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Scree Plot
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Scree Plot

Gender: Female
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Component Matrix

Character Component
1 2 3 4 5 6

LP 187 -.364 .092 -.138 138 022
WP 815 -.394 .009 .086 =212 131
@LE 187 -.095 370 161 219 .087
WE .868 .068 -.021 -.144 -.303 .034
AE .693 198 -.536 136 .146 305
ER .647 .667 272 .068 -.004 015
WR 553 704 -.026 169 .043 -.382
AR 707 -.189 -.102 405 -.009 -.254
MR .864 -.204 .001 012 -.087 .043
LR 730 .103 -.157 -.506 114 -.039
LP WP .069 -.010 164 -.387 597 -.174
LE WE -.025 -.216 525 .390 .661 .075
LE AE .040 -.292 908 014 051 -.223
WE AE .075 -.178 .680 -.329 -514 -.345
ER_WR .049 -.182 498 =172 -.085 709
ER AR -.087 738 346 -.361 -.004 292
ER MR .028 .888 304 .064 .067 -.008
ER LR -.130 233 351 .658 -.339 163
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Component Matrix

Component
1 2 3 4 5 6
LP 932 -.058 -.070 .098 114 -.062
WP 921 113 -.148 -.238 .045 .030
@LE 157 407 -.158 181 158 313
WE 916 .068 .028 -.232 .035 -.174
AE 764 -.335 402 -.168 .006 299
ER .622 .569 472 .095 -.110 -.042
WR 677 181 378 147 471 -.149
AR 742 174 -.339 -.056 -.222 .064
MR .880 .026 -.152 -.002 -.029 .096
LR 718 -.276 .029 430 -.332 -.164
LP WP -.016 -.349 .140 728 150 -177
LE WE -.267 427 -.224 547 141 .607
LE AE -.166 724 -.545 353 117 -.052
WE AE .032 564 -.521 -.039 .034 -.627
ER WR -.031 570 177 -.047 -.746 132
ER AR -.166 367 789 150 123 -.112
ER MR -.281 569 .622 .104 -.088 -.142
ER LR -.278 524 .063 -.639 343 165
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Component Matrix

Component
1 2 3 4 5 6
LP .845 .027 164 .081 156 423
WP 911 -.166 101 -.070 -.048 -.137
@LE 796 136 270 338 161 -.232
WE .819 -.152 305 -.276 -.087 -.062
AE .608 -.587 -.147 -.079 433 -.128
ER 822 386 -.346 -.174 .000 -.027
WR 705 .029 -.544 -.038 -.297 131
AR .689 -.316 -.264 345 -.260 -.011
MR .868 -.131 .059 -.007 -.066 .060
LR 751 -.140 319 -.321 078 -.052
LP WP A17 267 128 217 314 .856
LE WE 131 362 018 795 319 -.252
LE AE 211 719 425 402 =272 -111
WE_AE 142 557 .508 -.194 -.596 .081
ER WR 146 .529 302 -.191 446 -.228
ER AR -.069 .665 018 -.541 323 -.004
ER MR 193 .659 -.540 -.223 .082 -.103
ER LR 238 562 -.695 114 -.072 .010
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Component Plot in Rotated Space

Component 2
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Component Plot in Rotated Space

Gender: Female

Component 2
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(»otio) Eigenvalues

Function | Eigenvalue bl Yo % o Canonical
sSlee | o polia Correlation
&l (Fraon

1 1.538" 60.8 60.8 778

2 A475° 18.8 79.6 567

3 245° 9.7 89.2 444

4 225% 8.9 98.1 428

5 .047° 1.9 100.0 212
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Eigenvalues

Gender Function| Eigenvalue % of Cumulative Canonical
Variance % Correlation

1 6.545 59.9 59.9 931

2 2.602° 23.8 83.7 850

Male 3 781° 7.2 90.9 662

4 .690° 6.3 97.2 639

5 305 2.8 100.0 484

1 2.076 573 573 822

2 .599° 16.5 73.8 612

Female 3 422° 11.7 85.5 545

4 324" 9.0 94.4 495

5 202° 5.6 100.0 410
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1 2 3 4 5

LP -1.334 1.168 -4.972 | -3.775 5.004
WP .637 -1.131 5.093 2.995 -4.865
@LE 317 2.332 2.954 -4.195 | -7.789
WE -3.390 | -3.701 | -4.176 4.356 7.253
AE 3.148 2.164 -.003 =778 271
ER -1.145 | -4.544 4.246 3.111 2.348
WR 1.480 1.888 -3.429 | -1.291 | -2.842
AR 448 -2.102 968 -.682 700
MR -1.225 2.919 -1.281 -.198 -.093
LR .892 -.378 1.041 244 .209
LP WP .607 -.801 3.675 2.194 | -3.587
LE WE | 2.779 2.817 -1.746 7.526 8.523
LE AE | -4.775 | -5.747 | -1.143 | -6.293 | -2.645
WE _AE | 7.341 7.107 1.328 4.514 2.922
ER WR .882 1.131 -2.536 -.407 -2.461
ER AR 274 -2.250 1.354 -1.345 .837
ER MR | -1.076 5.018 -1.914 -.596 -.751
ER LR 486 -.509 .883 -.139 156
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Canonical Discriminant Functions
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Canonical Discriminant Functions
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1

Classification Results

Stationl Predicted Group Membership Total
Bastam | Qazvin | Golestan | Karaj | Masha | Mojen
d
Bastam 19 0 2 3 0 5 29
Qazvin 3 7 1 4 1 0 16
Golestan 2 2 13 2 1 0 20
Count
Karaj 2 1 1 25 0 1 30
Mashad 0 1 1 4 3 2 11
Mojen 1 1 0 3 1 23 29
Bastam 65.5 .0 6.9 10.3 0 17.2 | 100.0
Qazvin 18.8 43.8 6.3 25.0 6.3 .0 100.0
. Golestan| 10.0 10.0 65.0 10.0 5.0 .0 100.0
’ Karaj 6.7 3.3 3.3 83.3 .0 3.3 100.0
Mashad 0 9.1 9.1 364 | 273 18.2 | 100.0
Mojen 3.4 3.4 .0 10.3 3.4 79.3 | 100.0
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Classification Results

Gender Stationl Predicted Group Membership Total
Bastam | Qazvin | Golestan | Karaj [ Mashad | Mojen
Bastam | 9 1 0 1 0 0 11
Qazvin | 0 7 0 0 0 0 T
Golestan | 0 0 S 0 0 0 5
Count
Karaj | 0 0 0 11 1 0 12
Mashad | 0 0 0 1 2 0 3
Mojen | 0 1 0 0 0 6 7
Male | Original
Bastam | 81.8 9.1 .0 9.1 .0 .0 100.0
Qazvin | .0 100.0 |.0 .0 0 .0 100.0
Golestan | .0 .0 100.0 .0 0 .0 100.0
%
Karaj|.0 .0 .0 91.7 |8.3 .0 100.0
Mashad | .0 .0 .0 33.3 166.7 .0 100.0
Mojen|.0 14.3 .0 .0 .0 85.7 100.0
Bastam | 13 0 1 3 0 1 18
Qazvin | 2 6 1 0 0 0 9
Golestan | 1 1 11 2 0 0 15
Count
Karaj | 0 0 1 15 0 2 18
Mashad | 0 0 1 0 4 3 8
Fem Mojen | 0 0 0 2 0 20 22
Original
ale Bastam | 72.2 .0 5.6 16.7 |.0 5.6 100.0
Qazvin | 22.2 66.7 11.1 .0 .0 .0 100.0
Golestan | 6.7 6.7 73.3 13.3 |.0 .0 100.0
%
Karaj|.0 .0 5.6 833 |.0 11.1 100.0
Mashad | .0 .0 12.5 .0 50.0 37.5 100.0
Mojen|.0 .0 .0 9.1 .0 90.9 100.0

a. For split file Gender=Male, 88.9% of original grouped cases correctly classified.

b. For split file Gender=Female, 76.7% of original grouped cases correctly classified.

A



P9 d.;lf‘d} SHgo L odl.oaj.:‘slm 4.:9.9.; QJ;)JQ;)QbASMQkSAuLMJ AREAY Js»
G anb 0e> sla ol o ey A b diged 5l 6 i ws (& S 0318l 3,50 slo psin
S5 o)Wl 090 Slasasie (cwyp g 03le g 5 la dges (5185 Hlai o b bl nl st (e
ool iz Camex o diges 5l a0 YOIV o J iz Caxes sla diges 1 as,0 AAQ
ojlail Blegi g Olyss oaims lis STl gl o g dib 093 sle ] o ey

el o diged jo gz 4l

0.525
0450 —
0.375
0.300
2
©
3
g
= 0.2254
0.150
0.0754 ’_‘ ﬂ
=
-0.075
S 3 5 H < ] £ ES s K g H 4 < £ S g 5
o u & & o &

(S (oogb 5y 00le 5 5 (o Cumez o (o diwd )0 L yiie I S e (638 56 P Jlagas
21 @IS 580 (i cpsb > sk g il sb 098 (se ealine P-Y loged o a5 jshailen
oo odalie AT 5 V=T sl loges b puizman 010 ools 5 5 slo diged oo (gan alws
3 osle sla Comar g (st £ 3 1y (55 6 Gt s s 5 ol s 0y

Sl S @

£



Loading

Loading

0,525

0450

0375

0.300

0.150

0,075

5 T o o = 3 T m m rs
% E] H E] [] % E] H E 5
2 ® £ s 2 3 ;. ] 5, 3 >

oS gk > e 0l Slb Curex groro (gu alws o b il alaS e (A8 5B V=Y loges

0.6

05

0.2

214

LEWE
LEA
WE_AE
ERWR
ER_AR|
ER MR
ERIR

oS s‘ﬁbfﬂfdumw&“‘“ atws o b psis P‘..\SJA 6,88 5L —A-Y Jloges






oz (T EL)pllansy (LS L) LS 51 LS sash 5 s Comaz i aslllae ol o
e Sy oo 8550 (LS L) 25 5 (OOLS EL) (938 ((GodLS EL) ageie (LT EL)
2l booyns o5 L (Gl pae gl (pl )0 Cumexr hypai lae 285 JIF wnan
alols Sooea 5l osle bl adlate 9o ul @)l alold e Sljed ol b pllavy ol
plas 5 (e adlaio g0 51 (lgall) 5yl lo oS all; lawg 53 G55 Eblez oSl o)l
31 BE o5l ay 5 gt Sl 35 50 9 (938 Dgell @S Cuds (Sl bl Ngd (oo lax
5o alols o

Sl bl el (6l G5 35,0 sla oglis (sl s55 Ll oLdl e axals o WS
seall eg a4 e Clél b oo o oLl Aol oli8l (YA49Y) Ashlick ¢ Mayre
59, Rl el b Comaz Gl oldliz Jolsd Soo Ojle 4 05d oo bl Gl 50 5 Ol
OTAY o jo g (g)9) 958 (o0 (2L a slo Comex Ol o ) 0 S

oo wl o il og gpl b oldliz alye Ll b Yoane b Caxas cym L]
b 055) b &lye (ol alols lai oaiiS sgae bele g5 2 5l wSle QLS e
Selgs o318 > 5l g wdl bl wlse Glare 4 allys oo oS (b azl o 5 o)l 0,58 o S

OYAF «6,55) aS oo G Sl b 05 G3,ls o (g 4o 5 00S e
ol (SaSTy 5l auiles ailse 9wl ol QT lad drngl 4 Cond 4555 G Ll LUl S
.Mills and Allendorf, 1996) ol oo (2alS o Caxes loo £45 ijgl e & 6 S ol> )5

aS o,ls vgzg Sl (pl o)lsen (g ,5liS ol S50 0 Ll L@‘JT Ol 0 0F ol Ceioed
b Jls JWsl all eols &, (55,5laS WY game Jsl 5 ,b LQfl sl corex ol bLs)|

(Al



JEsl p ogde wilgs o JWl (pl A 0 w2l 3 b Comaz Gl Calll sl sl 1) A
Gl Comox o BT Wl i gl alie o138 lge g ol bl b Joe o] 4 0 pii> eubiinne
OYAR (6,89) ams zals sl o j0 1) SG5e0e8 90 alold Calise

5 Sz 0SB job 4 (B, LSl pa pwsis SO peie (e Son, oS o
D @Bly Jlod 3550 Alides slo Comex

Geizen 9 PV B YT Jga) i 99 50 lp obj (65105 250 Los S (hn USO8 B ol o
g o3lail oo by Come oy adtin JFelay l L O-Y U Y-V e loges jo plos s

Tobw ;0 SwgignSB o35l slyls aS sl (YL QB jo e [l G isle 008 i S5

¢ Taravati Benitez et al.,Y+\\;Garnier et al.,Y++0) sl gl 4565 155 9 5l 455 gl 45651,8
OF¥F elio

Wl Comez o sy GodlS Zho wilg e 00,5 e S5 oS ol olis anllas ol mls
w1 5l eoliiad gl Lol ¢ el JT o0yl fior mor cpm Slalllas (gl 00,8 iy S oyl i

& SeogiguSl Cho g blime Wb olulid slaadS 5 b wisf 0aisS lr o i
(Simpson, 1961) wil yuite S50 sled 5,5 crm s § ol anlllas 5,50 05,8 1o 45 ol anslie
o ;3 calie (o 03,5 ey JSU ez (950 0L Sl S vy (o0 a4 1Y

OYAY (elo) Cans 43S

Sl Fsliie slo aigS 590 10 Loyl 00,5 Gy ISS @ az i b (e (o slo Dgl (o

O Sleg oy p 4 gl aalllas )3 (Voo V) (e 5 (Solib Cunl 0ad @8l (o) 2 090 VL
Gyim 4,68 SSU 3l oolatwl b g ozl Erodiontes (Coleoptera:Tenebrionidae) coso>
5,90 E. pfaundleri s E. aelleni 545 35 35 oLl Com> 5 yan blagjol ¢ Slbo)l> Comox Lo
sar 455 90 Gl Gl Comez p Gulyls 536 oS v cnl addllae Gl Bue 28,5 15 o)
S s ol ool Sl s 0355 08 6l Coprar oy SIS Doglis 4 8l Lt b g

Yy



Ol WS el ool sl Todl by Cumon ol i a5 0l a5 ol saims ojlis el
O Dol oplaiols las 03 3l gyl pme wglas ol Ll 5| EL pfaundleri 45435 sl Corex
Al 4ds g Lo b sl glaie dae bl e @y Wilgy oo L pfaundleri cossz 9o ojlal
T S o,y b A S esb s e Sla Cumen £95 (o) p addllae ;0 (VYAY) (elio
el 00,8 aSU 1) b Camaz laz 10 00,5 oo (Al owdis

30 Jle sl 09l cod @M YL GB o Ll (gumer Oldlas (o 00,8 o IS Coenl
Scotinophora gy olew (yw @lidre Comex (paiz (55, (V1)) L Ken 5 Cruz a5 Sldlas
@ das g0 Judod 0590 (unid 10 e () Sl S 0l bl coarctata (Fabricius, 1798)
o 03,5 i 63, sl SHlead olo las oyl Gubos bl ad S 18 Cois SIS
Canld o cpl G Comaz Sl (6l cnlio

Js 45" (Gullan & Cranston,2009) o5, oo jleds 4 Y0 B ln (6,50 e So osdls
O |y (Fmaz O Sl S| (rbans 55 gl US55 )18 (o 3590 aslllas 0l 55 0
Ll 4 o s |y b Capmaz o (o 31 (oo Sl psb s 5 sy Jl U5 Jebos o
el b Comoz o 50 500 Gl Judod 4 s (g i o b gl 00 5 s K

dod g Cugb, ( SWL o mhaw 5l e gl ol (6510 5 digas Gblie o (oLl jaer S
Sllllas el oldli g9t adlllan 098 (o (Seiglom SBNS! 590 el &)l 42 )8 5 ops
5 ohile s g oo aldlir Suslt g £o8 Al (o 2l 455 5 S LSl
(Roderick, 1996 ¢4 \YAF ((5,345) il Jaors Loyl 4y 5560951 Cisllag

o gl sl oo o3l 5 IS5 (e 0 Jelows 4l 1 o5 CDA e iz oo ol gl
5 shol glo dilho a4y 20 5l oS pe (g (S panseis 4 ien Cale ST b Cone o
O oS ol Slis (s SloS 5 (SelS pantis 4 el Sl (Sen 4520
Slie b Sl 5 (SEgl slopiie WS (o0 aFie il (oo @l b og )5 G I glis

(Al



Sigils lo pae uoren ol 0 009,5 o L aillais Sien oppion ol &5 an
o ;5085 L sl ansly K05 L oYL (Sed il 6,5 o il Slas ST o>
Fos sl il (Swsor wlal 5 b 09,5 Cglay « SigilS ausels 4z, 05l
s 455 Al e (PB) ately slojite b Ll bls| 5 (oad 6,8 ol i)
saipd Hlis a5 Ladls O lgie 4 eogVlale dlold sy o)lel ( chmex 3,0 £95 Cpuns
as ‘) ‘AL‘B)‘ 090 694..: Sl )QG U“JS) U"‘ Oy 05..4.: < oolawl (Cewla Cozo> Oy usLQJ
3975 Wil (530 gobj el &5 1SS sl 05,5 105 4 pl)l 5 o 005 iy 05,5 Sz g
OB g (29,5 90 Cadlid jlade s XS 4ol eolaiwl jo adly 10 0ged colaiul wle
0 Ll sl o o3 el 0 6,5 o5l caalis e by s a5 La S LS5 (6l b,
ol (Sl (sla ite ) i job 4 Gl (5 o)l (sl o SiglS s 57
o ot s o3, 5510 ol & SplS (sl eite (uSle ke 55k 35 oo ool o

5 Saxena o1 5,15 Sl is wlid Conez 4 bgye Slilllae 1o ge5] ool 5l eslitel s
Sz du didd B350 (303l 0l 5l ooliiul b gy (sloged S 25 59, plislinion jo il Kan
(Saxena and Rueda, ol asin | (Vo) V slacaisn) diog Solaie Coigm aw glylo oS
(1983

@ axg Sy oesb P e Glo Cones g) (pwiis el dalllas L (V1 F) Gow 5 (sleo
G i0)S ojlal Glpl 0y lacimer 4 Cond (ngx Cumex 0 o Jae ST 052
55 sanlie bls o5 gla Cunaz i 65,k sledsls (Sgils IGTL (VWAS)

Yo



5 0l S)go 4 0ol 5 i sl diged (6l Wil sl S g o picie 5l oolinl b CDA. (5051 ol
Uyl Cares oo Sl Sigils (glo pusiin a5 el ol onims lis e o] don o aillos
(Cruz-Castillo et al. 1994) (A-Y § V-V Jglax) wiS o0 g5 (s090>

Sz Olelgl Do osle 5 5 iz Slpde 8550 j0 0dd SO S Cwend 3 &5 jshailes
Toroy @ QLdS Cumexr 5 Slpto 0)90 p0 9 (VT JSK3) sl gl 2l STy e 9 LS
(V-Y J5s) olo ulm; 651)519

HE 253 4 Gblie Koo 5l Jlsald leasS olbliiz au 092y Cle 4 GRS Comazr oz
oL ool g3k ST sede 5 (298 @S cplle (e o Comex Iz g Ll A2y
el 090 5 @l LUl esbys e Glo Comaz o ojls vgzy Jlaixl ol Saioly
5 59098 T glasie Loyl a5 i po. aisl ails Jludl gla codled alewg 4 | (Interbreeding)
ool 5 am0 ialS s |, mez oy Yol pl Wil co bline 1giST prizman o o lidl i
alinlie a2l LB o (S5 £95 0l Gtel 2525 e 50 Al on om0
5 Comd S9790 Lo 50 (omez g 50 o Jleiol ()L (nl (KiSz g 096 5l o bl Sledlbl
Gl &5 39, (oo oS ool (ol @S @ azgi Loy asdly cul (ol & 5l (SeeBS Ol (o0 e
e Sl bS] Lol e asb Sy slo Comar oo diges o] LS 5 e (sl
o8 aiile W1 (G0lS LB 45 ol S 40 a5 (6l Slis o5 59, o il ] Lo Copraz
<8l b 3l o asgnhl 4 Gely 5 NS 058 05 w0,k S e ¢ (SIS s
il o pie aaliy S (b sl la T @ dxg a5 asl 658 s o glas gyl s s 1S
«cleo § Husemann er al., 2014; Foster et al., 1998 )l 5,950 <31 cpl lp aal,lS
\Ya¥

aS (Husemann ef al., . Y-\¥F) cul by 465 5l ol dd> po  cimeom oo Sl s 0l 0 (938)
S&S Hypera postica 455 10 ScogiguSt OMSiw 28, 0 Ailg oo o] yidan 4> 1o adllas

\id



S sl Comex soles b el pl b o) (gl a5 wix> e (Skuhrovec, Y. - q) WS SLL

0,5 1,8 andllas 0550 Lis yo o] SasSTyy asels ;o 4545
2l 9350 30 (S) ad Sldlisee 5 o7 5 pllam Camaz 3550 50 (L) Gy ladlies
63995 U LedS 32 4y 500 6o Comez 5 02 b e 5 plhay Comaz g0 0l Sl bo Cono
9 wbb oo adlate SleagS g oolx 925 s @ ()] L 99z ge Sl LS 5 aril e 4
CodS e oo plis (Sl OB oo aclsl adlaie g0 pl jo (go90> Ul (5 o)L e
3l0 ;b S s 4l arasd 5 gl CuwS g CadS (59, 6l (e jsb 4 Gliee olS
g JSo ST 590 50 Hhiee £45 C8,5 ams (\WWAP) (5,34 .(Awmack and Leater, 2000 )
) Conex al o &5 LS Sl el g Sl Fee Shiee la Cumer (o3l

\A4



DYV STV o g 5 ogee iy mge SBTLVYRY L i e Lelow]

I TS 6hgiS eaSails (deass sl bl - WS (casb B e (o) ITTA L Sidisn g
o $o . 5 oSl

o, 720 laan L egy olSitils oozl oyl el ools Sbl 1391 . o Sbuls
9,25 aikie o Rhynchites auratus (oL S ogb > o 59dom oy - VAT oaxl (L 50
DIV-Y 0 amis ) ol VT ale )5S S50LS Sliiond Ao . 2L (gloslons 5 T 4y 55
oo Jsl otz (QLigll S ) Glnl (6o o o500 (L5 4l b5 Slptr YV Lo ¢ o2y
2L sl o 9 BB Glibos dvasge ol Lal . VA

&lys lhlaasl o5 (65,0l sla 00,9l,8 5 SbLs Bl e ypd. 1340 . 5 2w 7,8

(951 )uobls Liis coad s oleS

Gy olBils Ol )lal (aez 3) (alS lo (5 Loy GBI 09,500 JyuS NYVE i dosme o bl
i VPV 3505wl

i FAF agies Sl sl STl (aaz ) Suislsms o5ole ITVA Lo, dao doms csmgo
(ST By (g A Amisy (sesb B e Sewges (serez i £95 (o) 2 ITAY (lesl slio
Ao Vo F g5 oSS ain

P les o oS alyy pldlhae slbiarer S yiesd o S egss aslllas NYAY Lo s,
Ao VWY ol Jled

i a5l esliiwl Ly sl azmigr slo Comea (S5 £95 (b)) YA cllas 5 e
AL VAT o VoV o lads el oo )lS ol gy 4 s . Seigils

Ol lagbiowl 5l adhie as ;o bl 3 0,5 S fegd )50 oS yiegh anlllas AYAF cnlolz (5,59

YA



Adams,D. C. Rohlf, F.J. and D.E. Slice(2004). Geometric morphometric: ten years of

progress following the revolution, Ital. J. Zool. ,71:5-16

Adams, D. C. and Funk, D. J. (1997). Morphometric hnferences on sibling species and
sexual dimorphism in Neochlamisus bebbianae leaf beetles: multivariate applications of

the thin-plate spline. Systematic Biology,46:180-194.

Alpatove, W. W. (1929). Biometrical studies on variation and races of the honey bee

(Alpis mellifera L.). Q. Rev.,4:1-58

Atchley, W, RHilburn, S. R.(1979). Morphometric variability in larvae of the
Antaarctic fly Belgica Antarctica (Diptera: chironomidae),Can.J.Zool.,57:2311-2318.

Adane, K., D. Moore and S. A. Archer.( 1996). Preliminary studies on the use of
Beauveria bassiana to control Sitophilus zeamais (Coleoptera: Curculionidae) in the

laboratory. Journal of Stored Products Research, 32: 105-113.

Anonymous. (1980). Beauveria Vuill. 1912 Compenidium of soil Fungi.

Balalaikins M (2012) To the knowledge of Latvian Hyperini Marseul, 1863
(Coleoptera: Curculionidae). Zoology and Ecology 22: 23-36.

Benitez HA, Briones R & Jerez V (2011) Intra and Inter-population morphological
variation of shape and size of the Chilean magnificent beetle, Ceroglossus chilensis in

the Baker River Basin, Chilean Patagonia. Journal of Insect Sciencell: 94-109 .

Blackith, R., and R. A. Reyment (1971). Multivariate morphometrics. Academic
Press , New York.

Blackman, R. L. (1992). The use of ordination techniques to discriminate within pest
aphid species complexes. In J.T. Sorensen, R. Footitt (eds), ordination in the study of
morphology, evolution and systematics of insects: Applications and quantitative

genetics rationales. Elsveir Science publishers B.V., Amsterdam.PP.261-275.
VA



Bookstein, F. L. (1982). Foundations of morphometrics . Ann. Rev. of Ecolm and
Systematics, 13:451-470

Bookstein, F. L. (1991). Morphometrics tools for landmark data: geometry and
biology. Cambridge University Press, Cambridge.

Bookstein, F.L. (1998). A hundred years of morphometrics. Acta Zool. Acad. Sc.
Hung.,44:7-59

Bidochka, M. J., F. V. Menzies and A. M. Kamp. (2002). Genetic groups of the insect-
pathogenic fungus Beauveria bassiana are associated with habitat and thermal growth

preferences. Archive Microbiology, 178: 531-537.

Blodgett SL, Lenssen AW & Cash S (2000) Harvest with raking for control of alfalfa

weevil (Coleoptera: Curculionidae). Journal of Entomological Science 35: 129-135.

Bottger JAA, Bundy CS, Oesterle N & Hanson SF (2013) Phylogenetic analysis of the
alfalfa weevil complex (Coleoptera: Curculionidae) in North America. Journal of

Economic Entomology 106: 426-436.

Brosius F (2011) SPSS 19. Hiithig Jehle Rehm.

Claridge ,M.F., and Gillham, M. C. (1992). Variation in populations of leathoppers
(Auchenorycha): Biotypes and Biologycal species. In J. T. Sorensen, R. Footitt (eds),
ordination in the Study of Morphology, Evolution and Systematics of Insects:

Applications and quantitative genetics, rationales. Elsveir Amesterdam. Pp. 241-259.

Cruz LMLD, Torres MAJ, Barrion AT, Joshi RC, Sebastian LS, & Demayo, CG (2011).
Geometric morphometric analysis of the head, pronotum and genitalia of the rice black
bug associated with selected rice types. Egyption Academy Journal of Biological
Science A Entomology 4: 21-31.



Dryden,I. L. and K. V. Mardia.(1998). Statistical Shape analysis. John Wiley &
Sons New York.

Eilenberg, J., N. V. Meyling and A. B. Jensen. 2009. Insect pathogenic fungi in
biological control: status and future challenges. IOBC/ WPRS Working Group Meeting,
22-25 June 2009, Pamplona, Spain, 7-10. Available: http:// orgprints. Org/ 16060.

Erney S, Pruess K, Danielson S & Powers T (1996) Molecular differentiation of alfalfa
weevil strains (Coleoptera: Curculionidae). Annals of the Entomological Society of

America 89: 804-811.

Foster SA, Scott RJ & Cresko WA (1998) Nested biological variation and speciation.
Philosophical Transactions of the Royal Society of London. Series B: Biological
Sciences 353: 207-218.

Husemann M, Tobler M, McCauley C, Ding B & Danley P (2014) Evolution of body
shape in differently coloured sympatric congeners and allopatric populations of Lake

Malawi's rock-dwelling cichlids. Journal of Evolutionary Biology 27: 826-839.

James, F. C., and McCulloch, C.E. (1990). Multivariate analysis in ecology and
systematics: panacea or pandoras box? Ann. Rev. Ecol. And Syst .,21,129-166.
Jolicoeur, P.,(1963). The generalization of the allometry equation . Biometrics,

19:497-499.

Garnier S, Magniez-Jannin F, Rasplus JY & Alibert P (2005) When morphometry meets
genetics: inferring the phylogeography of Carabus solieri using Fourier analyses of

pronotum and male genitalia. Journal of Evolutionary Biology 18: 269-280.
Glare, T.R. (1991). Ecology of entomopathogenic fungi. In: Arora DK, Ajello L,

Mukerji KG, editors. Handbook of applied mycology, vol. 2: Humans, animals, and
insects. New York: Marcel Dekker. Pp 547-612.

AN



Goettel, M.S. and G.D. Inglis. (1997). Fungi: hyphomycetes. In: Lacey, L. (Ed.),
Manual of Techniques in Insect Pathology. Academic Press, San Diego, pp. 213-249.

Goosey HB (2009) A4 degree day model of sheep grazing influence on alfalfa weevil,
Hypera postica, PhD Thesis: Department of Animal and Range Sciences. Montana State

University, Bozeman, Montana. 68 pp.

Gullan PJ & Cranston PS (2009) The insects: an outline of entomology. John Wiley &
Sons. pp. 565.

Hadley A (2008) CombineZM full version.

Hoe, P. K., C. F. Bong, K. Jugah and A. Rajan. (2009). Evaluation of Metarhizium
anisopliae Var. anisopliae (Deuteromycotina: Hyphomycete) isolates and their effects
on subterranean Termite Coptotermes curvignathus (Isoptera: Rhinotermitidae).

American Journal of Agricultural and Biological Sciences, 4(4): 289-297.

Inglis, G.D., M.S. Goettel, T.M. Butt and H. Strasser. (2001). Use of Hyphomycete
fungi for managing insect pests. In: Butt, T.M., Jackson, C.W., Magan, N. (Eds.), Fungi
as Biocontrol Agents. Progress, Problems and Potential. CABI Publishing, Wallingford,
pp- 23-69.

Kaya, H.K. and Y. Teanada. (1984). Insect Pathology. Academic Press, New York. P:
357- 362

Kirkland, B. H., Eisa, A. & Keyhani, N. O. (2005). Oxalic acid as a fungal acaracidal
virulence factor. ] Med Entomol 42, 346-351.

Kendall, D. G, (1985). Exact distributions for shapes of random triangles in convex sets.

Advances in Applied probability. 17:308-329.

AY



Klingen, I., J. Eilenberg and R. Meadow. (2002). Effects of farming system, field
margins and bait insect on the occurrence of insect pathogenic fungi in soils.

Agriculture, Ecosystem and Environment, 91: 191-198.

Koehl, M. A. R.(1996).When does Morphology matter? Ann. Rev. Eco. And Sys.
27,501-42.

Kunkel, J.(1997). Shape change in Biology. Available in:
Htttp://www.bio.umass.edu/biology/kunkel/shape.html.

Kunkel, J. (2001). Shape changes in Biology, D Arcy Thompson's classic fish

transformation. http://www.bio.umass.edu/biology/kunkel.

Kumirai, A. E-mail Communications. natmuse@telconet. Co.zw. Director Natural
History Museum, Zimbabwe.

Losos, J.B.(1990). Ecomorphology, performance capability, and scaling of west
Indian anolis lizard: an evolutionary analysis. Ecologycal Monographs. 60,369-388.
Lacey, L. A., Frutos, R. , Kaya, H. K. and P. Valis, (2001). Insect pathogens as
biological control agents: Do they have a future? Journal of Biological Control, 21: 230-
248.

Liangle, T. (2006). Beauveria bassiana (Bals.-Criv.) Vuill. a biocontrol agent with more
than 100 years of history of safe use. Pest Management Centre, Agriculture and Agri-

Food Canada, Central Experimental Farm. Available: http://www. Rebeca-net. de.

Litsinger JA & Apple JW (1973) Oviposition of the Alfalfa Weevil in Wisconsin.
Annals of the Entomological Society of America 66: 17-20.

Marcus, L. F.(1990) Traditional morphometrics. In Rohlf, J. J. and Bookstein, F. L.
(eds), Proceedings of the Michigan morphometrics workshap. Spec.Publ. No.2.
University of Michigan, Museum of Zoology,Ann Arbor. pp. 77-122

Mayr, E. (1999). Systematic and the O'"rigin of Species From the Viewpoint of a
Zoologist.

2 ™end.Harvard University press, Cambridge.

AY



Mayr, E.,& Ashlock, P. D.(1991). Principles of Systematic Zoology.2™ end.
McGraw-Hill, New York.

Menken, S. B. J., and Raijmann, L. E. L. (1996). Biochemical Systematics: Principles
and perspectives for pest management, The ecology of Agricultural pest, edited by
W.O.C. Symondson and J.E.Liddell.,Published by chapman & Hall, London.
Magalhaes, B. P., J. C. V. Rodrigues, D. G. Boucias and C. Childers( 2005).
Pathogenicity of Metarhizium anisopliae VAR. acridum to the false spidermite

Brevipalpus phoenicis (Acari: Tenuipalpidae). Scientific Notes, 195-198.

Meikle, W.G., A.J. Cherry, N. Holst, B. Hounna and R.H. Markham ( 2001). The
effects of an entomopathogenic fungus, Beauveria bassiana (Balsamo) Vuillemin
(Hyphomycetes), on Prostephanus truncatus (Horn) (Col.: Bostrichidae), Sitophilus
zeamais Motschulsky (Col.: Curculionidae) and grain losses in stored maize in the

Benin Republic. J. Invertebr. Pathol. 77: 198-205.

Meyling, N.V. and J. Eilenberg( 2006). Occurrence and distribution of soil borne
entomopathogenic fungi within a single organic agroecosystem. Agriculture, Ecosystem

and Environment, 113: 336-341.

Meyling, N.V. (2007). Methods for isolation of entomopathogenic fungi from the soil
environment. Archived at http://orgprints.org/11200.

Meyling, N. V. (2008). Ecology of entomopathogenic fungi in agroecosystems.
Available:http://www.scitopics.com/Ecology of entomopathogenic fungi in agroecos

ystems.html.

Morphometrics Suny Stony Brook. (2002). Introduction to multivariate statistics and

geometrics morphometrics. http://www.life.bio.sunysb.edu/morph.

NGDIR (2015) Average annual precipitation map: geological survey and mineral
exploration of Iran, Ministry of Industries and Mines Tehran, Iran.

http://www.ngdir.ir/maps/Average AnnualPrecipitationMap.asp.

AY



Ouedraogo, R. M. (1993). Investigations on the use of the fungus, Beauveria bassiana
(Hyphomycetes: Moniliales) for control of the Senegalese grasshopper, Oedaleus
senegalensis  (Orthoptera:  Acrididae). Doctoral dissertation, University of

Ouagadougou.

Pachamuthu, P. and S. T. Kamble.( 2000). In vivo study on combined toxicity of
Metarhizium anisopliae (Deuteromycotina: Hyphomycetes) strain ESC-1 sublethal
doses of chlorpyrifos, propetamphos, and cyfluthrin against German cockroach
(Dictyoptera: Blattellidae). Journal of Economic Entomology, 93(1): 60-70.

Pavlinov, 1.Ya.(2001). Geometric morphometrics , a new analytical approach to
comparision of digitized images. Zoological Journal of Moscow. 79:1-27.

Pell, J. K., J. J. Hannam ,D. C. Steinkraus. 2010. Conservation biological control using
fungal entomopathogens.Journal of Biological Control. 55:187-198.

Pimental, R.A.(1979). Morphometrics, the multivariate analysis of biological data,
Dubuque: Kendal/Hunt.

Pizzo A, Mazzone F, Rolando A & Palestrini C (2011) Combination of geometric
morphometric and genetic approaches applied to a debated taxonomical issue: the status
of Onthophagus massai (Coleoptera, Scarabaeidae) as an endemic species vicarious to

Onthophagus fracticornis in Sicily. Zoology 114: 199-212.

Pizzo A, Mercurio D, Palestrini C, Roggero A & Rolando A (2006) Male differentiation
patterns in two polyphenic sister species of the genus Onthophagus Latreille, 1802
(Coleoptera: Scarabaeidae): a geometric morphometric approach. Journal of Zoological

Systematics and Evolutionary Research 44: 54-62.

Poulin, R..,Wise, M., and moore, J.(2003). A Comparative analysis of adult body
size and its correlates in acanthocephalan Parasites. International Journal for

Parasitology. 33,799-805.

AD



Pretorius E & Scholtz C (2001). Geometric morphometrics and the analysis of higher
taxa: A case study based on the metendosternite of the Scarabaeoidea (Coleoptera).

Biological Journal of the Linnean Society 74: 35-50.

Quesada-Moraga E & Vey A (2004). Bassiacridin, a protein toxic for locusts secreted
by the entomopathogenic fungus Beauveria bassiana. Mycological Research 108: 441-
452.

Renaud, S.(1999). Size and shape variability in relation to Species differences and
climatic  gradient in  the  African rodent  Oenomys. Journal  of

Biogeography.26,857-865

Reyment, R. A.(1991). Multidimensional Paleobilogy. Pergamon Press, New York.

Rohlf, F. J.,(1990). Morphometrics. Annual Review of Ecology and Systematics.
12:299-316.

Rohlf, F. J., and Marcus, L. F.(1993). Arevolution in morphometrics. Trends in
Ecology and Evolution. 3:129-132

Rohlf, F. J.(1996). Morphometric Spaces, Shape Components, and the effects of

linear transformations Plenum press.

Rohlf. F. J. (1998). On applications of geometric morphometrics. To studies of
ontogeny and phylogeny. Systematic Biology, 47: 147-158.

Rohlf, F. J. and Bookstein, F.L. (1990). Proceedings of the Michigan Morphometrics
Workshop. University of Michigan Museum of Zoology Special Publication 2.

Rohlf, F. J. and Slice, D. (1991). Generalized rotational fit methods, Version 1.0.

http://www life.bio.sunysb.edu/ee/rohlf.

AF



Rohlf, F. J., Loy, A. and Corti, M. (1996). Morphometric analysis of Old World
Talpidae (Mammalia, Insectivora) using partial-warp scores. Systematic Biology.

45:344-362.

Rohlf, F. J. (1997). NTSYS-pc (v. 2.02), Numerical Taxonomic Systems. Exeter

software site, http:// www.users.AOL. Com/Exetersftw.

Rohlf, F. J. (1997). TpsPLS(V. 1.01): Partial least squares. Department of Ecology and
Evolution, State University of New  York  at Stony  Brook,

http://www life.bio.sunysb.edu/morph/softwares.

Rohlf F (2009) tpsUtil version 1.44. New York State University at Stony Brook. http ://
life.bio.sunysb.edu/morph/index.html.

Rohlf FJ (2013) tpsDig: State University of New York, Stony Brook, New York.
http://life.bio.sunysb. Edu/morph/index.html

Roggero A (2004) Analysis of shape variation in Phalops Erichson genus (Coleoptera,
Scarabaeoidea, Onthophagini). ltalian Journal of Zoology 71: 73-78.

Roggero A, Giachino PM & Palestrini C (2013) A new cryptic ground beetle species
from the Alps characterised via geometricmorphometrics. Contributions to Zoology 82:

171-183.

Saxena, R. C. and Rueda, .M. (1983). Morphological Variations among three brown
Planthopper biotypes in the Philippines. International Rice Research Newsletter.8:3-4.

Slic, D. E.: Bookstein, F.L., Marcus, L.F. and Rohlf, F.J. (2001). A Glossary for
Geometric Morphometrics. http://www.life.bio.cunysb.edu/morph/glossary.

Siegel, A. F.,and Benson, R. H.,(1982). A robust comparition of biological Shape,
Biometrics,38,341-350

Simpson GG (1961) Principles of animal taxonomy. Columbia University Press, New

York. 247 pp.

AY



Skuhrovec J (2009) Digital-Weevil-Determination for Curculionoidea of West
Palaearctic.  Transalpina:  Hypera/Limobius/Metadonus  (Hyperinae: Hyperini):

Snudebiller 10, Studies on taxonomy, biology and ecology of Curculionoidea (ed.
CURCULIO-Institute, Monchengladbach, Germany), pp. 39-47.

Sundberg, P. (1989). Shape and size —constrained Principal component analysis,

Systematic Zoology. 38,166-168

Shah P. A., J. K. Pell. Entomopathogenic fungi sa biological control agents ( 2003).
Journal of Appleid Microbial Biotechnology. 61:413-423.

Sosa-Gomez, D.R., K.E. Delpin, F. Moscardo and J.R.B. Farias ( 2001). Natural
occurrence of the entomopathogenic fungi Metarhizium, Beauveria, Paecilomyces in
soybean under till and no-till cultivation systems. Neotropical Entomology, 30(3): 407-
410.

Strasser H, Vey A & Butt T (2000). Are There any Risks in Using Entomopathogenic
Fungi for Pest Control, with Particular Reference to the Bioactive Metabolites of

Metarhizium, Tolypocladium and Beauveria species? Biocontrol Science and

Technology 10: 717-735.

Summers CG (1998) Integrated pest management in forage alfalfa. Integrated Pest
Management Reviews 3: 127-154.

Sun B.D. and X. Z. Liu. (2008). Occurrence and diversity of insect-associated fungi in

natural soils in China. Journal hompage: www.elsevier.com/locate/apsoil.

Tabugo SRM, Torres MAJ, Olowa LF, Sabaduquia MAB, Macapil RM, Acevedo AM
& Demayo CG (2012) Elliptic Fourier analysis in describing Shape of the mandible of
the larvae of the coconut leaf beetle Brontispa longissima Gestro, 1885 (Chrysomelidae:

Hispinae) collected from plants with varying degrees of damage. International Journal

of Biological Science 1: 19-26.

AN



Tanda, Y. and H. K. Kaya.( 1993). Insect Pathology. San Diego, CA, USA Academic
Press, 666 p.

Taravati S, Darvish J & Mirshamsi O (2009) Geometric morphometric study of two
species of the psammophilous genus Erodiontes (Coleoptera: Tenebrionidae) from the
Lut desert, Central Iran. Iranian Journal of Animal Biosystematics 5: 81-89.

Todorova, S.I., C. Cloutier, J.C. Cote and D. Coddere. (2002). Pathogencity of six
isolates of Beauveria bassiana (Balsamo) Vuillemin (Deuteromycotina, Hyphomycetes)
to Perillus bioculatus (F) (Hem., Pentatomidae). Journal of Applied Entomology. 126:
182-185.

Thomas, K. C., G. G. khachatouriansand). and W. M. Langledew. (1987). Production
and properties of Beauveria bassiana conidia cultivated in submerged culture. Canadian

Journal of Microbiology, 33: 12-20.

Tohidfar M, Zare N, Jouzani GS & Eftekhari SM (2013) Agrobacterium-mediated
transformation of alfalfa (Medicago sativa) using a synthetic cry3a gene to enhance

resistance against alfalfa weevil. Plant Cell, Tissue and Organ Culture 113: 227-235.

Vey A., R. Hoagland and T.M. Butt.( 2001). Toxic metabolites of fungal biocontrol
agents. In: T.M. Butt, C.W. Jackson, N. Magan, editors. Fungi as biocontrol agents:
progress, problems and potential. Wallingsford, UK: CABI International. pp 311 346.

Vilcinskas A. and P. Gotz. (1999). Parasitic fungi and their interactions with the insect

immune system. Advances in Parasitology 43:267 313.

Walker, J. A. (2000). Ability of geometric morphometric methods to estimate a known
covariance matrix. Systematic Biology. 49:686-696.

Waseem, A., J.C. Lord, J.R., Nechols and R.W. Howard. (2004). Diatomaceous earth
increases the efficacy of Beauveria bassiana against Tribolium castaneum larvae and

increases conidia attachment. Journal of Economic Entomology. 97(2): 273- 280.

A4



Weins, J. J.(1999). Polymorphism in Systematics and Comparative Biology.
Annual Review of Ecology and Sytematics. 30,327-362.

Zahiri B, Fathipour Y, Khanjani M, Moharramipour S & Zalucki MP (2010a) Modeling
demographic response to constant temperature in Hypera postica (Coleoptera:

Curculionidae). Journal of Economic Entomology 103: 292-301.

Zahiri B, Fathipour Y, Khanjani M, Moharramipour S & Zalucki MP (2010b)
Preimaginal development response to constant temperatures in Hypera postica

(Coleoptera: Curculionidae): Picking the best model. Environmental Entomology 39:

177-189.

Zimmermann, G. (1986a). The ‘Galleria bait method” for detection of

entomopathogenic fungi in soil. Journal of Applied Entomology, 102:213-215.

Zimmermann, G. (1986b). Insect pathogenic fungi as pest control agents. In Franz, J.

M. (ed.), Biological plant health protection, Fortschr. Zoology, 32: 217-232.

Zimmermann, G. (1993). The entomopathogenic fungus Metarhizium anisopliae and its

potential as a biocontrol agent. Pesti. Sci. 37:375-379.



Abstract

Rhynchites auratus is a Palearctic pest that has distributed in Iran and that is most
important pests in orchards. According to lack of information on different Iranian
populations of this weevil, in this project five populations in the vicinity of three cities:
Bastam, Mojen, Gorgan, Karaj, Quzvin and Mashhad have been selected for geometric
morphometric study. Geometric Morphometric were used as a powerful instrument for
quantitative statistical shape analysis of three structures; pronotum, elytra and rostrum.
Univariate analysis for metric characters and multivariate analysis (multivariate of
variance analysis, principle component analysis and discriminant analysis) in geometric
morphometric and classical morphology were used. The geometric morphometric
approach showed significant differences in the mainly shape of pronotum and also in
the shape of the elytra and rostrum. The results of this study indicate separation of
Golestan population from other populations. This separation is probably caused by

environmental and ecological conditions on different populations.

Keywords: Rhynchites, Geometric Morphometric
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