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5 . Sexual strain = Arrhenotokous
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1 . Superparasitism
2 . Multiparasitism
3 . Solitary parasitoids
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Figure 1. Adult female (a) and male (b), as well ovaries (c), and eggs (d) in the parasitoid wasp,
Lysiphlebus fabarum
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14 . IBM® SPSS® Statistics (Version 20)

NS p o oS 2,5 5 b Ble Jsb O !
CLeSess o3Il 5 ldess Colus uzean 5 by 5o
b S o3l o
Sl Julo 3 4 325
3339 4 kb wedd alb Ol e slu L LU s
4 0T (5 ool 5 a8 05 gy Jite i
ol O}a)"l. S sbes o Gobel ot Ot skl
S aylse ple ya Al eslatal “néjb 35 eiloly o
5 i Slesle ome Sugds) ke &S s a
Vs b G bl 4 bl 05T Sl (i 2
0031 3l o3lizal b baog 8 o oMl s S 05l

9 . ImageJ

10 . Independent variable
11. Two-way ANOVA
12 . One-way ANOVA



Lysiphlebus fabarum . s 31,L 555 614658 05,5 oy OKas 5 woes OA

23 G dgeS 25 5 b Bl dsb) b o5l

23 U S JUSCIN JU R LRCIRE N R
Bolae 315 a4 Cas LOT cpllly &S (slosle 5 5 (slay s
S s g odd (B me Obje @ 5 3l F3g) cOlejes
Olads o1l alie job a4 (0 Jgue) CEIL (6 )ls sae
Cosd 35 g b (Slrosle s sl 5 s o1

(8 Jse) 25 55 15 b jme s dol 3T

&

S

Lo o5l o M sbainsy mb b sl
el b aglie 53 ety Sl e ¢ 58 fabarum
Mohseni ) dis 715 cwier G i 4 2o (S04
osle 5 5 slag,Y & b ol oL S (et al., 2016
sl B ol sl iy Ly 53 o G5
S5 e Gl slayY Caws Ol S Cul
3 i Sosle #15 Ol e 4 o Saesle 5 5 slag,yY)
S sl ol adlllas il )3 (Sl (i b

$ 5 K Gl glsly o (S5 el
SIS 0555 ) SamS S5y Sl SKon g5k
venturia & 5l 585 oo e gl 10K 5t
o sy gwr slasly & canescens (Grav.)
WOl wla o 5 gl L6 bl
By Ll 3 edd W5 25 sl 5 ek L3,
ol A Sy ks g0 OL 3 5 Sl ety S5 3 g
Al Ol oRasle3T 5 aeyie Lalys s 515 5
.(Reineke et al., 2004; Roberts et al., 2004)
S 5l Ol g5l adlllas (Gdes opl s b alie
Lo 50k 58 omi b 5 (i 215 93 o S,
4 Oljer (dre Ll s )3 5 en s O it fabarum
AL B Sy e sl Z5 (Gl sae b
Sy 095 Jsb (e 5131 (LS sla s b Gollas
Amerietal., ) wzals o o5l 3l Cud (550U S
S13 o 095 Jsb o8 ol LWl LB ol 1L (2015

ASL }1«5 PR Q‘.‘

osb add Gome s sl 5SS e glaesle oS
il g sl OT 5l b g8 sl (gyls sne
sk 4ol g3 glaosks C’L‘)V-“ S Ll b s oo
53 sl 3D (i 315 1 1 (6 phy Sl (6,13 e
Ls 2l osle SN gz b 15 £ L anlis
(X i 55 s, duglie)

U Cos i 35 s edd b Ol i sl
RIS 3 i S Gyt LB E NG e o
S sl 03 S pa sl e Al 1 sl
(Y Jgdor 53 WO st dus i) s gy guizr b g gt S5
S35 PGrn Suslsl 5 (et 35 53 alhe b o
sl gols gmn U 315 ol gk als Sl i sluw
Slaosle jisgs bomn o&a 53 315 ol 5 o 2
o3le Olejon (5 ne 53 S J s s alb s s
4 lresle B ome Coglgl immen 5 315 95 la
AL Gl g 515 51 6 S Gl:;’ Sl gae b
LY Jgd 55 ) st 4 lie) Ll

AL Ll Sl i g s olase S sl 8 oKs
awlie 3)40 B me Calibes lacs Jl 53 oI5 95 (ol
o> JolS 0t 5 gl s Sl o it 123 515
"o e sl gl Sl e glaoske (B pae
loosle 5 me o gyl pman 5 315 53 slaeske Ol
Sl Gin 03,5 3 Jlagae D Oady e b
¥ Jgie) a8

do o iy (S0)33 Jsb codaT sty il b ollas
315 3 5l baesle b yme ol b ot 55 a5 WL
Jsb o oS i Comamr )3 (F o) 835 13
S5 ol slesle 8 s o> wn 15 G 6593
235 Kdgy edd (B me S35 (g b Slresle 4 S
5353 P sl 53 Gy 055 dgb o 5 SV sk ¢ Jlis
oU oS 5 g o8 315 53 A edalive (i 8 Slaosle
Sesle (B e Co gl Ll h 5o (giddy o) Jsb 5
SYsb 4 e Olojen (5 pme Lyl 8 5 Ad o 515 0l

(‘; J)b).&.&)‘}w“cbdu\&)o‘)jbd}bg&l



) WAF Jlo oY oyles o e ¢ ALE ST Sliions

5Ly ol dasls Olejan (3 yme) (3 me i 5 5 (o 28 b (o) 5535315 548 b 55 bl 4 2 DI ST =Y Jgus
Aphis fabae Ssb ol i (s 5, Lysiphlebus fabarum geus 2l LalS” ol i slias (655 (g b b quim

Table 1. Two-way ANOVA of effects of wasp strain (sexual or asexual) and order of introductions
(together, priority with sexual or asexual strain) on number of emerged adults of Lysiphlebus fabarum
reared on Aphis fabae

Dependent variable Source of variation df F P

Wasp strain 1 48.625 <0.001
No. of emerged adults  Order of introductions 2 19.351 <0.001
Wasp strain * Order of introductions 2 95.050 <0.001

Residual df 58

i b 5 e sl 3 7 Lysiphlebus fabarum geus sl LS Sl i slis (Glae sllas +) ¢r:§5‘:* -Y Jgd

A3 g0 (B e DL ol 425 p 9> e o)y Fr o4y Hla g L Olejan 5k 4
Table 2. Mean (£SE) number of emerged adults of Lysiphlebus fabarum that sexual and asexual strain
individuals were introduced simultaneously or by priority to 40 2™ instar of Aphis fabae

No. of emerged adults

Sexual (male) Asexual (female) F df P

Order of introductions

Introducing strains together 8.67 + 0.99 Ab* 442 +129 Bb 682 122 0016

Priority with sexual strain

2438+ 1.94 Aa 1.13+0.40 Bb 138.38 1,14 <0.001

Priority with asexual strain

1.92+0.71 Be 10.42 £ 0.88 Aa 56.16 1,22 <0.001
F=87.92;df=2,29; F=19.77; df=2,29;
P <0.001 P <0.001

wlie Cog o shyls sldel ,lu OLSS S,ae doold 53 asls ow gyl gme M| 5,5 alie o> (slls slael®
(Tukey 05037 b b5l 4 525) bl OLSS 315 &K 53 (3 me Calides Lol & (615 sime C9Dast| S 587

*Means within an introduction condition bearing the same upper case letter, and means within a wasp
strain bearing the same lower case letter, were not significantly different (ANOVA followed by Tukey

test)

S L Ol S8L 4 3555 e 4 Lo 1 (1986
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Table 3. Mean (+SE) total number of mummies and total number of emerged adults of Lysiphlebus

fabarum that sexual and asexual strain individuals were introduced simultaneously or by priority to 40
2" of Aphis fabae

Order of introductions Total number of mummies Total number of emerged adults
Introducing strains together 1533 + 1.15 b* 13.0+122b
Priority with sexual strain 2838 +2.09 a 250+2.03 a
Priority with asexual strain 1533+ 1.18 b 1233+ 0.97 b

F=24.61; df=2,29; P <0.001 F=26.09; df=2,29; P <0.001

(Tukey 50371 byl a0 525) L, (64ls cme CoDus| wlie Cog > (gl sldel O g a 5™
*Means bearing the same letter were not significantly different (ANOVA followed by Tukey test)

ol 423 (g9, 3L 3, 5 Lysiphlebus fabarum s, 555 Goo) sitsy o595 Job Gl slas &) - Kile =F Jgo

u\lbﬁoﬁgﬂqubyo)xf' AJJ‘JsLJ_}j)\LLQh)rﬁ)}bMwﬂjwébcbbgclb\pthabaewb

Table 4. Mean (+SE) developmental time (day) for Lysiphlebus fabarum males and females emerging
from Aphis fabae that sexual and asexual females were introduced simultaneously or priority to 40 2™
instar aphids

Developmental time

Order of introductions

Sexual (male) Asexual (female)
Introducing strains together 11.94 % 0.069 b 12.62 4008 a
Priority with sexual strain 11.08+0.05 ¢ 11.44 044 b
Priority with asexual strain 1270+ 015 a 12.09 = 0.00 b
F=84.08; df=2,319; P <0.001 F=9.99; df=2,184; P <0.001

(Tukey 650371 il sls @ 52e5) L, (6,ls sme Ol ailie Cog o (g1l sldel O g a 5™
*Means bearing the same letter were not significantly different (ANOVA followed by Tukey test)

0 Sl Jeols Aphidius colemani Viereck , Lysiphlebus testaceipes (Cresson) s, 4,5 55 sla,ss)
Volkl and ) cilas e 65 Olge 4 45 &G Gl 5 bg,Y Gl68 o oy s 6,50 (el ¥ 51 28 b 5,108
.(Stadler, 1991
3R Sy m 395 g L3, paela YF L o Jsl s L. fabarum sz b SN Gl aalllas sl b il
o o g ¢ 55 4 (Ameri €t al, 2015) i b 4 Cad i 3131 50l ST (6 0555 U5k ok e e o)
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S Sl s Shay JB ol gl LS i B 015 Godd G 555 Sl e (g Olal 5 el a5 5 el
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Table 5. Mean (+£SE) hind tibia length and head width for Lysiphlebus fabarum males and females
emerging from Aphis fabae that sexual and asexual females were introduced simultaneously or priority
to 40 2™ of Aphis fabae

Order of Hind tibia length Head width

introduction Sexual (male) Asexual (female) Sexual (male) Asexual (female)
Introducing

strains together 0.466 £ 0.005 a 0.442 +0.006 a 0.390 £ 0.003 a 0.371 £0.008 a
Priority with

sexual strain 0.470 £0.008 a 0.436 £0.017a 0.386 £0.005 a 0.370 £0.013 a
Priority with

asexual strain 0.475+0.01 a 0.440 = 0.006 a 0.332+£0.007 a 0.394+0.013 a

F=0.32; df=2,272; F=0.16; df=2,165;
P=0.73 P=0.94

F=0.21;df=2,316; F=0.78; df=2,176;
P=0.81 P=0.46

(Tukey O350 L ool 4 52) L (6 ls pae Vsl aplie (g o s yls Slel & g ,a 5o*

*Means bearing the same letter were not significantly different (ANOVA followed by Tukey test)
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Table 6. Mean (+SE) ovary size, egg size and egg load for Lysiphlebus fabarum females of asexual
strain emerging from Aphis fabae that sexual and asexual females were introduced simultaneously or
priority to 40 2™ instar aphids

Order of introductions

Ovary size (mm)

Egg size (mm) Egg load

Introducing strains together
Priority with sexual strain

Priority with asexual strain

0.071 £0.0029 a

0.076 £0.0049 a

0.084 £ 0.0066 a

0.002 £+ 0.000098 a 204.25+10.89 a

0.002 £ 0.000069 a 211.78 +21.12 a

0.002 £0.00013 a 210.68 +7.45a

F=1.02; df=2,125

P=0.37

F=0.19; df=2,125
P=0.82

F=0.13; df=2,124
P=10.88

(Tukey 05057 L el ls 4 j25) L5, SoId gae Nl wlie o9 > (6115 sldel O g o ¥

*Means bearing the same letter were not significantly different (ANOVA followed by Tukey test)
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Abstract

In superparasitism, a host is parasitized by one or more conspecific females, a phenomenon
resulting in immature competition within the host’s body. In the present study, the competition
between sexual and asexual strains of the parasitoid wasp, Lysiphlebus fabarum (Marshall)
(Braconidae: Aphidiinae), was studied in simultaneous and successive introductions. The biological
traits by both strains were determined in surviving individuals of superparasitized aphids as well. For
this purpose, eight wasp females of each strain were introduced into 40 second instar of black bean
aphid, Aphis fabae Scopoli, simultaneously or by a 24-hour priority. Our results revealed that the
early introduction of each strain had a significant effect on the number of emerging adults of that
strain. However, in simultaneous introduction, a greater number of sexual progeny emerged than
asexual ones. The development time of sexual progeny was significantly decreased when their
females were introduced earlier into the host aphids. Other morphological and biological traits (hind
tibia length, head width, ovary area, egg load and egg size) of surviving individuals of
superparasitized aphids were not affected by the oviposition sequence of the strains. The findings
showed that sexual L. fabarum females were successful in competition with asexual females, the
superiority of which could be more important in a host limitation conditions.

Key words: Aphis fabae, biological characteristics, larval competition, egg load, egg size

*Corresponding author: a.rasekh@scu.ac.ir



