B W 2 it Acta Entomologica Sinica, September 2013, 56(9) : 1047 - 1054

A2 HY R 1T 0 0 32 B SR B
BED?, FER, FIE, RBE, L

(1. R R B, TR FH 4710035 2. h EBEBEsi BTSN, Sl fem R BeE s, Jbxt 100101)

E: K& Xylocopa EAEERIN—NEERE, FRMEREAHSHMEIRBEAFERE L, AXEHRTIE
EERAHERE B ST N RIS LRI BT R R . RN RN EEH 0 RERNRAD, &
BRI A A M BURES A —E MR R TEFEN R, FEEARGEMEREC- AN, R 2 8 55 IR
FIEETES, REXTEERT IR, 2RI NN [F b ) <7 AR B HA R KRR, HitSZ5H
AT P A AL, ERRIUOPMAE | WAL S bt AERER SR, EER-MEA
SMIARF WA TERT R, TEATECRME b, AR HEETE SN S AFAE b B A 18 I 32 B A1 - 4R ME 0 1) s AU AR IEE
HHEARRNEAT R . XSRS TRITEZBEFAENIT ALY ¥ BRAERE X, RNdA BT
BHRERK SR E A RIRER

K@ KM W BNTR; aSEME; IR SHfTA

FEHES: Q965 XERFRIRAS: A NXERS: 0454-6296(2013)09-1047-08

In-nest ethology and mating strategies of the carpenter bees Xylocopa
spp. ( Hymenoptera: Apidae)
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Abstract; Large carpenter bees (the genus Xylocopa) , as an important group of bees ( Apidae) , play an
important role in studying early stages of insect social evolution. This article reviewed the research
progress on nesting habits, social behaviors, and mating strategies of Xylocopa. Investigations in recent
years showed that nest architecture is linked to numerous life history elements including the distribution of
nesting events such as constructing cells and laying brood, brood size, provisioning efficiency, and
susceptibility to parasitism. Competition among conspecific females at nesting sites increases as the
population becomes larger, which is reflected by more intensive guarding of nests, especially during the
late spring and summer. Nest guarding is not only against conspecific females but also against other
species. This insect group presents the evolution tendency from solitary to eusociality, and exhibits
subsocial, communal, semisocial and eusocial forms. Xylocopa is found to be socially polymorphic with
both solitary and meta-social or semi-social nests in the same population. As for mating strategies, males
of carpenter bees display certain morphological characters, which are useful to attract females for mating,
and also have complex territorial behavior. These findings are not only important for us to understand
behavioral biology of carpenter bees, but also helpful for further exploration in the evolution process of
social bees.
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( Xylocopinae ) A # ji% ( Xylocopini ) K # J& Xylocopa
B RICHIGERR . ZEHEINTIE S 5AR B TR H
R AR ZH], AR K B, — K
£ 13 ~ 30 mm ( Minckley, 1998; 5 3% 1, 2000;
Michener, 2007) , Z%J&#)Fh 2t A BRSNS H
o3, B EESHERE MR X, DB
R HLIX . AT E gk A1 AR R A 33
AR 470 i, JRASERR )5 B IR Lestis FIRHR A
W J& Proxylocopa A W KRB K 2 ML B
(Michener, 2007 ; Ascher and Pickering, 2011) , &=
Fen (2000 ) 7 AR 73 AR BEJE | D5 e JE A iR
KREEJE 3 BTk, 10 E O R A
JRAMEIRAEE 2 & 14 N8 40 #, Hbh =
il ZH 20 f2f, 2 ARRAE TR
Proxylocopa 5 16 #fi( Michener, 2007 ) , & E 4% fx
%, B 12 # WA, EESAERERFEILEREX
(R4, 1983a, 1983b, 2000) , KRZeHR AT +
HERSN, HALARBETENAR P2 i ZEFF AT F
4 B ( Prager, 2008; Prager and Hunter, 2011;
Hannan et al., 2012) , REEBEYFZ, EEIJHE
%, AT M, LRRIEZAE; H 2R —FAR
e, BT R AN IR S R R A R T R I
AR ST R . AR A R R B RTEE R
| A AT I SEBC SR T T BT 9T ik R AT
THR,

1 REFHEIM

1.1 HFEAX

RIERHA R YR, =2 [F—F A R F,
BRI, FERA | BERRPH
B EIAAR, AR E R EAESORA R
GORSCRVF“ B S FIE A 3 FpRAL (R,
2000; Michener, 2007) , ZRIRA AT S = B 8
FHESATEEN, EE NS OM—DTmE
6] I D7 T AR USR5 — 7 [ A e A SR SR 2
AOLEME T &1 55— 4k S R =
(Gerling et al., 1989) , 7EH 25 I ZFF AT F AR
HARBEYE T HRA, WA KRETE Biluna
(Maeta et al., 1996 ) Fl Stenoxylocopa W.J& ( Hurd,
1978) ARG Z BONTENT TR 8, WA DR L
WA DATE H A AR B ST, ITER A MK AR
Xylocopa tranquebarorum FEFS % PR EH (W EHERE,
2009) ; X. artifex 7£35 %5 22 F} ( Velloziaceae ) 18 #) £

B EEF AT, XERIEE T RMARER
b B O A 52 R s 25 AT B 30888 ORE FR 1 #Y HE
(Silveira, 2002) , R CBIRER FENA
X, BEESENTES I EEN, ERMARPRE
K& ZH)E T A2 A, Vicidomini ( 1996 ) Fi
Prager(2008 ) #R1EH 33 PR R E N A, H
O FhAUE I SEEMFA 73 XA AP EL, X
ordinaria S NFEE ZHCNERA AT, DB
R BHWEE(RZENEA 4 10 3)
(Bernardino and Gaglianone, 2008) ; 2013 45 H %
BRI EENT R E VLPGHT < LR Y )1 B F5 4550 1 1 o 2
KR¥E X. rufipes RIERREHTHE], RIZAE
TERAR SR REEH LR D BORZ R 3
(BZENA 10 Mr30) WA REI(F30kER) , #
MRS AL 5 SR T B MR e Ak AT R
£ 5% (Vicidomini, 1996; Steen and Schwarz, 2000) ,
RI|ARETBELPHRE, FENA 1 m HAHSL
B SR, EE2NAEAEE(RHE, 20005
Gottlieb et al., 2005) ,

TEAEPIPERS B B SRS AR B, SR SR o A e
HF TR, WX
Gaglianone, 2008 ), X. pubescens ( Hogendoorn and
Velthuis, 1993, 1995), DA/ X. cearensis ( Viana et
al., 2002) % 0] IZEZFAE AT B ST, HUER
JEA R E R 1Z; X, virginica, X. ciliate 11 X.
artifex SERFEFAPRLEA —E & —1(Gerling et al.,
1989); X. abbreviata W 7E R\ FL B} #) Encholirium
spectabile 184 I 51 & ( Ramalho et al., 2004) , K&
FRKGI, ARYFEZREKR, FRMETE
BT A P SE, RIEM R RBAEEN, B
MER P ARBESEITEE, ZHOREN S RENE
g, XA RBEREMERHRITHN
(Camillo and Garéfalo, 1989) £ S B{ 5 3 H & i 1Y
443 A % (Gerling et al., 1989; Hogendoorn and
Velthuis 1993 ; Bernardino and Gaglianone, 2008) ,

AR SR IR —BL, M RTEh = ZEFF
W RTEARRAP R P S8, REETERREFEALE, 3
FA B , X TAEh S B ZEFFFAATF BRI A
B, TR OB TR BA, MESERT b S 5 3k SEAH
ERREOE, FADE MRS EE, 2R
o MEMA LRERALE, REOE, ZE—1
Has Iz £, FEEENBREE, FE
MEAR SARERMERNEX; EERKESHEH
KN B AR R, REEBG, HigEHD

ordinaria ( Bernardino and
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JETH M H A, BRI AL FR R A 0 A, FE 2
R BERRE ERE, DUPBBIK)Z (R,
2000) s AL EQRR 4 WA AR AR iC 8L 1, aE o
S FNCIZIRG B SR, (R R AL e 8% B A
EH O 'E (Hefetz et al., 1990; Hefetz, 1992) ,
TEREENT, RS EIN, Righ SR
BANE, KRR NI IR5C 3R i [R] — AR e i,
ERERIFEN Y, 8 kMR AIHE, —&
PEATIE S AR SR fE T, JHC o e U] & L 8 S0 SR
FI AR 7 1 8 (BER S, 2009) , ZERAR PR
HHARE X, virginica, TEF|FHE S0, KR EFEH
TG, STEIF R g B Al R 55 P 5 BE 8
K, SUETE L NIZH 89 EE A (Gerling and
Hermann, 1978) . &%, ARMEMERBETE R, TR, ™
YN, PSR ARUEESREEN LB B M4 — PR
G, STELOMERBARBEAE, REEHILE
FIE R - I IR S PR AR MR S 1, BLEERR
B WA S A T, G rPoREDRE 9 (M1 TR AE I, OB
F& ™ TET7ZE M ( Bernardino and Gaglianone, 2008 ; %%
F¥#HE, 2009) .
1.2 pHEITA
AR B — i 2o T 3 [ e i e (L3 S % R 7 B
M) FIRFLH B ( Gerling et al., 1983) 5 7EREFh
Kh, BRFAEEMRMBEZIN, BFR G ARBERH
FEHEERAZE, Laport F1 Minckley (2012) 4z 18 #H 1)
M- Megachile sculpturalis 13 5 AR ¥ X. virginica )
HE, ATRESXT X, virginica HIFPEEE 18 B .
B, 7R84, FEE A 8 7 R 4R Y Y
o, [ER R E ) IR R R S, RIEEXTRE
HISFHINGER , B 22 bR B [ 0 [R) o o e LA % LAt
HIRBARMETEE, RIPEERAEE EERB
ZRMERE AR I O, BT A C
WEEDRIPFREZE; SR REERT, 2
TER PR BT R RAN TER, ZERE NN
P IAE, KM R T AR -2, &
VM KIE7E S O, Al fP i B AT 8RB
FAEFR AR SRIETESL O, AP B A e 4 o o 04 B
M5 oA A 152 B 7 B 3 R T 19 () LR I
WML, — BASMNIARE, BT <4
X% ) 25 # ( Gerling et al., 1983 ; Hogendoorn and
Velthuis, 1995) , K X. pubescens E.F5 5 &4 M
MRS — T AUME I DA T S 3 PP AR Y
FRSFIE, RISETHIEAE RGN EENRK
SERUAM SR — M, X TR T 8

=, BILF AR @R (1) B3RS R,
Velthuis F Gerling(1983) W57 £ B, FEL MM R &
BT B MR MR M B M TE AR R M
[ ZEF AR, TEXFEN T, SRR My
FfERSEZHEY, S8 T ER AR &P HRE
YN FE4 ; {H Hogendoorn F1 Velthuis(1995) X X.
pubesecns IR MEME HISFIPAT ISR G5 R R W], HAF
PEIFRARIEZREY. (2)hEMATESR
Uho SLESFH AT BB PUFE Z5H 1 L S e e A b A3 52
PR Z 18], ZEXFEOL T, FR A
BOSFTESEZEAD, N T EEZE P RBMEMAL
(Hogendoorn and Leys, 1993), (3)#nicil A& O
B, AREIZIFREES, —MRESTERRIE K N BE R IR
BRARST WA AATRRIC , BREMRRN EE oA
LA REIER, B, 7ECBZAET, SRS
AR Z A O 2% ) 1] 8% SR (Gerling et al.,
1989 ; Hefetz et al., 1990) , (4) EEZL2BIL. N
By 1F 555 N EFE MR R B B s, TR
RN, FRp TR E RN TE, B
i[RI R e BEF B E U R KRIAR, RIERER L
4> (Hogendoorn and Velthuis, 1993)

2 KREHEANHSMETH

VAR MTIFR R, Ak 8N A AT AR
B2k, AR SR ORISR, B BIER—Fh
BhA 2 STE S

BT A I B A, S R R T ) 2
Hh, BEEETTIEA ERX ], INCHEE LR T,
I, BHARE . RIVER ., ORI E S E
FRARCES P SR 3 R Ml ST e R, — N R E R
G, AR S TE R — RENERN S — T HRE,
S AR EE, BFRAFRIBET &8, |
B BRBT R . TEHFIUBZAHT, Bk e 58 T 5L
CEH 8, R 7R Z B T il (Michener,
2007) o X TREAAARME, ZERFERFEHEIHER
BIG, dRESHMEELE TP Z B8 M AR
7% ( Gerling et al.,1981; Dunn and Richards, 2003) ;
TEL AP HURRIMERIR A M X, olivieri &M HE 1%
(Gottlieb et al., 2005)

B STEEERARKE, BISER —HONA 2
B RBURIERIAEE—E, BEATERAREZ R
MRRES, FERAR: FFRXR, HEKXR
FEHRFRGRANF MR, SHatR M,
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RERPFHEALS EWERX R, FERINT
#1421 (subsocial ) | 24t £ ( semisocial ) | T4
(communal ) F1 # %t & ¥ ( quasisocial ) % 17 N
(Velthuis and Gerling, 1983; Gerling et al., 1983;
Michener, 2007)

R EERIAE S ZNER R R A FE SN IR
HER (G ST B R IR 35 ) 15 i A Y
AEFERTE R R AR o AR SRR DY H B
RAVIESHR S0, ZESF S A& B I FF A
b2 [ (LA R HEAR A b ok i | BR AN TR0 W
ARGRANHAME) S FREHR, HFE—B
B A B A S R AR B B, SEFE W
IS BT, WL S B B S T
RE I MERE B E SR —%, AP R TESAE
HAFEER) TAE, X. sulcatipes F3FH A HE
FE TR LB U (Stark et al., 1990) o AR
HEEBIFZEE, HFEETRPMLZ AT dks
I AETE T3, HEER REEBIBIN, A
RIERN SRS, TR A5 76 H At S hE e 1
HEN, AH AR R TAE S SF 7 4 (Camillo
and Garéfalo, 1989; Stark et al., 1990; Hogendoorn
and Velthuis, 1999 ; Dunn and Richards, 2003 ; %
B 2011),

REER WAL MR, 5EMPIMEAE T
FPSARDL, AN R] )2 B e 2 sy 3P S AR
FERAZERE, HRAMFRZEAEMEAER
YIHASHAT . B TALSYEAETER X, pubescens
X, sulcatipes, FF1EZ K MEME VG TER —RE A,
SRS ME U [ S TERY FIAE R, BRTR ] I MR A1 8 2 1)
WRELE N RO, BN RIFESS AT N . EMEAT
R A RSP EORIT Y, H S SFigExs
EIEHFRA X (Gerling et al., 1983)

B SEAEE T FZE, AREEERE N AR
MR UE T R — AR, BRI IRE R, HE
MR- EEAD, EEENRE LR
BRI, HAbMESE RSN, AT T
fE. B ik B X
fraudulenta, X. suspecta, X. frontalis Fll X. pubescens
% 6 PR R A AL S MEA TETT N (Gerling et al.,
1983; Gerling et al., 1989; Camillo and Garéfalo,
1989)

BIAEMAE T, ER—MERNTF
TE 2 SKERZ Sk AU HE G, RSP M e R JR T ) — 1
R, A-TMREAD, FKZETIH 3 LK

carinata, X. sulcatipes, X.

T, 18 E R HAY, KBBREBECHESE, &
itk I =P F B & B9 4 = ( Camillo and Garofalo,
1989 ; Richards, 2011), X. frontalis, X. pubescens
N X. sulcatipes 3 Fp A Mg ELA A= A= 1 > M ( Gerling
et al., 1982, 1983),

B SR TR, EFR— RN
FATE 2 KBk Al — AU BUBHE B8, Rt 2 [E] C
FRMIFH LR T, 178 EWARFEAEEL, EAR
T AR 1 5 S A TE T3 2 [a] — AR A e
ISk EE A 4L FE IR AR MR, ORI S AU R
2, X. sulcatipes B HEAE &P A: 16 2 ( Gerling et
al., 1983) ,

3 AREEZEREE

3.1 BEERSIHITA

TE B P T3 T oAy B R AR M ) A T T BB IR 55
(Frankie et al., 1979) . A [F] A # Fh 3 H A2 Bic 5 =
AT K, £ 2[R —FP A [A] i e A~
IR T XSBAR, —RIEHRT, ik
WhETHLG , S7E L ZS 5] S W bl 2 Fn e, 3K
T NS0, 14 JEC b e 06 R G 5 1 () Al
W, FERRTECZET, M —MoE L 3 Foy X TR
B (1) e S B 0 A VR BT A S b 1
FHEsE, BB EE RS (2) i i TE ME TR B
W EZIPT, AnBT S s U YR M R E — B
], BRfEERmCERMHA, It EAWTES
P, DR A P A S0 ) oAt i e, B TR
VEGHAT 5 X, sulcatipes 37 531 13 5 2 YR P 30 ¢
TR b SRR S W6 ) B A 95 b R IR 5| E 4% ( Hefetz,
1983) ; (3) IR IE L I ~F P, XA A L SR s
WERR R oy B SR AR ML ( Frankie et al., 1979;
Gerling et al., 1989; Alcock, 1996; Leys et al.,
2000; Leys and Hogendoorn, 2008), X. darwini Hft
B AE — S AR TR AR B 7~ B A B YR AT 4 S
58 RACHL ; Sugiura(2008 ) #RIETE HA H AR5
X. ogasawarensis T ¥ 721515 H ¥ ¥ M #} Scaevola
sericea BFAEYIMT I E BT, MEMEEBEIE B T 7
-3 239 mm FEEIKE, AW ECE AR B B
TS, F 3 & K K2 i E 2 331 s, Leys
(2000 ) H2 18 W K FI .73 47 1) Lestis .J& X. aeratus
1 X. bombylans WiFh ARMEAEAZBLIRME R FHHI 7 =X
A, X. aeratus HEEE T AESHIAT N . SRS DAY
PRRTHAT Ty (e R A ) AR R IR AT o 3
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SR, 76 3 oy, A BT R
S SR RIR AT Ry TR MERE ;s T X, bombylans
e GE 1 JE BRI AT FHRME . X, micans
FHAPIMARRKZE RS, 723 -4 Ahy, HEEfER
JBE Wisteria macrostachys #1283 Cercis canadensis %
FEHHERY B C Wi, MET -8 Afy, M
KRR IR G AR 2720 EEARIM SRR G
R B S 25 0 9 53 A (] ( Mcauslane et
al., 1990) , X. virginica B 3= 575 M i 81 = [t
EHTIRGE, REREBER THEMRERZE 1 )EE
TR AR YT ( Barthell & Baird, 2004 )
3.2 MERERREHE

BILHAT, ©4F 16 WJE 38 F AR 3 AL
T RWER , &R IUA ST IC SR W A | B FEAHE 2
(8] B B B )i 4L 26 & (Vicidomini, 1997 ; Leys and
Hogendoorn, 2008 ) , 5 32 e 5K W& A 5% F) A e F) B
SRHEFER 3 DEIE, o5 =2 k& R
(Mesosomal gland ) f)R/IN . 2 HR B /7N gt e S5 750
B 1A {6 22 55 (Leys, 2000; Leys and Hogendoorn,
2008 ) . e 8 Jg B 4y WA AR B R T E B, Leys
(2000) WFoT 45 KW, X. aeratus Fl X. bombylans
PP A S AE AT T SR b >R 9 7 2CAS [ Y Ji R ] o
SHMEEER IR R XRER K, X, aeratus TR
MR/ NEGR AL, TT X, bombylans i i i iR L 5E
Riko MIRRAIEHIAR R ¥R IEFIRTHAT N
TR LR, MR T M R RE ) S kg
IR RE IR NE R, SHEMEARLL, AL
A e e B R S IR, X R ARALE X B YR st ~F T2
PR e AT M e R B B R R MR, G, SRR
REIMERE SRR FHAT HA K FLEARBEMA, M
HER TR 6, g BASHMEIE, SRR
BRI EARL, HhEE RS R % BB 0% X I e 1
S PR Y o v i i A R & AT R R
THFE, B AT E G U8 45 b 77 Ry Py e A AH 38 ( Leys,
2000; Leys and Hogendoorn, 2008) ,
3.3 ZECRYE

Y RZHORERRERA 3 RIPE. (1) K&
TEBRAC (PREI ) 408 [] 25 4 ] 0 A 90 1 s 7 —
5 (2) REEA (RER) FMEEERSEHT; (3) 22
TiC N TR — i8¢ S A 7 M e T SR R ST 22 I M B ST 95
#2ZJ5, U0 X. virginica Fl1 X. pubescens 32 B Byt [A] 3=
BAEHZ AT (Gerling et al., 1989) . 7ESZHECIHE],
e W TR E RO OLE AT 4 R | SRR e
A, £2E - KXRNEFFE NN B

(Alcock, 1996; Paxton, 2005) ., #F3EF:HH, AR&7E
[Fi] — 3t DX 45 B 6] 52 BC I ) 22 AE AN K, X — 4R & A 1
IR, —E5T0 1 R ; ZHECI K ETEBRA M
HEAR BAP 78 E 32 2 )5 (Gerling et al., 1983; Sugiura,
2008), P E R AETFRIENLE (REFRE,
2011) , X. wvirginica 7E36 EFT6 WM 13 AL B 8] 24
3-4 Ay, ATLARRSERI S H, MEMTE AR B
VARCH 58 MAZHE, 2R & A —4F 1 K (Gerling
and Hermann, 1978) ; X. fimbriata 33t 3 BA1E F 4
BFBE, T X. gualanensis 3ZHC FE7E T 4 ( Gerling et
al., 1989) ; X. virginica 7F M50 8 3 s B L RRE
FRRTHY, , e S ST T b — R L LA M A TR YRR
Hif ( Prager and Richardson, 2012) ,

4 NESRE

HEFGREENREEMSH. REHKRD
25 AR ROR . A A BUBIE S A —E XK
% (Steen and Schwarz, 2000; Prager and Hunter,
2011) o [AILE, A S0t 30 88 2 R A 16 4% L™ 4%
AHRI RS — MR B PR R 3K . B Z 124 . Bk
BRI AR SRS ; IS S b= SR
FAR, REWA P RAPRAE; X T
EFAK EREM AR, ARRRBREUE X AR B
HEEERRA W ; TSR SN, RSEOKERE
FERLI YA W B S A RO, X B BARL B AR
WA JREE . M BRE AT SR LR B RRAR RS S
540, BRI AREIZ I 8 R E — R S )
SOHTAT, MR SR A RER R B (IR R AR L
), REEFER T mPEBRK (Gerling et al., 1989)
FEAR AT I BRRIE A AR e 25Uk PR AR 2 TR KR
BUL BT, REFEM YD BRI IR R
BHEBTEA, REZBFEMFEAEY FHF RS
RERZ o TR T AU B 2 S B VENE A SR K
WA NS DA Bkt A B Y R i R R e it — 2P
WH5t.

HEMWATENARBEES BREZET, HiEEe
RERY; AP MAR R 2> TRN T 7= IR EE ]
RA BB 3E 4 ) BL ) 22 57 (Hogendoorn, 1991)
AR R S | X PR BRI B R SR R
Fi, X X. sulcatipes (Stark et al., 1990) F1 X.
pubescens ( Hogendoorm and  Velthuis, 1995;
Hogendoorn, 1996) SR EY) 7| # 2B £
R FEH TR, BFFEREEBLENRE
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Wede 2 ], [RlEMEEE R C RFTRES A LR AL
SLMERE B I R AP AR Z 8] [R]85 M 2 J] ( Gn Bk
L2208 GHIRZE] . RGP IR Z [E FAAE T Y[R A
&2z |8) (Hogendoorn and Leys, 1993; Peso and
Richards, 2010) . HH{, 32258 o A 30 fr 5 i A2
JEETFI L S0 ) A0 R B R P T A e P A AT S A K
e 8= BT 571 19 ) BB ( Gerling et al., 1983;
Prager, 2008 ; Richards, 2011) , Tfi%} T [7] £ g 4~E
Z I HRG R R IRIER D, Danforth 45 (1996 ) i i
Sy FARiCHr T st S PEAT b B E MR R %
RKFR, HatER RN RRFZ R RREA
R R RTE R — B NAAAE, TR, 7EF—8
ENFFERRRAR, Geis 7 2 HRFhH Ak
FTERTTREME AR R, R, WERE RSB MAZ
] (R R R AT A AN ST VAR RERN
B2

TEATHCRME b, RIEJE T — KL FEH (Gerling
and Hermann, 1978 ; Barthell and Baird , 2004 ) , 7
AR SN ASFHE b B 38 I A8 FC R0 -4 M 0 1)
FEAHE, It HEAEZRMTHAT R . B AR &
K. MRS ERI R, I EEINCETT R
S, EATR B AT R B I A B R WU A BT
##l ( Vinson and Frankie, 1990; Alcock, 1996;
Barthell and Baird, 2004; Paxton, 2005; Leys and
Hogendoorn, 2008; %7 #&F ¥ %%, 2011; Prager and
Richardson, 2012) , WA 8] ¥ 3 Fo ATy £ 2
AIEEZ . = PR MHE AT iR
#h{E ( Gerling and Hermann, 1978; Barthell and
Baird, 2004) , HE{WEAREZIIED), —REMR
18 W% I A A e 3 ik 199 38 AR 347 4 W7 ( Barthell and
Baird, 2004) , TiXf T2 &3 HC ALY, MK 7E 5H
TSR AR, MR EBCRE ) (— R ZZE )
FEWE RSP

BZ, A RA BRI SO 3 2ok B B SR
E, REMAXTAEEMARES, FERETRME
(1965, 1982, 1983a, 1983b, 2000 ) FiI 5 e {1 4
(1988 ) Xof A e F) 2R Gt 1A A% F1 0 38 22 7 T I B 58 L
YE, 2006 fEDASK, BREFIS (2009, 2011, 2012) M
KA AR B LE S | AT 5507 AT W]
BT . ST ARETER R Y = s b A W LR
BREFREZENRIHLA, JEH B LERATFRAR
M2 AT AU R A
HIBTSE AR, ORI B A SR i) A W) AR P AT
RBA AR AR B PR SR AEA BT
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