00000000000 (Bradysia
paupera) U OO0 OO0 0O0OOO

00 00000000000
ISSN 00214914
0Doo 00,0
00,00
0,00
0oo 0000000000
0/0 460 10
oooQg
ooooo p. 23-30
oooQg 20020 20

00000 00000000000000000000000 eA‘ ;
Tsukuba Business-Academia Cooperation Support Center, Agriculture, Forestry and Fisheries Research Council @ U IKnow IGGH"-'
Secretariat



AAGHASMRERESE (GHE)
$46% H 152330 (2002)

FIN7 TNt F /) AINT (Bradysia paupera) DEARITEY & 7 O HIFIEE X

B 258 - AKH FE - WE R
FUBR MM R

Mating Behavior and Its Regulatory Factors in the Black Fungus Gnat, Bradysia paupera (Diptera: Sciaridae).
Yining Liu, Hiroshi Honda and Yoshiaki Kohno (Institute of Agriculture and Forestry, University of Tsukuba, Tennodai
1-1-1, Tsukuba, Ibaraki 305-8572, Japan). Jpn. J. Appl. Entomol. Zool. 46: 23-30 (2002)

Abstract: In order to develop a new strategy for control of B. paupera, a serious pest insect in production of mush-
room, Agaricus bisporus the mating behavior and related regulatory factors were elucidated in laboratory experiments.
Mating behavior was analyzed by observation of 75 pairs of cultured flies. The typical mating sequence was: 1) begin-
ning of male intermittent wing fanning (WF), 2) walking in a zigzag approach (ZA) while continuing WF, 3) abdominal
curling (AC) forward beneath the thorax while opening claspers to grab female abdomen when near the female, 4) piv-
oting 180 degrees around body axis (P180), 5) mating occurrence (MO). This sequence was very stereotypical whereas
the females exhibited no characteristic synchronous actions. Mated females refused copulation with subsequent male
copulation attempts by kicking the male off with the hind legs or escaping the males mating attempts. Bioassay results
demonstrated that a female produced volatile sex pheromone evokes typical male copulating behavior. The threshold
activity of the crude female extract eliciting WF and ZA in males was shown to be 2X 1073 female equivalents (FE) in
the tube assay. Attractive activity of female extract was corroborated in wind tunnel assays. Male flies showed WE, ZA,
and AC responses to all parts of the female body. Effects of female age on male responsiveness to pheromones seemed
non-critical, because males demonstrated all responses (WF, ZA, AC) whenever exposed to females from the teneral pe-
riod to 3 days after emergence. Males responded to melanized pupae with WF and ZA. In male flies, sexual responses

began 30 min after adult eclosion, and increased to a maximum 2 h after emergence.

Key words: Sciaridae, fungus gnat, Bradysia paupera, mating behavior, sex pheromone
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WE, BRF  DEREEICBWT, ¥ anElME
WHNCHRAEL, PHRICKZFEEORFPRRIC X 5HEE
WOEI & EREAFENR VI LEREL T D (I,
1993; A& D, 1993, 1997; %EES, 1999). ¥ v ¥ a)b—
I Agaricus bisporus (Y 2 ) 8) & OHERRIRBE TIZY
2V & oaNaxF ) AINT | Iycoriella mali & F757 1IN
3%/ 3INX | Bradysia paupera WRHICTERE L 2 D, BhFR
BRETH 5B,

FJ aNTHEHOBBRIZIE, Z2hE TIT@ER] (Cantelo,
1989) ®FEEHIEHF (IGR) (King, 1991) & & DAFERLH
#l, XBIZBT Hl Bacillus thuringiensis (Osborne et al., 1985),
B M 4 = Hypoaspis miles (Wright and Chambers, 1994;
Ydergaard et al., 1997) , ZF 4 M8 B Steinernema feltiae
(Gouge and Hague, 1994) ¥ & U4/ 3F Synacra sp. (Hel-
lqvist, 1994) BHWEINTEX, L2 L, Th6EHSTL
S+aaiRsRER LT LAY, 72, F 7 28HIZEH
PEEICERTIUHELHD, BME L TORENKET
BT LIMFE L (e - R, 1995; FEES, 1995).
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&5, Z0F 7 anHomKBEERES, ¥/ 28
DRFRRIGI B O TUIERRENIC S S DR ED R SN B
728, EAEIMORZIIBOTCESTHHEELLNS,
FRRIZ, BRKR TIPS L mali DR RBERDUME O F3E 2]
HENTWB (Brewer, 1990; Bartlett and Keil, 1997). HZA
DO—E % ) 2 REH TIEbR & RAETRO ZDICHE
IRT 59054 PAMERIRTWSED, 7F59 254 b
TRFICHERELSFRINIOTHRICHEENSH Y (BD
5, 1997), BiRRFEEL LT3+ 5B it k.
ZOXS EHEAZER TS L, £/ anNElo ks, 7
DOFEENI R & bRl < W -FEBR T 2 HERRKE TH
BPAITE, TUTVHBENRHA 0T VAR
FRELUTONMANEIFTE 3.

IHETIZ, WRBRRTIEA 2R IR TF
FMERH 7 2 v VAREEBEA TS H (Mayer and
McLaughlin, 1991), ¥ / INTHEHOWT x 0 E L IZDOWT
OB T E»TH S (Kostelc et al., 1979, 1980; Alberts
etal, 1981; %85, 1999). n-Heptadecane i3V 27 ) 47 &
WSEF ) ASTOM T 2 1E Y & LT Kostele et al. (1980)
DRSS, HES (1999) EHARICHMA T SR
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IR LT, ZOWBEICH7 -0V iERsHERTE L
Mot KPR TEMET e E VY EROEF AT TN RF
7 ANZOBREROMELO—EE LT, AEOERTE
DITEES A BT 5 & L 31C, BEBETHORBERE L
TOWT v %® v OBRE L HHE & MO MEREL & DBIfRP M
Tz EVIIHTAEORIGEL VI EHRAL S S MIZL
7.

RIFRD & 52t % 5 A TG 2 HOLATBUEAFMARA
W2k BRI RO P BE—E L, iz ts &
U HRELICRE L 8B E+ERT5. /% /a1
DREITHEE & 3> TIEW - TEEKERBRIBEOSIERE
RICHRAZET 5.

ks K OHS%

1. #HEHEH

HREHRITFEEE IOy a—250 (Y2 &)
RS EN TRE U 2= JEERC R 2 XD 2 DO ETREH
L7280 Th5b. KREFAEFIX, %ES (1999) k%Y
VRTINS F ) ANT | L mali DFEHEIZEDHD
EEREAMATUTOE ST, BHETIAF v IR
2 (33cmx46cmX HE 23em) OEIZF Py T— 2 (33
cmX44cm, T900 K Y TZAF), HWL) 8%, X5I10H
2K EMA - FEREHOARRKE (A7 7L —
7, BRF =LY =) AR 2em OB XIZB W, Z
O EICHIRO Y 4 2 7 HIK (11emx18ecmX13cm, HILE
HEtva—) # 1AEX, REOENHRE L HROHLE L
7z, ZOWKRZIBBAHEN T 200C TH 10 HREIGREE L, +
) ATERORE A ¥ D L & BITRFBEENERER
R, FEREFRDBROZ%, Y SROMER S % F
BHENICHE L, BRERMHT 20~22°C THE L 2. B
DHED ML 22 FERE 5°C FICRFEL, 9RORERE
B CTERE LCEEMAE L 2. @BE, ZOHBIZK-
T 3~4 R4 L CAIERETH - 72,

—%, KEOBZEEI ThrOBDT 2T % ED
(unisexual offspring) 4B (Harris et al., 1996) %2FIHL T,
H & D1 - 72 R R RO MM B % BIEIZ T 5 720 ORI &
BEAEUTOE T -7, #5952 v—1 (HEZF 5cmX
B lem) DEIZNE - 7-EHL (Advantec, No. 101) #8(%
ZO Lok ) aFEROEFNT (W lem’) 2EmH%Z Lk
CETTER, Zhh 5 RO KBEE 7B il
ZL1EETOY v — VICHE L TS B/, SIRpRL
L7=%, BEEKDEREL L TFEEREE-> 2K %
Y —LVIZMA T, 22~25°C OEMEHGCHE LR, 2
DFFEIZEBEETIE, &Y v — VTR L 72K
TARAEERO M 2 B L OEEOER 2 /15 Z & T
x5,

g S

2. ELBITENESHOBR

HRIEFIZ & - TR/RZPEH 1~2 HEO L4l & 1~3
HEORZREBERERL? S 55 75 A2 H V. 1B5 w72
RN AEANTHEE 7 b oy T— XL ZH 5 2%
(B&125cm x BE3cm) CIRHE ClES AL, 2 S REIH
B L% e 8 X e, TEEHOBRIITHRERD
FERICHEDZ, BOTHEINE~% (WF), VI ¥F o
IZ& B8 (zA), BT (AC), HEIEE THED RN %
HHE U 53 6 (ko 180° mFx (P180), X (MO) D 5
HEIZHT T, FEBORE - MR 2, 55 2801
HWEANTYS 10 7EBEE LEHL 2. £ -FREEICED
T OWTERRBEEET AL L 810, 1HHOXRE
RTH%D 5 FEOMEDITTE L BER L7,

3. W7 T OFD OHEEEMIRTE

1) M7 = u® oM

RO VEBIEEE TR 2 Bl OIERH 100
BHZ 3ml DAFH VIZHRT T2 REERE L TRl LU, Hh
HHiaEHI 2T - LTHEBLEZE, R T T4IlEYE
/W ICIRE L 72 (DUF, B e iRy, Zhza s
Ml$5). MR T % £ T -20°C TICRAF L7

2) 2EMIEABR (Cage assay)

JBEIZT b2y T — 2 %R 2HMRE (M 3cmx
4cm) ERBOHLAND-DDNEERIFI T I XFy
5% (HF15emx B & 9em) ZRWE. ZOEHBEE
WA (20cmX20cm, Advantec, No. 101) FIZEE % E
IZUTRRE 2, NEHS 6 —[Z 4 FEOFULE 2 HELIRD
MR 2 RIABANRRE TAN, 10 2BKE L 28%
UToORERBEANRTH»S 3 5HOEDTENKIG %
“WE”, “ZA”, “FIBUENOFRFEL (OF)” “HIEAE
O (LO)” & “AC” I CRSELE. RERBELT
i3, 2 HBRPAOKRZREOMER SR 458, 2h2h 1 YR
DR & B U 7z 4 M O IR HTRE, B L OEL
O 4GES O R RM I ERE A A, FRBHET T 2
Fou ZINZy b (EFE 7TmmX X 10mm) WIZAR, /3
2Ty b EBREFENICHD T2, 20327y MEE
FEEADOHAICHWONTWE I XF o T RILDE
EICESNLE & TERLZ., BREX$ T 25%2°C,
FRE 2,0001x (BOEAT) DOFET T, LERGEETH-/HE
BEAAWTALE S TE EEDERL 7.

3) {EREAER (Tube assay)

—DOO%2F bryI— %, EsBEE 79
2F v 7HEE (BX45emX B lem) B2, EFHEGHTH
THE-ERREBIESRO D, 6 1 EFONE L7, BE
IZHE, ZOMBMEOIT-AZ LWL, O%TIZL
TR IS TT, sAMEEBX 5 & & 3ok
A5z BERE BB RERB A EREANE L
MEEOOMIZAB XS T, Z0% 2 HEOBEOTE)
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EEEL, T4 WF, ZA, ACIZH T CE L. BE
b Lo AL tul 720 2, 0.2, 0.02, 0.002
FELIZAFH VTHIRL, Zho6D 1ul & ZAFORENS
(B & 1emX B4 5mm, Advantec, No. 101) 128 L T
L7, REREFRBREORA LR CEELETT, #
Te B HER R AW T A AL &8 15 BILLEEDERL 7=,

4)  JREERER

RIS BB IZIE 7 2 UV L BRI (& & 200emX HEE
30cm) #RWT, B 25cm/s, 25 + 2°C, FAEE 5001x D
HERR (BEXAT) T T/, 3Rt e UTEREFAAD R Rz
5 FE QMM &2 @46 L 2R 25 5 v 7 (I8
10cmx BT X 5emX B & 4em) OHICHRBE L 7=, £FH
B THE 72 20 AD 1~2 AEhOHER R & JBIF RO 180 cm J&
THBHRU, 353%%E LU 8 FHOBEBHRO KIBTE) & &
FNTO A% 50cm OXEFIZHENZ, RERIE 3 B L
RIEL, WBRICRFEBOANFY V20T 2840 L 2R
w72 BXENOERER R A XTHEFZER T O Tk
BHEBE L, — RETAREDOHELFAN

4. EHEDMRRE

HERIEE IZ & 0155 - EA A REERREOENZLD
PIFo 7BFE; 1) KRR (GG, 2) REEH
(HAbiH) , 3) PMLERE (0~54), 4) WL 304, )
Ttk 2 B, 6) BMEE 1 B, 7) PUEHK 3 HICKAIL
7z, IS EZREFNME T — 7 TIRE LIS FEE Lz
H%IZ 1 HE D 20 O RERCHR & AW CEBIEABREIZ LD
WF, ZA, BXU ACOERIGEEFH N, £, HOMK
AL RIS IZ WX, 1 BEoM K4 5 PME %
(1058) , PMLk 304 (1458), b 2 e[ (1088) ,
Pk 1 H (1058), PHE®% 3 B (2058) OHEOKIBEDL
[FIRRIZEA T2,

5. M7 IOFEVEEOREM

7 IEROBIEEFANS 2DIC, MLk 1~2 B
B 30 HOMER R A STEYT D 6 I/ T, HiEE A
T —10°C TRFL . BYID4XIX55r, 2, 3H¥»
KU30 HREWHEREL, ZOREIRIZKL THh 5 EERIC
/e, 7o 2 X3, | ERAHEL T2 LRRT T3
HB LU 6 HRBE L 2%ICRERBE LTHWZ, Zh
5 DMK 7 = v E VIEEORRE MBI E TH AN,
¥, —10°C T 5 HREOGHHE CIEMER RIS 5721 T
77 s - R = s & L A

6. W7 T OT DFEEIAE

HHEHEF L2 | BRORTRMR SR % —10°C T 5 75
WEURREE U 721212, R EORBEMSE T CIRBHESR ] & fv
CHRER, MOES LM, W, BEESO 4 D127z, KEBALIL 4
A 1O E LA, &7, RfzHpiL21, 28
EIERR RO U 4 SBAL % BIEIZHE > TAFH ¥ T30 5/
U, BEID 4FE R ICBA L2 DRk e L

7o, TRHDRBIIXTT 5 1~2 HEOMER R 25 SO KIS
%A VE TR -,
s 3

1. EBITEIOITERES

B L 72 75 0 S BERFEINICRE L 243 43 8¢
B o7z, Fig IR ULZ&H 10, BT8R ToreE
FHTHWE SN T, FT, EXMOGFELRM LA &
WWEZBBLAEZEIZK>THETE (5758), ¥
WCHEZ ZA Lo lfficEBR U7z (4658), X 5IiCifices
F§ 5 LIFER DS N A BN CRIID R A & /i 5 1 2E
XY (AC, 45F98) fT@&RL72. 2055, 235HIZHA
52T A A B B VIZETINC X DR & B L 2510 AC
MEEFT 8 24T - 72 A%, floD 22 FEIZMED th & HEfild 2 DL
ACETREEET AC T8I 2R L 72, o CHEIIIE O HE SR
v LIRS TR L a2 5 k% 180° iR X ¥ CREL 7=
(43988). ZOXHi, HidMcx U CERTEI AR L =0
IS UT, ISR AT AR S W e 572 RE
MR IR T2 18 %, RERT64 19BTHD, F
3R 3.8 0 ThH o7z, KRBLULHED S 5 31 B8 1357 Btk
KEPHITO®RIC, EXEMICH L THERE2RA
Y, KRERSOMEZITIT 3 BRIICHT 720, #BICHE % 53
B EDITENCIDHREEAEMLL . &k, ZOBEG
FRCIEMECE > TOREOTRINIFER TE LA 5728, UT
(TR B RV 22 & R 72 SR EIRAER I X0 R ARER T LS
X945 OF B h /2

2. MY OFCOFEE

EFREBRE CHNBEER, 27y bRIZIE L 720 %
XL T, AL 72 28 BEOBEIZ B W TIE WE R ZA 120
AT, OF LHIBE (MEEANI/SZ 7 9 b) D LO HE
g|Eh (Fig. 2), 2hoDRERIAE, ZhTh57.1%,
28.6%, 67.9%, 64.3% T >7=.
HEREOANF I VP REOBEMIIELLIEK LA
(WE, 0%; ZA, 0%; OF, 13%; LO, 5.6%) #°, M4 7%
BKICHAET 2 &, ZRFh31.3%; 34.4%; 50%; 34.4%
IETRIEL . (Fig. 2). &k, MANAL~/NZ 7 v b
ISR U2 RN T8 (AC) 2 &R E Y, o
T & AR U 2= RIS L TR ACIHIEE A CH
XN o7z,

3. M7 IOECOERESETIHE

B ERERR IS & O MER A B IO ROEHE 2 RREt L
7455 % Fig. 3128 L7=. HEIZIZ 2X107° FE OHH#Hcxt
LTE WFR ZARIBBR OGN, ZhbEDORIBIZERKA
BIICHEIML , 2FE T100% IZ¥EL7-, L2 L, iR L 23
BOHHEATIZ ACRRSNAED 7=,

JEIEZ & B EBIRER TIX (Table 1), #ABIIRICMEhHY
RO, RERBHME 3 RIS E DS 1 KER
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Male response (%)

Encounter n=75

W57

Wing fanning
46
Zigzag approach to female
No contact 22 23 Antennal contact

(a) (b)

Abdominal curling

Clasping of female abdomen while pivoting 180°

y 43
Copulation (c)
(Average duration time 3.08 min)

Post-copulation activity

V3

Repeated attempts to copulate .
Rest ~<—> (Rejected by females within 3 sec) ~€—> Searching
1] L]
] 1

L - = - - - o Orientation toward other females <4 -----4

Fig. 1. Behavioral sequence in the mating of B. paupera. Arrows show steps of the sequence, Arabic numerals give the number of
males that elicited each descriptive behavior; dashed lines with arrows indicate the possibility of males to mate with other fe-
males. Three photographs show behaviors corresponding to parenthesized a, b, and c.

100 |
n=28 n=36 n=32
80
80
S
g 60}
&
@
i
o 40}
<
=
201
n=25
ot o) ) I
0 (Control) 0.002 0.02 0.2 2
Female in a basket Washed female Washed female + Extract
i Dose (female equivalent, FE)
Fig. 2. Behavioral response of B. paupera male to live females,
washed female bodies, and washed female bodies laden with Fig. 3. Behavioral response of B. paupera male flies to female ex-
crude female extract in the cage assay. M Wing fanning, [ tracts in the tube assay. Bl Wing fanning, [0 Zigzag approach,
Zigzag approach, B orientation flight, & landing on stimulus © Abdominal curling.

source.
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Table 1. Long distance attractability of female extracts to male flies of B. paupera in the wind tunnel test
Male flies (%
Time after ale flies (%)
males release Treatment
Section-1 Section-2 Section-3 Section-4 Trap?
3 min Test 10.0 6.7 8.3 21.7 ) 53.3
* n.s n.s n.s *
Control 59.0 13.5 8.0 13.6 53
8 min Test 11.7 5.0 1.7 15.0 66.7
n.s n.s * n.s *
Control 35.0 7.5 12.5 35.0 10.0
n=20, 3 replicates for test, 2 replicates for control.
2 Sticky trap lured with crude extract of 5 female equivalent (FE).
* Significantly different from control at p<<0.05 by -test.
n.s: not significantly different.
n=20
n=10 n=10
100 | 100 — —
L n=20
T 80 |- B g nf
H $
S 6 | 260 |-
s
§ 40 | S 40 -
20 20
n=10
0 1 : : 0 ; ¢
—48h —2h Emergence +05h +2h +24h +72h Emergence +0.5h +2h +24h +72h
Age Age
Fig. 4. B. paupera male responses to females of different ages in Fig. 5. Behavioral response of different age males to B. paupera

the tube assay. Before 48 h of emergence, pupae were imma-
ture and colored in white, and before 2h were mature and
black. M Wing fanning, [0 Zigzag approach, @ Abdominal
curling.

1212 10.0% DREMESTRF L7508, SRR T 59.6% T
botz. BEOKE I v FITiE 3 BHRIC 53.3% OREHHE
Bah, E5I0 80 BITITHIERIT 667%ITELE, —
7, NEERERT P 7 v S S NIRRT T 53%
& 10.0% Th D, L2 Il 3 = 35513 2
BERDH 5N,

4. MERBE & RISH

H4 5 PULIRD B AT I FF 5 MEDOHEIZHT 9 % BLiRiTE)
FAEN (7 uEVEM) OEES Fig 41T L7. K
B G I HE R RIS Ui b s B E AT E) & 5
R ko7, B L 7-REMIRIT 63% DOMEIZ WF
L ZA EBBIERI L, B2 0%OMO BERHEIZE -
THML, ML 1 B TR KICE 7%, LaLhass, M
OIFIZIZZ DORAEFE TS, HOREBITHD 12TH D
AC 5|2 FHEEERED sk hr -7z, LarL, P

virgin females in the tube assay. M Wing fanning, O Zigzag
approach, B Abdominal curling.

EROBEIZIZRRH AN S AC RIB%E 5| i Z i
TFAEL 72, ZOWFEME, L 24 BT T 100% 12E L7z,
—70, BECB W TEPMEER IS L Te KinE
REY, L 30 4TS WF RIBZEIX 29% T, AC 322
{BEShah»r-7z LrL, Wb 2~3 L8 L 72
BTEWThoTHRKIE S 1T 80% B EicEL 72 (Fig.
5).

5. BET OEVEEOREM

s BRI U 2R IR B B W ISEIRIRAE TIRTF
U7 MRk D 7 = 0 & VEMDHEE % Table 2 IS/ L 72,
—10°C C 5 7RG ENE U 2213+ a7 ~ v € vk
BROENE, X oI GHHEEAFRZ 2R H 503 3 HIC
HELTEMFERD 7 «» 0 VEEIEE L, 30% DR
WF KG%, %72 65~80% DN ZA R ACEmRL7. L
2L 30 HETHWThORIBEZELETL, RiZACEK
WERZA KD F L kbhiz, &5, HHERET3
HE58 L 2z R S i F C RS EREE 200



28 2

Table 2. Behavioral responses of B. paupera males to female
body with different treatments in the tube assay

Response (% )
Treatments No. of
(5 females) males Wing Zigzag  Abdominal
fanning approach  curling

Immobilized 13 100 100 100

(5min at —10°C)
Frozen for2h 25 80 80 68
Frozen for 3d 20 80 70 65
Frozen for 30d 20 10 10 0
Dried for 3d 25 60 60 20
Dried for 6d 25 40 40 12

Extracts (4 FE) n=25 Body parts (4 FE) ‘n=25

5
Head
Wings
Abdomen

Legs &
Thorax

0 20 40 60 80 100
Male response (%)

]

100 80 66 40 20
Male response (%)

=)

Fig. 6. Comparison of pheromonal activity of B. paupera female
body parts in the tube assay. M Wing fanning, (0 Zigzag ap-
proach, B Abdominal curling.

EHEDBEOIELS LD, ZOHEE ACERDIKTT
FHETH o7~

6. HMT T OF OEESM
HEDRIKZERRI D 7 = v T v EM & ERRERE THN-
#ER%E Fig. 6 1R L7z, fiiic s TD ROV TH
DERLIIZ S WV WF & ZA RIBAFBE T 5EESRO 6 1
72, ACKRIBII L BRI hih 72, —F, YDEEL
72D AR BRI DIEME L AT IR B L R R
Boled, O ACKIGEF|ERI TEENRD 5.
BT WE & ZATEHICIHIZE A EEREh 57208,
AC M TIXAEEB LR A3 D SRAL I R TR A o 72,

= =

RIFE CHW-EFFEE ZEBENF T Tirbh, ZOFE
CEEESPOBIZESAR TS 572, FHEREOF/
TRBENS BRI TH 5 225, AEOEMHT
BIOMRER & U THER R 2 5 ORBEREUZ LB TIZ AN

it B E

EEbLND, AHIRTERINZF/NZ o/ 32 F ) 23T
DOERBATHOFRIIFITEEUTHOEETH D, ZhidH
B D B. impatiense DZXERATEIHSH (Alberts et al,, 1981) %
#)1l (1985) 12 & % Bradysia BOBREATENIZBE$ 2500 &
BRI —5T 5. /2, —HofisMe L a< T
—HEDTEHEFZ L2 &3, BOTHRBIC IO
MBI & il A LRI S 8 TR AT 5 B b HIEILEE 5
UTWAWTREMN S 5. & 512, M SRl o 4
BRO WF & ZA T8 43| 282 L, %5 1E M4 #
Z&ho, ATETIE, HEOMERMRPERTEICIIMEHED
BRI ey PEE5ETLLELLRS.

paNFF ) ASTHEOBERMELHEE ML TR L,
F N EOHERTERIZH LT REBERAL > T3 (B
1, 1985), KETLRIBOBEDITEI W KEFBEESRH T
PEERXNTWS., FAzunid/ anIofty o
EVH, MOEZEORRDOIIIIEBRT L L BIZZDE
BER AWK T T3 &5 aEHENREEE -7, 20
HEBMICIZERT IS TT7 2 vy DEERTIWE
Bk X E 3 HENEIESGFELENWI L ETRBRL TS,
ZO/ERY LY Ry 2 NI F ) ANT, L omali I3 E
%o T\N5 (RES, 1999), F7-, Fig.4 £ SITARLA=K
HICARTEOMIRBUFHICBRIZ 7 s 0 R VAR - TE D,
EHELTMEHR IO THE T T EVICRIETE S, 20
IRV HE CHEEOTEN TR A Z & id, EIRIZZHE
MO TH A 0E»IAHATH 30, RBOFMIHFEF
J ANTHHOWIED—D2TH A 5.

fEBIERER I 5 WO THEAE IS AT = 2354 TN
LT, FAEMRRICBWTHEHEOESICRKIGL, 20
5 CHER L OB TR A HA IR L0 AC 2B S h
7z. L#U Fig. 6 128 U7z & 5 (C{ERERER Tt B4 % JE
WA I U84, 55037 x a0 VFE L TORED
ISZ oy PICIUE & T TREAE B I Bl © & o
BAITE, R 2 Ty MO UTE R AC RIB%E
W&ol TOXIE ACTHORRICRONEFE
OFEFIEARATH 55, AC #EHT 2 BRERH»LFER S T
b, ZOMHMEPELWERETS456, WFR ZA 5]
EHI TS E AC BB % 2RI & Z DFEREN
BB ThHHEEELONDE. ThE THEHEDLAY
BTz uEVESFELTRES N, ThEDERTDO—ER
ABOR Ao U CTHERBERTHIAM S T a0
(Mayer and McLaughlin, 1991) , S HOM® 7 x v £V Tik
FEBIR A AT R BATE) & S & A R MO RIEK
R LORSPEBITHICED > THWEHIEH% (Ono
1981; Grant et al., 1987). X 512, BREUFIZE WF R ZA K
BEFI R THENEET 50, O AC RIS% R &
B HEMEIPUEBROMEICOAIEEL-EEL, WE R ZA
D= OGRS FUMFORMIZ S 1T 523 AC 5| Z i
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TR OMERENIEIRAIL T3 &AL, MR IE
WAHBLEVHIRFICFHERT S, —F, M TE o
IZHED AC 25| Z MR AV ERE U TYENERIEE X 5
n3H, INFTOPRABOBERY 51372 OTREMEIK
W

M7 xaxrDERPBADIGHAEE 2 HBE, EHO
FEREMICMA THROESIEES S 2 Z e e,
NETICRE ENZAABOM 7 = vy D% < ITEE
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