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Abstract; Effective management of the Chinese citrus fruit fly, Bactrocera ( Tetradacus) minax
(Enderlein) ( Diptera; Tephritidae ), is hindered by a lack of knowledge about its movements. By
measuring the wing loading and extra loading capacity of adults of the Chinese citrus fruit fly, we
determined the effect of weight of extra loading electronic tags on the ratio of upward to downward flights
of flies, in order to provide technical parameters for making the feasibility of electronic tag for tracking
natural movement of B. minax using harmonic radar technology. The wing loading of the Chinese citrus
fruit fly was found not to decrease with increasing size over a wide range of individual sizes and
independent of sex. The results indicate that an average wing loading of adults of Chinese citrus fruit fly is
about 11 mg after normal food uptake alternated with food deprivation (only water is supplied). It is
estimated from our results in a large screened cage that 7.3 mg ( representing about 23% of adult’ s
weight) extra loading for the technique has no or minimal impact on the number of upward flights of
adults of Chinese citrus fruit fly. The results further suggest that when we determine the feasibility of tags
for the tracking of natural movement of B. minax using harmonic radar technology, the weight of
electronic tags should be no more than 7.3 mg.
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A BUR R R AL AR F B R B
W, FEE IR TR E ST B LR AR L
ARIF LB 1EHT 2012 4 1 A NmE K] #
THEKE 1 G RIIERESE(Gen V), HEZE
AR BIEREREART R, RAB RS-’
THC-BR R 7 ¥, B AR ARG K S e A SR 7E AR ] P R ZE
A e 5 B AR B2 2 IR e RS A DA R 4R 2L R Y
KA CYIRRIRNZE | HEBRIH R

B OB IR R B AT R B ER B BUE 3 4
Ro BB E XM EA A B BRI R B
%% (Harmonic Radar Transceiver) )& 5T K2 % 5t
H—FE DR A Bk v e R, R Y E A B AUA
EHE RN IR (tag) , X3 B BB K
WEXRBORPRER, M AGS RS R
BEEE, BIIEKEERGEWBERREET 5
b RIS 122 S5 1 3 1 7 — e ok o v,
BRI R o 38 T AE A7 LB &t B A [ XA
LRI BE, AHXS T 25 6] B[] 045 2R 1 A5 4k 2R T
5, 2ONMAESHEXERAE. BEEE. B,
AR BRERRAT4E B (BT, 1999; 25BN
B 3HYT., 2002 ; Boiteau and Colpitts, 2004) , K AH
TAREWRTE R B B ik |, FEWFSY — S8 (R R0
HERRNE RN, Bk 78 ERREMER
WU, X RHBIEE AT AR B/ NS TN, BT
ARG 2 R HIF R B ARG EORBITERZ
—o HlEHEARSEER, FAOR b TR SR
2z, R ZRE . SR AEE S R R R
o HFHEERBAETERIAE10%, Hil
BRH (IS4 Z N H Leptinotarsa decemlineata ) H,
TIR&E A HIKEM14.7% ( Klempel, 1977;
Mascanzoni and Wallin, 1986; Riley et al., 1996; &
& &%, 2011; Gui et al., 2011, 2012; Boiteau et al.,
2011a, 2011b),

I F B TR T TR 1B BR AR R SC i i i s 3
T RZHT, TEEREGENB IS, AR E
PR R o T S A A R S e i R S B BE ) (R R R =R
B DA T AR EL 3R ) R 2 A Ah 1 B E B Y B
73, WA RE HL R B 5 0 A [) 2 S 7 8 ) P
P B R HIE R R W MR, AHIERER
B OB A AR IR B ROR S 4L

1 #MREFE

GRS RR7EPMLE 2 -3 d A REB AR

EH ITIT N . 1EFI A B B 5 iR 1B R R AG R 58
WK B BB BT A, AR R I ERSSE Pk
JG 2 -3 d SR RTINS AR
1.1 #iEH

At B B BTG K SC 8 Bactrocera ( Tetradacus)
minax Enderlein f{#, T 2010 4= 10 H 15 H ¥
JUAE AL T [R) R [RIAM AR 8 2R, SRTEJR R S ~7
em KYPEH, B 11 A 6 Hadufbif, B4ES5 H
19 HEFPILE Sl B P BUR B R E T
EANARRFERE (ORTIESR, 56 EMERH
BH%E, (KF5 35 cm x35 cm x35 cm, MFLEZE
92 mm) HESE, BRBHEK 3 ~4 K, HIELURHK
10% M Z K BAEER N 10 em FIEFRILPHESE, &
REHEI 10% EEKFIRK 2 Ko, EANTFHIR
B 20 +1°C, RH 65% ~80% , Y JE#H 14L: 10D,
T353R 2 ~3 d Ja BAVE A IR, Al B0k 860
3k, EREELS 101,
1.2 HEASSHRA MR H &

B RIMIAREZEINE (3 m K x2 m 8 x2 m
) WIHAT, IRBED 20 ~29°C, RH 65% , JBHRN H
R, MR EIZE 9:00 - 11:30 #17, HEHEH
a8 B B A R A8 PR A A7 K S AR BB T B b T
B 1 m, TEEA 9 cm’ (3 em x3 om) FAME ERE
JC, P KB RS 1 min, B, R IR B ¥ R
A TERET 1 m BALE, WHEZ a3 e
o MRANZAHFE 1 min 22 PN FETE T SR Hh IR
T 1 m BALE, WA A H AR CH R B
WRRTE | min ZAARER K, NAHEERZR
AT IR SR, HAEZEH 1 min NIEARBEE K,
WUIBIEH] 5 12 A HL D A R G B R o
1.3 tH#EKSSHR AL B RO B R BE /i IE

W # R 56 S Boiteau Fl Colpitts (2001 ) F| L&
WYL ik #Efr. M EREEAR ik (2 H
i) MEMER 40 K43 526 A B RS 1 80 >3 B (1 28
FHHE(EZ 8 om, & 14 cm) PIEFR, BEDHR RS,
BEEH 3 mm (/ML 2 A4S, DAE T 2RHE A S 3 #
BreEEas R, MRAEFRRENFETE, ERNTFEREN
20 +1°C, RH 65% , YtJEI#I N 14L: 10D, MiRA %
e bR 1.2 Jrkakdt . MRS 3 5P R E & IR
PIRFI A, ML d1T 4 K, WF2E: %2 H
BRI 24 b E55 1 RINE-ECE 24 h JE5R 2 IR
M- YU 24 b 5565 3 WIES-BUR 24 h 5564 Ik
Wi, REHH XA T, HRSEANDE
(B 1 cem, &5 cm) 15 s d SR EAUR R AL
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FRAGES (1 mm®/#) 2 HI0 7. BRIMAE, A
RES W B IR, RRAEE KRR T RRE IR IC
X, REETHEREERT , BEBRARE 10% &
HEIKHIIEAR(3 em x 3 cm) 4R SE4R] 37 BLE LR AL 2
(RBEKARIRE) o 4R K 52 08 M 2 A ER 1)
o PR B4 BRI LR 4 PR E i = (B A0
BARME . WERE R & 30 s A R E B 1E

1.4 4K SEHR A B RO ESh Sa 22 Tk BE ik Ie

P L 45 0 468 T IR B 44N (AWG #34 )
ME Bz (PHESGE—1NEZEN 1.0 mm HEF) .
AR RS (EE < 0.1 mg) ., SHRMIESHES
o AT HEARBAER, HR _BENLIEEN,
FAFFEE R K ETEEH R T, TEBRRIRER
HIVERS, B 5ok ETEAT (28 mm/ M) Hir H, RIGER
HTRE, RETERF R LFRE, 458S, 7/
9 mg EEA 130 1>, 3£390 4>, pdtE EiRfEK 3
H& a3 780 3k, AN Z AL AL H &7 130
S, HAR 390 kAR AH B X BRAR HL, ] Instant
Krazy Glue JF 5 HL 5 ( > 70% ethyl-2-cyanoacry-
late by weight, Elmer’s Product Canada, Scarborough,
Ontario ) 728 T LR I 7E AF XoF oL 149 A A7 A S 8 Al
AR HE R b, R — R8T Z AR iR
0.3 mg, BRABIMARERNH|IHNS.3, 7.3 A
9.3 mg,

BHMUERE RN 5.3, 7.3 19.3 mg 3 FsH
(KB ) 5 AR X5 BE A A 57 38 2 M 1A [R] 19
(0 BR) B FEATLECE , AL 3 A RSN ik T
FP R A b 671 280 F R 0 A1 7 28R A o o O A 4 L 2 Dy
11, #% B3R 1.2 Jr s Rk g7 T« E i %,
BRIAKT 3 ~4 #IK, BRKA IR B YR
REsete, St )E 1A Boh i B R B S
AEMBURARELZ ST — KA, iK%
5 d WSE, HICFEUGE AR R E) L H AL
(Boiteau and Colpitts, 2001) ,,

1.5 HiRAESSH

B BT I BE R DPS $4iE Ab 2 R GE R 4T
SEHT B RSB, 2002) o M RS g i
Wi RARIAE . R EE ) 2855 5B E R
HIK R R LA R K R T s TEBEIRL A
AR SE M B SR T AR (AT | S BSE  HEEE
NEkEE RREMEENERREERAE
Student’ s ¢ #:56 , ZE&RSM A E S 50 H WL (E A0
X FRIE AR RSB E AR R E 2 7 B
PR F R 75K 56 ( Chi-square) .

2 HBRE5HH

2.1 HBAERAHKBEEES

B3R 1 G55SR, AR K S e I o B ) 328 T R
KRFGHERER, HESFHERRIBE (n =30, 1=
3.471, df=58, P=0.001), A%k S8 A 3
R LE K, FEFZE 40.0 ~64.0 mm® Z [A], Hf
A7 R S e P H 30 ) 5 R B B S A R R ) 2 S
FEBZE(n=30, t=0.785, df=58, P=0.436), A
HHMHFRERLMBKR, WHEE2.5~21.4 mg
ZIE] o AHAR DA S e O I R A 3 2 2 A R A R
K, JEREFE0.0520 ~0.6993 Z[a], A A S bEMEME
B HRERRE ) B R E (EF R 703 5 R ARME
(MVBRE) Z a2 F K 8 E (MER: » =30,
£1=6.550, df =58, P =0.0001; #fEHt: n =30, t =
5.990, df =58, P =0.0001), {EAH#EASE 0 M AL H
HRBREE SRR R Z [ 2ZEFEARE (n =30, 1 =
0.059, df=58, P=0.953) , Z:FREH, M@
RESI (AT 0.208 mg/mm’, SFHHRERLN
11 mg, 255 HSFHRER 23% , Fim b 69.93% o
2.2 HEBAZREANEESHITEERZEY
K&

B 1(A) S5 SRR, MG K S0 M B Y I 1
HESHATATRZBILREHCEAAR (y =
34.71 + 0.35x , 1 =0.328, 7 5 g0 =0.367, P>
0.05) 5 AR SE B ME R B B AR A EE 5 AT T
FRZ B EAI R AR ( y =23.37 +0.35% , r =
0.282, ry 005 =0.367, P>0.05),

B 1(B) 25 R 3R, AR RS2 i A i s 19 B I
HESHATATRZBILREHCEAAR (y =
26.06 + 0.47x , r =0.351, ry 00 =0.367, P >
0.05) ; MRS W B B AR AT 5 AT m
FRAZ AR AR R (y =20.22 +0.39x , r=
0.314, 1y 405 =0.367, P>0.05),

EI2(A, B)Z5RRH, A K S 0 E A He 3 1)
FEE B AT S T AR A M A SR MRS B B (
y =11.34 +0.004x , r= —0.004, ry 405 =0.367,
P >0.05) ; AR A S b Ak B U 1) e 2 B B S LT
HEARZ B R EAHREAHE (y = 5.84 +
0.088x , r=0.086, 7y 405 =0.367, P>0.05), iX
BE—25 R, MG R S e A Rl H 3B 2 B ) IR I
R BEE SRR BT R, WEE B
ARITIFEZSR .
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Table 1 Wing loading capacity of the adult Chinese citrus fruit fly, Bactrocera ( Tetradacus) minax
WA (R R E R/ R E)
B W WA P SARAES) (me/mm?)
P - Bod ieht (mg) oudi Ratio of net wing loading Wine loads .
ody wei m
Sex 1 ares ywee # Net loading (net loading weight/body weight) g foading capactly
(mm?) weight (mg)
f e Max /K Min -3 Mean J&. 1 Range I 15 Max A% Min 221l Net
MEH 53.9+1.0 53.6x1.1 42.4+1.3 11.1x1.6 1.00+£0.12 0.79 +0.02 0.209 +0.032
0.232 0.052 -0.699
Female A a a a B a
HEH 49.2+0.9 49.4+1.2 39.2x1.1 10.1%1.6 1.01 +0.03 0.80+0.02 0.207 +0.035
0.229 0.061 -0.423
Male B b a a B a

BRI AL UM A5 30 ko RPN T « bR, RPF—FIARF/NEMKREFRHIFR2ZF BE (P <0.05, -K%) M2 540 8%
(P<0.01, t-K56) , {HAE R HRERAE ) i (E R AR B 22 [A] 2 6] — 47 Fb 88, n =30 for adults of each sex. Data in the table are mean + SE, and

those followed by different lowercase and capital letters in the same column are significantly (P <0.05, ¢-test) and extremely significantly different ( P <

0.01, ¢-test), respectively; the comparison between the maximun and minimun of wing loading capacity of adults, however, is conducted in the
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Fig. 1 Relationship between the maximum weight of individuals, minimum weight of individuals and total wing area for
thirty female (A) and male adults (B) of the Chinese citrus fruit fly, Bactrocera ( Tetradacus) minax
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Fig. 2 Relationship between wing loading net (the maximum minus minimum) weight of individuals and total wing area

of female (A) and male adults (B) of the Chinese citrus fruit fly, Bactrocera ( Tetradacus) minax
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2.3 H@BKERRA HBBIMAE ITEES

2 GERRY], MHGRICIE SR BSNM RE &
J95.3 mg FRAERT, IEHE G RE BRI E
ERABE Y =2.311, df=1, P=0.1285), X%
HIBSNMARE RN 5. 3 mg AR B R CIRA
W, AHABRSCHRAL R BN R ERE R 7.3 mg 5%
i, EHRE SRR CRRRZAERABE Y =

3.770, df=1, P=0.0522), XEHFI/IMBEE
J97.3 mg FRAEXT R R REA R T A A K SE
WHSMIRE RN 9.3 mg ARZER, IEHE SR
BB ] 2 Rk B = 127,464, df =1,
P =0.0001), XRMBIMABERN9.3 mg hrsE
AR AR S i R RS BEIE i K

F2 HEEASCUER BB A BT H RITROR A
Table 2 Effect of extra loading weight on the ratio of upward to downward flights of
the adult Chinese citrus fruit fly, Bactrocera ( Tetradacus) minax

e WS (mg) giit

Test Extra loading weight Statistic

AR R (k)

AR B (R
Number of upward flights Number of downward flights Number of total flights

BHE(K)

N
5.3 N 66
Observed
1
pagiie
0.0 g 67
CK
Ml
7.3 WHH 54
Observed
2 X
0.0 o 57
CK
Ml
9.3 WHH 13
Observed
3
X it
0.0 TR 96
CK

50 116 2.311 0. 1285
33 100
69 123 3.770 0.0522
43 100
107 120 127.464  0.0001
24 120

3 g

TEAN R ) A PR35 T PG 9 ) P B[R] P31 A
RSB AR Z [AIfFE—E R ES, MR
R AR B R TR, A AR PR R R
12% , {HHARE B A HER R B B RS T3 <
(Gui et al., 2011)  AWHFFELERFEH, HiE AL
WETE PR 22 RS T AR B A EAR BB 2 57, MR UG
FUMERLHL /N2 8. 7% T AR s MEME AL R B B iy B
PR A TR A3 1 4 2 R -5 LIS T AR 2 T A 2%
PEARSCYESS AN B3 5 WA A o 22 [ S 300 R 5
BRENZFANR . H—PRY, ZHA AR
HREHNE TIEES TR RARERRK RS, 5
BB — K BUR T 28— RBR I TR I

N E R ATREST, IRARTA B[R F S T —
HAA R B TR RN B ATRE

Dudley (2000) #5TIAA , 1RZ B L 0 B E & vl

LIKEI A BAER 0.5 ~3 /. AR EAELEE

AT R R PIUCOE B R PRI B 07 vk
TRE H A R E B A 0 11 mg, X A] fEA R
T FE [B] B R A RSB R P e R B, e o
FEMOREY, TRE AR FE G RER, HAT UGS
SRR A A S W A [ 4 31 B B A F AR T
11 mg EE AT REXTHAL ©ATRE A B BT,
P o R R R E R S A MA R E B e R B A
RE A RAR, FHmEREERELEWRAR,
RHETRERS IEFE &, 7 Z AR B 2 Bish
IR

I X A 7 O S A8 9 S R AR A AR R IR R
BEL BRI, SRR o 7R B 28
SN EAR BT, A R T BT AR R
BOMABR ) BUE X 23 3 ~ 4 HEREPLECH , 78 [ €
Fsf 6] P9 Rl R T T A, SRR AT AR A
REMEEIRAR . RI B RSN L Z A AU 1) 7
TR S T AT RSB EA RH w
ERITHESE T ITHRELREAARESR,
WA g R R A 1 B B R KRR A A
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TR, APPREERE, RESMERHE R
LML HL ) B RATEGE 51 T AT R R R
1B/, #£1.3:1~4.0 11 Z[A]; HiSMAEL 7.3 mg E
BB HE CEE A B A B TeRE N, E R A
HMAEL 9.3 mg EEARBE K, Gui 55(2011) #F
FERY, K21 mm, 3.8 mg, HFHMAAKE
8% [ H, TR A% A% K SE B I I RATAT MR
R, AR ERE— DR, 7ER BRI
TIRIEER AR K S8 B Bz S AT i, B R E
3.8 mg B TAR%E, ASHIHIER RITHEST.

TR AA I B B I A A O S e Al e BB
BRBIMAET.3 mg BE)G, SLRERHISER R
Bk A 7.3 mg HE BT AR AR H AR
AT ARV E TR MR SR EEET. 3
mg B & (1) 05 45 B2 H () B O O 7 A R B K
WRAEN B ISR XETEHT T 220
B aE A R E . Boy— REAME g
TARGERLIZ B AT YRR R I 1] YA R 7
'R RS TCEE (o ) B AN R e B R B9 IE AT
A (Hagler and Jackson, 2001), FH Y, ¥% 2& &
EMHETFRENER/DNTRANAZHIMBE
2, AR REXRFERFIRENERETFHRHER
FEARRTAE, fEPEREIEM R RIE S R AR
ARG, RN E A B AN B E R SR
el g i R] L g it i R B R R A R
.
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