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Bactrocera ke ¢l i (Olive fly) ox; K
oS> oleae (Rossi) (Diptera: Tephritidae)
Economopoulos, 2002; ) cul Lis plad )3 0500 5l o
b anls lls o i~ ol (Nardi et al., 2005
FEY RYNC PRSI CES JORIR JUPMISN I pEIPREY
s Sl Olea spp. ez Glrosw o ssdoe g 0T
oSan 58 iz 5 Wl i Jols S5 s e
Elose b o8 Ol i iy Bl OblE Ll 55 ol
Colast ol @l b5 e skt 4 o 058
bogee p8lass5 iy ol oY wdf 5 Lsde
iy il Soleny Szl b g (s yE Dyl 350 o0
sl 055 K Ceer SESL s 055 JE
(Vossen et al., 2004) > ;&
3 8 eay gl 3 BT < Olpl 2 0525 S
Al 0o b sl 5l el 5aS7 55l L gladle
sy Obwsgd Og3 gl 5IOYAY Jl elesls
Woos Jlo Olea s ST ol ol ok 3518 o(OS)
s ki 5 I3 Olsie 4 5 350 iy §aed 5287 Ol
Cles a5 5 ST HLisl A ladle 53 dd b jxe
pde 4 a5 L YA o )3 Ll esges Ty j2alS (25T
GO 5 SO eliaws (2 pde sbasly gl 2
SR ol e 53 5 ge Sl slul Sdd 4 by,
5 dB 5 Sl s ki3 Ol Jpeta O gu5 0 g
gyae 5558 phaw 53 0T 4 e3JT ALE laplul JUis!
ool Ol dw Elis s Lol Jb s ey ol Ll
ey s 5 ¢ OS5 Ol s (IS0
.(Khozeini et al., 2010) .|
sl SIS 5 0lnl 53 05 egm o Re edalia I
Sliis slaz b by dley @i B s Sl 0T
ol oW 26 Coa cl g, LIS ST (5 Al
ol by B el Cl,Saly Bl b tass
§ 8z 055 U Jo ol bl ST R s

A0Ndo

Wl o Ol (Fslize SIS g5 Sy T ol
5 Wlagr aosm 5 4S5 Ol L OT ol pbse (5
i p6 sl 5 OB b 055 LS ol OS¢ ol
57 O ol Ol O5u) Ol do)s 53 g o
.u\e.\.:céb able  pl 5y Al oy dmea 4l e
sdel s 4 sla LT ulul ,, (Katsoyannous, 1992)
5> 055 Ml shsd s Sler Lb s e Ol |
VeAvees Ol 055 GEl iS5 o Yo L
FAC e &S a8 5 S W e L Ol a5 sy LS
GlosiS 53 1) el a5, el 55ToL 0T SIS
o3 Mg Ol Grmes Lo Lls Ogn) eSS
S ol ol 518 e 53 o5 Osabes YA Olg L3 0535
OB e plh ady 03 g5 ese LI VY WL 0L
Sl Oler 055 lagl anny gl SHIH1Cl 43 8
4GPl s Gl g O sl sS el
Olgz 53 Ogn) o M5 S gpsba Cuwl jatus &) 50
el ol s VP 51 i S Jle el b
.(Hosseini-Mazinani et al., 2013)

e S o jege s BacCtrocera s sboa 8
White and EISON-) dwes osw sla Ko (g5l
o b gl Sy 88 s L (Harris, 1992
Lo Jrld g sl Fp ool oS e s 8 S
ol e S l 65 ol ST S 5 s ol
45 5 Amed ke (g § LB prlge DUT Ol g w0 e
oPlasl 3 5 4 Oler ol 5o a3 e g 53 1y (YL
Ko 4 i ol 5 a8 Ll ladle 5 Llesls
@ 5 Llodd Olgr w3 Calies bl 5505 Bolas
) oot olal Ciloe 5 Wlodd s (85 5e orlgs LT
(De Meyer et al., 2009) wlasls s

1. FAO: Food and Agriculture Organization
2. 10C: International Olive Council
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3y DL sy 0T 51y esSol 5 Gl cane
- (Rohlf and Marcus, 1993) 4L pdlel  niwin

23 (gkin (ainCu ) Sl 0T 3 &S GVl (o

S350 sk 4 25 e ealiial (fus s Gl iy 4 el
(Rohlf and Slice, 1991; cul il J s

Bookstein, 1991; Rohlf and Marcus, 1993; Rohlf
(et al., 1996; Adams et al., 2004

Sl gl (pdin (i LU sl Ol s
oslizul 3 40 = D ale aly ol ar Glalanes
s Lls g5 0l ks (Zahiri et al., 2006) <3 5 3
oo el el Ly g0 b il Gl s
(Mozaffarian et al., 2006; sls,13 )y 3550
5 Shp slleer 5 @by 2007a; 2007h)
S50 Jb o3Il 5 IS el 1y (3wl oLl e
s L o6l (Nozari et al., 2007) sls,l3 ),
2 el ol o oS e OSs
(Khaghaninia et Lsls )l 3 w3550 Ol sl o8 Jled
al., 2011)

el Sl ST A jaia mle ) o
2 s S Ke Galomer b bE S )y 3 ooka
b tass ol sl bl (Sl o oslizul sl sladle
oy Camen i )y p 035l 5e ol 5SS iz ST
Bacterocera «8 wid ade Comax sk s
ey dewsa  (Tephritidae ol 1 dryoni
Gl b Il S ws e lal ) Sl ki
JS Sy 258 B Camax 0 93 nl et
(Gilchrist, ol o3 baos S o pls oSS 4 36 JU
2005)

J@,:ﬁ\,@,;,&bj&wjjﬁﬁ@
Bacterocera 48 05 5 5l a8 F s S Soyguo Y1 IY
o db Ko s ) LiCsy ) Ll i dorsalis
b e s lasu 5 Blod 1o sl odiS plaze Jule & Ol e

)‘J§ aJLﬂ‘.’Lw‘ J)}.A Gw-u @W"‘:""‘_’.) Ls))u 6J;J‘§4J

Slpadsl Sos 8 &S 0k ol Gemer e 555 (o)
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.(Mayr and Ashlock, 1991) » ;2 ol
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JUs & s (i e, Sy 2,08 4 o
Sl s 5 w5 038 S sl bt
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S oy S wibs L S8 Slase e
SChu, cbde gy ol VA Jl 3 sk e atie

RIBEIR N R NG J- WP R - Sy NP A



O}:‘l).°}:"’u‘&‘g§.l‘:é|j’.'?éu‘:’twC}S&"Jﬂ‘bb&“‘hﬁ)}iéﬂ

#¥

b %959 0'9.0

0525 gl oo Jb Sl o Ka Hseh Ol b nline
bos ST (ol st sed OYAA Jlu sl L5 51 OMS Ol
sler s ST lld ey s M dle Slialie & 5
aibie O 1 gyl paiges (ST Gladle s OT laoles
Al B ooy e s 51T 5 WAS ladle s o ldlae
s 5 asTper Gble olal 58 Iy adlsl oley3T
el ol 83,57 Y Jgdo 5 Lad gas

Sl 5l ws Bl ol i @ﬂ@* <l
Sl 65T pa sl p 058 plasll S 4 god ¢ yadutn
Wl eslatul gy Lo

O e b s S s 080T Slae e 55T e
Joo e K5 4 ST lagL 55 o 4 (sla)Ll 55 gt
Olej ool 02 il g (sosT e Joad 5> O SIS
NN L;)ﬂ@,,mﬁa,;Twsuw‘yﬁ:ﬁ

el b ol 4 65T maz 1 gy 02T SO 55
Gl b iys, OUI 45 5 Ldd Jime e gle Foxse
0393 5 o3 ViED pwd Cusby ¢ b 43 YV
zo~ b SOt Sl Ay Sliy, Cele V8 g
Sloophd g er idd IS S Sl
25 Jame o)l S sl R 4 s 58T e
Al Jare JulS Ol g S sk 4 LSS Ll s

sk osle s 5 Wb oo (b sla Ko g 5 5
ke ey Gl Ll g 4 skl 4 ol
G doys Vo Ul 5o 5 4 S 5 eslizal 54
S S 55 5 03 Gduss S 4 Ol sladl Lds
ey S s p Sl ) e g S
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Dino-eye camera .,ss L LoT & by e nslas

ZeiSS e o sSuns Sang il 55, 5 (AM423X)

Pl gin Iy ey gy ol 53 s 8
Ole ainis @lp ) (dudal s Jb JS5 go 2
s S s elai; Bl e Gb0sSt
1> oLz B, dorsalis " .S

A Sl oge S Ke Sl 48 Sler g e 4
Sler ol g3 e K8 g5 oS 51y 0Lz s Ceratitidini
Lo e o sl 3 SOl L sl s &S
~Cdu skl e e (Briceno et al., 2005) <.
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2009)
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3. Cryptic
4. Complex
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Table 1. Collected populations of Bactrocera oleae from studied areas
Locality Sample size Sample name Coordinates
Manjil 54 IRGM 36°44'41"N49°26'03"E
Roudbar 60 IRGR 36°49'33"N49°25'20"E
Loshan 60 IRGL 36°37'15"N49°30'46"E
Rostam abad 41 IRGRO 36°54'22"N49°29"22"E
Rahmat abad 29 IRGRA 36°50'32"N49°36'49"E

Bacterocera oleae o o JU 53 b S Hledd Cans 55 Y J s

Table 2 . Distribution of landmarks on left wing of Bacterocera oleae.

Landmark Description
1 Basal junction of veins of cell bm
2 Inner antero-distal corner of cell bc
3 Junction of veins Al and CuA2
4 Junction of CuAl and CuA2
5 Junction of vein CuAl and dm-bm cross vein
6 Junction of veinMand dm-bm cross-vein
7 Junction of vein CuAl and dm-cu
8 Junction of veinMand dm-cu
9 Junction of veinM and r-m cross-vein
10 Junction of vein R4+5 and r-m cross-vein
11 Junction of vein R1 and costal vein
12 Termination of vein M
13 Termination of vein R4+5
14 Termination of vein R2+3
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(Schutze et al., 2012

Figure 1. Left wing of Bactrocera oleae. Left wing of Bactrocera oleae showing the fourteen landmarks
used to generate geometric morphometric shape data (Schutze et al., 2012).

NTSYSpc , SPSS Statistics (v17.0) bl Bl s 5l
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5. W Matrix
6. MANOVA (Multivariate Analysis of Variance)
7. DFA (Discriminant Function Analysis)
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Table 3. Two-way MANOVA on W- matrix of associated populations of Bactrocera oleae

Effect Value F Hypothesis df Error df  .Sig
0.000
Wilks' Lambda 0.343 17.025 24 213

Sex Hotelling's Trace

1.918 17.025 24 213 0.000

' Wilks' Lambda 0.145 5528 96 846.315 0.000
Location Hotelling's Trace

g 2.739 6.034 96 846  0.000

_ Wilks' Lambda 0573 1331 96 846.315 0.023
Location-Sex 4 ielling's Trace

g 0.607 1.338 96 846  0.021

Bactrocera oleae sl 555 b jadeis @b s —Fd s
Table 4 . DFA (Discriminate factor analysis) on W- matrix of associated populations of Bactrocera oleae

Location Predicted Group Membership
IRGL IRGM IRGRA IRGR IRGRO Total
Original Cont IRGL 29 5 11 6 9 60
IRGM 2 47 0 2 3 54
IRGRA 3 0 18 1 7 29
IRGR 9 5 2 34 10 60
IRGRO 1 2 9 8 23 43
% IRGL 483 8.3 18.3 10.0 15.0 100.0
IRGM 3.7 87.0 0 3.7 5.6 100.0
IRGRA 10.3 .0 62.1 3.4 24.1  100.0
IRGR 15.0 8.3 3.3 56.7 16.7  100.0
IRGRO 23 4.7 20.9 18.6 53.5 100.0

*61.4% of original grouped cases correctly classified

6 bgp ol 53 5,5 10) ok ) p 35 VPP  yums
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35 S (el 035 S Ko Sl ) Cumex O Ao ys
L OS5 Oljn (p 7 b o3 AV 4 fiomin Comear (0 (2
SIS s il 1) SKSE Ol o geS oy FAN
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Figure 2. Plot of DFA for Bactrocera oleae (IRGL: Loshan, IRGM: Manjil, IRGRA: Rahmat
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(5T oz IRGRO ¢35, IRGR (3T

Figure 3. Cluster analysis of Bactrocera oleae in Guilan province (IRGL: Loshan, IRGM: Manjil,
IRGRA: Rahmat abad, IRGR: Roudbar, IRGRO: Rostam abad)
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Figure 4. Cluster analysis of Bactrocera oleae in Guilan province (female) (IRGL: Loshan, IRGM:
Manjil, IRGRA: Rahmat abad, IRGR: Roudbar, IRGRO: Rostam abad)

IRGL —
IRGRA
IRGRO

IRGR

T T T T T T T T T T T T T T T T T T T T 1
0.01 0.01 0.02 0.02 0.02

Coefficient
(e IRGM 0l J IRGL)O 525 0 gm0 oS0 Ctlibun o L3l i (laCamer 5 51 31 (glad 5 4 o C"J?”“ -0 S
(3T o2, IRGRO b33, IRGR e3LTam ; IRGRA

Figure 5. Cluster analysis of Bactrocera oleae in Guilan province (male) (IRGL: Loshan, IRGM: Manjil,
IRGRA: Rahmat abad, IRGR: Roudbar, IRGRO: Rostam abad)
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8. ANOVA
9. Box plot
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Table 5. One-way ANOVA on centroid size of geographic populations of Bactrocera oleae

Source df Sum of Squares Mean Square F
Location 4 415378.362 103844.591 81.464***
Error 241 307208.022 1274.722
Total 246 1.060E8
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Table 6 . One-way ANOVA on centroid size between males and females of Bacrtrocera oleae

Source df Sum of Squares Mean Square F

Sex 1 48761.911 48761.911 17.657***
Error 244 673824.473 2761.576
Total 246 1.060E8
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Figure 6- Mean centroid size of geographic populations (IRGL: Loshan, IRGM: Manjil, IRGRA: Rahmat
abad, IRGR: Roudbar, IRGRO: Rostam abad)
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Figure 7- Mean centroid size of sexes (IRGL: Loshan, IRGM: Manjil, IRGRA: Rahmat abad, IRGR:
Roudbar, IRGRO: Rostam abad)
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10. Invasive species
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11. Multiple Introduction
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Abstract

The olive fly, Bactrocera oleae (Rossi) (Diptera: Tephritidae), is a serious insect pest of olive crops in
many parts of the world. There is no study on population structure of this insect In Iran. In the current
research, to investigate morphological variations, geographic populations of olive fly, were collected from
five localities in Guilan province. Fourteen landmarks were selected on wing and the shapes were
compared among populations using geometric morphometric method. Multivariate analysis of variance
and Discriminant Function Analysis were performed on partial warps. The relationship between
geographic populations was investigated through UPGMA algorithms. The geometric morphometric
analysis showed significant variations in the wing shape and size, among geographic populations.
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