lasioglossum duplex. "

Cohort Mean+SD N CV(%)
Matsue 1 Overwintered queens” 2.46=%0.10 62 4.1
1985 1I Spring queens 2.50+0.05 5 2.0
111 Summer queens 2.45+0.08 10 3.3
v Queens (I+II-+11I) 2.46%0.10 77 4.1
A% Autumn new queens 2.43+0.12 25 4.9
VI Workers 2.45=%0.07 50 2.9
Matsue VII Spring queens 2.51+0.09 71 3.6
1986 VIl Summer queens 2.40+0.08 6 3.3
IX Queens (VII+VIII) 2.50+0.10 77 4.0
X Autumn new queens 2.46+0.13 66 5.3
XI Workers 2.50%0.11 65 4.4
Sendai” XII Spring queens 2.53£0.07 258 2.9
XIII Spring old queens” 2.54+0.10 16 3.8
X1v Summer queens 2.47%0.08 46 3.3
XV Queens (XII-+XIII+XIV) 2.52+0.08 304 3.1
XVI Autumn new queens 2.52+0.08 137 3.0
XVII Workers 2.43+0.08 161 3.5
Sapporo” XVIII Queens 2.33+0.12 455 5.0
XIX Workers 2.20£0.10 417 4.4

YSignificant difference was obtained between VI and XI (p<0.05, t-test), among X/XV/XVIII, and among XI/XVII/
XIX (p<0.05, by multiple comparison test, Bonferroni).

“Born at Rifu-cho, Miyagi Pref. in 1984.
YCited from Goukon et al. (1986).
YBorn the year before last.
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Fig.9. Frequency distributions of head widths in queens and workers of Lasioglossum duplex in Matsue. Roman nu-
merals in the parentheses correspond to those in Table 3.

Table 4. Frequency distribution of percentage head width difference between queen (Hgq)
and workers (Hw) in the same nest of Lasioglossum duplex.

No. of cases (percentage)

Size difference

100 - (1—H./H,) Matsue Sendai” Sapporo”
1985 1986
30.0—25.1 1 (0.5)
25.0—20.1 1 (0.5)
20.0—15.1 1 (1.0) 8 (4.2)
15.0—10.1 1 (4.3) 1 (1.0) 30 (15.2)
10.0—5.1 1 (4.3) 4 (7.8) 28 (28.6) 74 (39.3)
5.0—0.1 16 (69.6) 12 (23.5) 39 (39.8) 50 (26.4)
—0.0——4.9 5 (21.7) 29 (56.9) 24 (24.5) 20 (10.6)
—5.0——9.9 6 (11.8) 5 (5.1) 5 (2.6)
No. of workers 23 51 98 189
No. of queens 6 19 37 70
Mean % ratio 2.74 —0.47 2.45 6.12

UCited from Goéukon et al. (1986).
?Cited from Sakagami and Hayashida (1968).

OFEIE, 19854, 1986 4E & b 7 — 1 — D KAAL
L TR & o 72, R 24EHICY
724 1986 4E T, Z OMHAASHIED 1985 4F & 1
b—RBHECH- /2. KELT—H—HOHI A X
FEOFHEGRL TR S &, BT (6.12) >l
M (2.45) >R (—0.47) DIETH 57z,
%, I B W T — 7 — O KRBT
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ZHOPEEEN, BLAOLTO A — A ML,
B CIIRE VNI AR LTV,

F AR R OGENE (FAWIZRAHICHIE) 1, 1985
£ T3 2.2940. 16mm (N=141), 19864ETI32.48
+0.07mm (N=44) THo7:. WEHTITHEES
RO LNT (p<0.05, t(—HE). FAICBWT
b, A XHT1986 4 TId 1985 4E L 0 b HEAATD
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Ry (e

BT T, ArEEH LB L, BE
BHET 22 EPRESNTNE, ZoLE (XI)
3, BIEOZN (XV) L) (R KETHD (Ta
ble 3). ML TIE, 2FHICHERE LTIk
BTE Lol

1D Y < b XY INFINTF Certaina japon-
ica Cockerell T¥, ZODEIZEE L7 A ZAHSHik
AT HIENMONT VS, ThbiE, IO
i A ZZHRTIE B KRR T (Sakagami and
Maeta, 1977), BEIEBIEREASEL KT 5
(Sakagami and Maeta, 1985).

3.2 BOBELEH -V DEER

HEOREARME I, I CEARYIITRE 2%
BRI o7z, BEPHMEATHERINTEREOF
L HH B S CTIER SN ZEOF R T
RS Tz, ILTIE 1985 4E & 1986 4E L b,
FHHEMMEAHO B TIIALBR & ALE & FRRICERER
12T TH o7z, MELZHE L TRILHIZBW
Tid, BEMEMSHMHORE CIIEEREIIRA S
fiiC, H—FREHE b ORIIEEDH54.8% TH -

BE— - WA R

7z, 7z, WiAEEE U CEMERAMM TR, 31
HEO)BbERIEETIHE-FRE2L2b D04
HhHo7z, ErOHBOBERIIOVWTHLE, F
BUEIALIRT CldR KT 3 M, H—0REAIRFE
(87.0%) TH 5. BT TIERAIMT, H—H
7526.8% TH 5 (Goukon et al., 1986). #HH7-1
DERBLEBERHEOMELS, BRHEOBEIE
NELFREW 1~2MHOERE) Ok THSNT
WA Z EDTRIEBEINTWS (Goukon et al., 1986).
TS BT 2 BRI & EIOYE S 1 Table 5137~
L7z, MEEZRRL TR, BERLERICBT
LEFEEBORERS L, WHEE D 1986 4£Tid 1985
LY DHRREL, EMEEFTEOES &M
MIZBWTHEEERZO LN (p<0.05, t—H
). TOMEIMIBEESMAICS FENL TS (Fig.
10). NLHTIREREROFESIZ, BO2SFER
DB E TOERBEFHFETUE SN TS, I
it LC, AW SMIATICBWTIEO»SOF
BHOEIIE, EIHSIFITKFEICRE LEEHR
WCEDSBHEBE COREFHRCERRINTNS.
Lo L, HfLEBREEORERORE S I1ZITIZFE

Table 5. Measurement values (mm) of various parts of nests and the number of brood cells
in the spring solitary phase and summer social phase in Lasioglossum duplex. "
Part 1985 1986
Range Mean+SD N Range Mean+SD N
Spring solitary phase
Depth of main burrow” 110—200 143+33 6 50—155 90+19 28
Depth of spring cell clusters” 70—115 95+13 13 50—105 81+11 60
Size of spring brood cells
Diameter of constricted mouth — — 3.2—3.8 3.47+0.19 46
Height of brood cells — — 5.6—6.8 6.27+0.26 72
Length of brood cells — — 10.2—12.8  11.53%0.79 51
Total no. of brood cells” 2—=7 5.0£1.7 5 1—6 3.7xt1.4 34
Summer social phase
Depth of main burrow” 220—440 360+69 8 100—320 213+63 21
Depth of summer cell clusters” 125—240 173+38 9 90—200 140+35 25
Total no. of brood cells” 2—13 5.6+3.4 9 2—21 9.2+5.0 24

YSignificant difference was obtained between the depth of main burrows in both spring and summer phases of 1985 and
1986, and the depth of cell clusters in both spring and summer phases of 1985 and 1986 (»<0.05, t-test).

“When main burrow was ramified, the deepest branch was measured.

YWhen more than 2 cell clusters were found, the shallowest one was used.

“Nests with queens were used and only provisioned cells were counted.

“Those nests with summer cell clusters were used, irrespective of presence or absence of queens and size of cell clus-
ters, but included neither pollen balls before oviposition nor empty cells.
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Fig.10. Frequency distributions of the depths of spring and summer clusters of Lasioglossum duplex in Matsue. The
distributions of spring clusters are single clusters, but summer ones included all shallow and deep clusters.

AT I AIRTT LB B 2 FHHE &
R, FHETRZNENE.41+2.54cm (N
=76) & 8.52%1.66cm (N=175), $7-E¥ (¥
BoBFE#EISHNL, HEODDOTHRE) TIEE
NZN 14.65+4.26cm (N=119) & 18.07+7.07
cm (N=58) & &NTWwWa, MHIEMTIIAEEE
BHEETERED LN TV RV, EETEIHEDS
NTw5b (Goukon et al., 1986). WALHTIX, £
H2MEHD 1986 ETIIAME L D bFFLEHE LD,
BRILOGES1ZE L & 2 EMHETH 572 (Ta
ble 5). 1986 FEOFREIMOE S, FHTIX 8.1+
1.lem (N=60), BHETIZ14.0+3.5cm (N=25)

THolz. FRMEMBETOENS LT, &
EEIIFRRIZBVWTIMEBMTIREO N Lo
72 (p>0.05, Anova). BEHIIOWTHZ L, AFE
FIIALIRT & OETIEFRD SN o 7225, AT
EDRITIEERD 57z (p<0.05, Bonferroni %
B, BRICBWTEREHMIAT T3l
LY BEL D0, HISEIZB B RO ER
ERBLLHRTHASS. LaL, isHLD D
E2 DI ORLHIZB VT, HEOFREHR
DFESPEL B HDIFHEICEDL R, FEHRO
RS OMIRE A RO BEEZ T IR T 5 & ik
W2 2\ (Goukon etal., 1986). BEDY A X1,

15 O 1985
W 1986
10
8 Spring cluster
8 5
Q
Gt
(=]
b
f‘é 1 234567
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5
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Fig.11. Frequency distributions of the number of cells in spring and summer nests of Lasioglossum duplex in Matsue,
both examined at the pre-summer inactive phase and post-summer inactive phase, respectively in Matsue. Only nests
with queens were examined in spring clusters, but both nests with queens and those without them were included in

summer clusters.
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FITHEEINDIEROT A X L IZEERTIE R
v, ILHIC BT 2 BREDOEE O KO E X
Table 5278k L7, Goukon etal. (1986) 12i%, #L
BT LB B 2 EBROFHEOT A XITOWT
WEFeal 2 v, ALIRTE T, KE2ZMEMA S
57213 CH% (Sakagami and Hayashida, 1960). 3
HWIFHE CTORELT) T LTS AW,

A EISALIR T SAIABTH TS o135 BT
THMCHBA L, BARITERICZ 22 TEILD
HitlZH)ET 5 (Goukon et al., 1986). WAVLH T
1, EELMICEEL TWRWOT, TRTEG
DHEALH THRAT 208 PIIAHTH S,
AL SIE, 1985 4F & 1986 4R 17T 10 HETRH
T&7: (Y HEHERS). BI4E Tl 38.14£5. 8mm
(N=17), #%%1318.44£6.0mm (N=11) Th -
7o, WHEMTIRAEESRO bz ($<0.05, t
—fsE). Rk L7-BEREHR L AR, 1986 4Tl
1985 4 £ 0 b 2 A EAIN D - 72, AIBETH &AL
BT IC BT B2 MALOE ST, FNE128.06+
10.82 (N=36) & 38.04+7.85 (N=488) T, %
ZTCIERIZE LD DAEZICEY (Goukon et al.,
1986). MEEMEFNIAE D MIRZALISHIE LT, ViR
HARTIIHMEAILIBFEROFES LAMICEL B 5
DD I\,

FREFRIIBILED ) OFEROFE+
W AlE, AL T 5. 08+1. 82 i (N=113)
& 13.47£7. 716 (N=107), 5T ClE5.66=+1.44
il (N=70) & 15.69+10.00 18 (N=48) T,
HEHE TIEHEEZED 2\ (Goukon et al., 1986).
LTS BT % ¥ R 1L, 1985 4:455.0
+1.7M8 (N=5) &£5.6+3.4M (N=9) T, 1986
F33. 711440 (N=34) £ 9.245.0MH (N=24)
Td o7z (Table 5). dLHARDZFNS & [E~5 EH
SN oz, FROCTEES B R KT
LTWa5H L, WIHICBITA2ERLEEROFR
RO AU Fig. 11 1R L7z, EHICBT
LA 2~21 HTH 5%, KRGS TA
BEDSVP RO TAWKETH 5. FIRTHCIRER
2B B AL, 3~41 8 (ARSI
T 7)), MEHICBT5FNIE4~4518 (F8
&) T % (Goukon etal. 1986, Fig.3). HHT
1, BICLoTT — 7 —BRimEs I 02 RIK
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&L, INERML THERBOMEESAiBA 3 #Hh
Wed, blko X ) IR#HPIC R, RS
P TR W, BHlo) 0FERIE, S d
FREICBWTIE 3 Mg TERS 2. HETYH
FHLTHA.

3.3. WEBOIFETE

WENTIE, WEMEEEFEERHUIFEL
Lotz REEDT ) O—FEDOEADOH A A
Hotz. TNHITWMERTH 7. PEOLLEIT
FTRTCHFERBETH - 72, PREOALFHIL, 1985
AL 1986 4F & D BRI, EEA AT &
b 8% LLET, &b THEHDo7- (Table 6). L
L, 1986 4 OFHEMUEAATIZZDORY TIE A
oz, BEE, BEEPEL-7-ZLIZH 5.
INHDRATIE, FEMIEFIC—E CHMEAFEL
TWEARPFEIINEY DHENAT -V Th ok,
HI N COMEBEHRICHVIEERNS 26 /-2
Lk .

Goukon et al. (1986) 1%, AFEHE & MEREHE 25
FCHIEIRIA R LI L T b, FRck b L, &
ERYREELRRREHROME RO ETERICE
DL (%) 1, MBETTIIREOFEIETIE
WREE L) S, BRTIIRAMNZESE 22
v, L CREHELBAT < 2VOT, 20
£ HERHIRO T v, @ISO Y YN
FNFHETRBENFPEOZT—FL, FEICH
A LCHELFREOMF2ERET 5. Y~ b
Y Y INFINTF Ceratina japonica Cockerell & F 74 ¥
X INFINF C flavipes Smith D 2 FEOMELREH T,
HRHEIER SN WEOPRSEAT 2K
ENHY, AEE LN D F 3 — 79§ Ascsophaera
sp. 12X BFETENE W (ATH, 2002).

3.4, Mk

1985 - ICFRIHHIRMAT D 5 B CHEE SN+ R
i3 0 (0/23) THo7z. 1986 £ L7242 B
IZBIF5F1130.0316 (3/95) T, FAWLERES
N7Z3EIIVTNOFETH 72, TDHb, 1
BT 7 = —bFBICEEISATHZ,. 320
2HRTIE, &I A VKR TH o7, 1985
FEOFEYHHEIMEMTIE, EBROFEHE L2 5K T
T ADEREITER SN Do 72D, B HATEE)
M b7y TEREOCHEE AT, THE G
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Table 6.

Mortality of immatures in the nests of Lasioglossum duplex.

Number of cells (%) No. of Date of
Year Phase”? Normal Dead Dead Dead nests excavation
individuals” larvae” prepupae pupae Total examined of nests
1985 P 25 (86.2) 4 (13.8) 29 (100) 6 June 7
P; 42 (91.3) 3 (6.5) 1 (2.2) 46 (100) 9 Aug.1 and 3
1986 P 68 (50.4) 39 (28.9) 6 (4.4) 22 (16.3) 135 (100) 37 May 30 and 31
P; 206 (93.6) 14 (6.4) 220 (100) 24 Aug. 17, Sept. 13, 18 and 23

USee table note 1) in Table 1.

“Included both nests with queens and those without them.
YIncluded normal immatures and adults, and those empty cells in which fecal pellets remained on the cell wall.
“Those cells in which pollen balls were moldy were regarded as brood killed by fungus.

-
—

B129) 5 2RO F ADOHIDFEE SNz
DEDOFNFIIFRKZHTH-72. T2, 6 12 H
ICIHEZE N T ADIFENBIEE S 7z, 1985 4ED
B HEMEATY, EbOTHRWENSF AN
HEENTZZ IR 5.

1985 - D E W ELAT AR T A E S 7z d A
0.0588 (2/34) THo7z. LirL, ZOEDEM
DHEIISEIT P T v TTHEETICAEE Of) %
L7zbDT, Larbsil 8@ H1H~3H)
DEP-7ZDT, KEDOFRETTICHEEL T
72, Bk ZIZIEME T2\, 1986 T,
BEHANEESHIC 7HRIZNT v TEDIT RIS,
INHEFMLI. TS DHED S5 S NZRTE
CIFOFTE THE SN A3 0.5385 (35/65)
T, HIIERee 4 A IEE L TWw iz,

Goukon et al. (1986) 2k 5L, AL &G
THTOFERIIBITALF ARIE, FiZETIE3.36%
(N=803), #%ETIZ4.79% (N=146) T 5.
—0, HEEIZBIF 5 ZNIEALERE T 56% (N
=368), & TIL66.8% (N=247) TH5.
HHCTONEICIAEEN D L. ZORKIE, il
B CTIRRZHDOT — 7 —DFEIN D 5 DTIE 7%
WHEHEII SN TWA, SHIEEIICB VT, A
FELLOMEND S D5, FETIIMERIE X R
W IR, FH T 2B 22t/
bh., TOHFEITIMIICHEL TV,

4. H2WE, BEBHEELT-H—-DER
bl &9z, ARG E AT B KA, A
7 &b 1985 AETIE, ARTLHT B\ TUIALIBE T & Al
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ALY R BHIAE SN, MR I3
Liro il HAEEE, ARE L METTiEeL
ML Thol. HABLSE71986 FOFEHTD
WA ZE CEAHAN) BRRTE 2o, iR
TTEMT, METTHHER I TV E»
LDEEIIBWTHAAEMNMIEEL VI LI, &
T 5L OO 1oz b (Goukon et al.,
1986).

ARG & A EIANTEE)AH (1986 4E Tl
KAEGHHZREHOS O) THMWLHIIBITS
MR OEG (BRE/ AR+ HSIEE) 13, 1985
FECTIEENENL6.7% (1/6) & 22.2% (2/9) T
otz T2, 19864ETIEIFNE110.5% (4/38)
& 83.3% (20/24) THho7z. 7, 1986 {EDT%
EIIATEENA & BAIZCRAICEIR L7224 D H &
6 HTIX, BNFIECHT, NS EIEIO N
3D SN T Wz, 1986 EDHEHIATHEIH &
HIZZRBAHIC BT, MEHSRITE D o 2RI 5
PIEAASE D > 722 L2 B, FiR L2 O
L, BANTOFEICERZ , B2 S OHK
HOEFEOEETHRT L TWE, Lzd-T, %
DIFRIIAREER LD 13252128\ (Table 2).

1985 fE ICH M EAT SVEMC 2 DOF TR (B
565,97) IChTy TENMTTINSLLHBT S
T — %L WMEISHELNLT - —
T RTHEET, IHEOFEILE L, Kk
WBFE LD o7, LA L, Goukonetal. (1986)
1, BEREETIET —h —OUIEIFEL, EIND
HN )BT L, FEMELSMHMHORESE IR
- EREICERE C, B LT = — 2
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L, NEFEETLEILEROONL LR
WEL TS, F72, ALBRH TIEE AL S A
DB, B - BIEEEO TR LT — A —
DENRA% bdHo7zb LTWE, INHLDFGEL
T2HREE S DT — B =57 & R B R WIRANTF B R
ELTD, WhwaRHZETHL LI TAhL
FTRETIELRWE L TW5S (Sakagami and Haya-
shida, 1968). Goukon et al. (1987) OED X9
12, BREHIAEEE & BEIsRAHICES LAl (B
Z1%) WETIIINREOBRILSH .S, #ERIZIER
A LT 2 EE TR O R RN ETZ RN (A
7—Y1) T, TL—EIEZEDBRII (Z7 -2

1’) 20 Thoiz. iz, HikETHRPIEA
T—YVITITL—ETAT =V I’ 7T =4l LT
Wiz KR OEERTIRIIFEIZRITEZ 52w
EERLTWA (Wigglesworth, 1936 ; Maeta et
al., 1993).

Goukon et al., (1986) (%, ALIETE & AL&THT O
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Tid 1) BEETREROEFEWF RN TR
SNBMEAAE N, 2) HIREZREICT S L, &
E, 79—t bW LY HKETHS, Bk
WN3) LEET =D —DOF A ZEDHIEAT LY /A
BVO3HEEHITTND, 512, 3) EH—A b
SAEDBES AR L, TOMMREL-LTDT —
A= TAHI L PO VDFEEA]) DFERKE
GolzbHfigx LTWwWab. ZOHERNE, THIEH
DT =N —DINEDIEEN Lo/ bl
FEINMUILwELTWAS, LaL, 1) 25%nssE
BR LY SHAEMERTHE L LT 5% 5%
LTwW5h,

LT T, HHEOFFEWE b OROH G134
WErs & 0 @ o725, MR EETldzhrorz.
¥/, WEET—F—D% 4 ZEIIMETH LD D
3PN o7z, A RIORILT OFA T,
BEHAMERHON - NI L2 B E b T
Dladrotz, T=h—DF A XL FNEDZRED
B I ORIIARRICTE 2o 7z, O
FNFHRTRONLZ LT LT =T —DF 1 XED
PrEER & AL & OME 12D TIE, Goéukon
et al. (1986) DXBOBIEN D L. K7 54125
FRLELT = — D A XD T DM
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