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Introduction

The competition for limited resources is a common ecological interaction among animals. In most of insect

parasitoid communities, different species compete for specific resources both in larval and adult stages.
Intraspecific competition play a role in the size, structure, stability of insect communities and even it determines
the fitness of species. Moreover, understanding how competition influences on different insect species is
essential for basic ecological studies and pest control issues. The outcome of competition between adult

parasitoid insects depends on host finding, dispersal abilities, reproductive capacity, ability to fight, and
physiological coordination with the hostWhile the outcome of competition in the larval stage can be influenced

by differences in the growth rate of the parasitoid, the stage and physiological state of the attacked host, the order
and the time intervals between oviposition and the evolutionary history of the species. Competition among larvae

can affect the development of adult parasitoids because the surviving individual or winners might to pay high
costs for competency due to quantitative and qualitative changes in host resources.

Materials and Methods

The current study was carried on to determine the effect of intraspecific competition on searching efficiency
and oviposition strategy of Habrobracon hebetor Say on 4th instar larvae of Heliothis viriplaca (Lep.:
Noctuidae) at seven competition and four adult density levels (1, 2, 3 and 4) of parasitoid wasps per the spring
chickpea plant (c.v. Bivanij). All plants were grown under controlled climate conditions (25 = 1 °C, and a light
period of 16: 8 hours). Then, 10 fourth instar larvae of H. viriplaca per plant were released and allowed to feed
and establish prior starting the experiments (about three hours). Then, fertile female wasps with different
densities (2, 3 and 4) in separate treatments and a competitor free control treatment (one fertile female wasp per
plant) introduced to each microcosm unit and after 24 and 48 hours, the number of parasitized and oviposited
larvae on each host plant recorded, but the number of eggs oviposited on each host larvae recorded at the end of
48 hours. All eggs laid at each competitive level were kept separately until the emergence of adults to record sex
ratio and mortality rate.

Results and Discussion

The results showed that, the searching efficiency of H. hebetor decreased with increasing the level of
competition, so that, the highest searching efficiency was recorded after 48 hours, in control treatment and at a
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density of four parasitoid individuals as 0.178 + 0.002 /hour and the lowest value at the level of 12 H. hebetor
eggs per host larva and density of two parasitoid females as 0.023 + 0.004/ hour. As the density levels of
parasitoid increased, the searching efficiency was decreased to a density level of three, but then it increased at
four individuals per chickpea plant. The interaction effect of density x competition was not significant, in other
words, these two factors independently influenced on searching efficiency of H. hebetor. Time had a positive
effect on searching efficiency so that, at all levels of competition and at different densities of parasitoid wasp, the
difference was statistically significant. With increasing density of H. hebetor per plant, at all competition levels,
the oviposition rate was increased, which means that the simultaneous presence of several parasitoid individuals
does not have any negative effect on oviposition rate. Competition had a negative effect on the oviposition rate
of H. hebetor, as the highest oviposition rate recorded at one individual and lowest competition level as 14.7 +
2.1 eggs and the lowest rate occurred at four individuals per host plant and competition level of 12 parasitoid
eggs as 6.4 £ 0.05 eggs. At all competition levels, regardless of density, sex ratio was not affected by
competition and other factors sounds influential in this regard, however, the difference between the ratio of
female to male population at competition levels of one and two was greater than other levels. Moreover, the

mortality rate has been increased with increasing competition levels, so that the lowest mortality percentage
occurred at the level of one and two and the highest at the competition levels of 10 and 12.

Conclusion

Given the significant differences in searching efficiency and other factors studied, it can be concluded that
the number of competing larvae in a host affects the suitability and vigor of adult parasitoid wasps. However, it
should be noted, that in some cases, competition does not directly affect searching capability, but instead, by
reducing other factors, such as morphological characteristics (body size, ovary size, number and size of eggs,
size of hind legs, wing size), and biological characteristics such as oviposition period will influence on the
searching abilities of parasitoids indirectly.The study of H. hebetor parasitoid wasp foraging behavior showed
that at high densities, it avoids competing with other conspecific individuals. Anyway, regarding the prevalency
of competition among released natural enemies in greenhouses and fields, the study of this interaction from
laboratory to fields is being recommended.
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Table 1- Mean comparison (z standard error) of oviposition rate and searching efficiency of Habrobracon hebetor to 4" instar
larvae of Heliothis viriplaca after 48 hours

Oyt gl 29895 5515 9 S, sl Sl £A (55 i (2l )5 $)1Se3G Gl
Source of variation Competition and density Levels Searching efficiency (48 hour) Oviposition rate
1 0.153+0.01%" 32.35+2.48%
2 0.138+0.012 31.0+2.452
i) e 4 0.118+0.0092¢ 27.27+2.2%
A 6 0.102+0.009% 25.4+2.110°
Competition Levels 8 0.096:+0.008% 20.62+1.57%
10 0.089+0.009¢ 19.57+1.58¢
12 0.080:+0.0084 17.87+1.42¢
1 0.141+0.0092 10.9+0.68¢
WSy zoaw 2 0.084+0.006° 20.4+0.75°
Density Levels 3 0.09620.006° 30.07+1.04°
4 0.122+0.0072 38.1+1.63?

(0 Jleis] aw ( S55 esl) wibn 70 Jloin) s 53 cilisie (sl o (I3 sine GBS 0ind Ui iy 3 Cgliste oS gy>
* Means followed by different letters in each column are significantly different (Tukey test, P < 0.05)
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95,3 Heliothis viriplaca s,ka cw 9,¥ (59, Habrobracon hebetor (g8 socima (1,15 (5 libis! (glad &) il dullo -F Jgu>

Celw £A 5 Y€ 5b;

Table 2- Mean comparison (+ standard error) searching efficiency of Habrobracon hebetor to 4% instar larvae of Heliothis

viriplaca after 24 and 48 hours

<) b

Competition Levels

o515 Zobw

Density Levels

S e 2,8
Searching efficiency

Celw Y€ Celw €A
24 hours 48 hours

1 0.071%0.008% 0.154+0.024%¢8

2 0.066+0.0082 0.1510.029¢B

w 4 0.0710.007A 0.144+0.026 2cB
7 6 0.057+0.0124 0.137:+0.025 abeds
Density 1 8 0.0510.008~ 0.137+0.025 2bcdB
10 0.042+0.011A 0.132+0.026 2bcdB
12 0.27+0.007A 0.129+0.020 2beds
1 0.058+0.009% 0.130+0,0147¢0E
2 0.046+0.006%A 0.108+0.0152bcc8
oy 4 0.041+0.006 A 0.087+0.013 abed
7 6 0.034+0.007 A 0.072+0.013 becB
Density 2 8 0.033+0.004 A 0.0680.012 °#®
10 0.31:0.005 bA 0.0690.014 c®

12 0.23+0.004 bA 0.053+0.009 ¢

1 0.061+0.006% 0.149+0.017%¢8
2 0.059:£0.0062A 0.127+0.017 2beds
py 4 0.048+0.0052¢A 0.115+0,013 abed
7 6 0.035:0.006¢A 0.093+0,012 abed
Density 3 8 0.0340.006A 0.073+0.012 bede
10 0.032+0.006 A 0.062:£0.008 °#®

12 0.026+0.006 A 0.056+0.012 ¢

1 0.08+0.000%A 0.178+0.022%

2 0.082:0.007 A 0.166:0.025 28
y 4 0.047+0.006A 0.125+0.017 2beds
7 6 0.043+0.005 bA 0.1080.014 2bcds
Density 4 8 0.035+0.006 ™A 0.104,.011 2bedB
10 0.034+0.005 bA 0.092:+0,012 abed

12 0.0340.007 %A 0,830,010 2bcd8

(40 Jlos) o (S5 (y90T) Al so 70 Sl g 3 cilisen (6l lass s ©gli5 013 GLES (yias 1o 53 S B
(T- test 090)'1) Wil oo el YA 9 VF loj 93 50 gt (bl o glas sniad Hlis Jlaw o 3 55 By > *

* Means followed by different letters in each column are significantly different (Tukey test, P < 0.05)

*Means followed by different capital letters in each row are significantly different (T- test, P < 0.05)
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Table 3- Mean comparison (+ standard error) of oviposition rate of Habrobracon hebetor to 4™ instar larvae of Heliothis
viriplaca after 48 hours

<) ok

Competition Levels

GoliReSS (50
Oviposition rate

o515 Zobw

Density Levels

14.7+2.1™M9
14.3+1.9 Mo
13.2+1.4™M9
10.6+1.6M
9+1.59
7.8£1.29
6.7+1.3'

VWSl
Density 1

25.7+1.8%
26.4+2¢
21.1+1.6°
19+1.3¢M
17.8£1.7™
17.2+1.6™

15.7+1.2%¢f0

Y oSy
Density 2

39.3+2.4%
36.1+2.4%
31.2+2.3«
32.6x2
25+1.8%
22.9+1.6%
23.4+1.8°1

Y oSy
Density 3

49.7+3.8°
47.2+5°
43.614.1%®
39.4+3.5%
30.7+2.3%
10 30.4+2.6%
12 25.7+2¢%

¥ oSy
Density 4

ocornvRECEocordvrCBExornvr B rNnE

(40 Jois! o ( S Q}aﬂ) A3l oo 20 Jlain] o 5> calisee (lajlod o gl oimd Uis gt s 3 Koo g o ®
* Means followed by different small letters in each column are significantly different (Tukey test, P < 0.05)

Celw £A 9 YE sy ylo; 5o Heliothis viriplaca o,k o 9,¥ (59, Habrobracon hebetor (g ,8 goxiums (1,1 T- test ya031 -€ Jou
Table 4- T- test analysis of searching efficiency of Habrobracon hebetor on 4™ instar larvae of Heliothis viriplaca at 24 and 48

hours
cold . . . .
- Cooe ) oS Y o515 Y o515 £ oS5
levels Density 1 Density 2 Density 3 Density 4

1 t=3.26, df= 18, P-value= t=4.37, df= 18, P-value= t= 4.8, df= 18, P-value= t=4.22, df= 18, P-value=
0.0044 0.004 0.0001 0.0005

2 t= 2.74, df= 18, P-value= t=3.75, df= 18, P-value= t=3.72, df= 18, P-value= t=10.85, df= 18, P-value=
0.0134 0.0015 0.0016 0.0015

4 t=2.99, df= 18, P-value= t=3.15, df= 18, P-value= t=4.58, df= 18, P-value= t=4.71, df= 18, P-value=
0.0078 0.0055 0.0002 0.0002

6 t=2.87, df= 18, P-value= t=2.56, df= 18, P-value= t=4.34, df= 18, P-value= t=4.2, df= 18, P-value=
0.01 0.0199 0.0004 0.0005

8 t=3.22, df= 18, P-value= t=2.79, df= 18, P-value= t=2.97, df= 18, P-value= t=5.57, df= 18, P-value=
0.0047 0.0122 0.0082 0.0001

10 t=3.12, df= 18, P-value= t= 2.58, df= 18, P-value= t=2.96, df= 18, P-value= t=4.35, df= 18, P-value=
0.006 0.019 0.0085 0.0004

1 Mann- Whitney U static= 6~ MM Wh'f;ey Ustatic= 5 33 df= 18, P-value= t= 3.81, df= 18, P-value=
, df= 19, P-value= 0.001 ' 0.0318 0.0013

df= 19, P-value= 0.007
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Figure 1- Mean + standard error number of parasitized, oviposited and healthy larvae at density of one Habrobracon hebetor
wasps per 10 larvae of Heliothis viriplaca on chickpea plant
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Figure 2- Mean * standard error number of parasitized, oviposited and healthy larvae at density of two Habrobracon hebetor
wasps per 10 larvae of Heliothis viriplaca on chickpea plant
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Figure 3- Mean + standard error number of parasitized, oviposited and healthy larvae at density of three Habrobracon
hebetor wasps per 10 larvae of Heliothis viriplaca on chickpea plant

10
I . Y
Non parasitized larvae
o a ab [ oss ) essgoss @ 3 4)Y
T 1’ Parasitized andovipozited larvae
abc
A § i T abc abe
B 5 6 4 T T bc
A% T ¢
B L
7 £ 1
< B
-
2 8 4
S
=]
z
2 -
0 = T T T T T
0 2 4 6 8 10 12

ger 35 e il polaw
Competition levels of wasp

Habrobracon ,s4; ,ka o51,5 43 Heliothis viriplaca pIlw g oud (g )li&Kesd g oud gld (glag, ¥ 3, lwiliw! glad & 1Sl —€ S

2950 dig 69, ylo> dly 9,¥ Vo 2 gl5l 4 hebetor
Figure 4- Meanz standard error number of parasitized, oviposited and healthy larvae at density of four Habrobracon hebetor
wasps per 10 larvae of Heliothis viriplaca on chickpea plant
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Table 5- Sex ratio (%) and mortality percentage of Habrobracon hebetor at different competition levels and densities

Culd) Z b Y ST Y S5 Y oS15 £ o515
Competition levels Density 1 Density 2 Density 3 Density 4
1 Sex ratio (%) 60.9 57.9 53.2 52.8
Mortality (%) 6.1 14 4.8 8.2
2 Sex ratio (%) 56 50 54.5 60.2
Mortality (%) 6.2 14 8 9.9
4 Sex ratio (%) 56.2 55.8 51.5 53.9
Mortality (%) 8.3 14.2 42 8.9
6 Sex ratio (%) 53.2 48.4 50.8 50.7
Mortality (%) 9.4 15.2 9 10.4
8 Sex ratio (%) 51.2 54.9 53.6 54.5
Mortality (%) 8.8 19.1 10.7 12.7
10 Sex ratio (%) 54.9 50.7 51 47.6
Mortality (%) 8.9 19.8 13.5 11.5
12 Sex ratio (%) 59 53.1 47.7 50.7
Mortality (%) 16.4 18.5 11.2 16.3
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