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ABSTRACT 
 
The parasitoid species Bracon hebetor (Say) (Hymenoptera: Braconidae) is an important beneficial 
insect as it can be used as a biological control agent. On the other hand, the Indian meal 
moth, Plodia interpunctella (Hübner) (Lepidoptera: Pyralidae) is a serious pest of stored and 
processed food products. The present work was conducted to investigate the impact of host density 
on the performance of the parasitoid and its next progeny for its mass rearing. The investigation 
indicates that there is no significant difference among the percentages of parasitized host larvae due 
to different host densities. However, the number of parasitoid pupae (P=.05), total number of adult 
emerged (P<.001), F1 larval periods (P<.001), F1 pupal period (P<.001), F1 total developmental 
period (P<.001), longevities (P=.05) differed significantly due to different host densities. Moreover, 
the experiment also showed that there are significant differences among the F2 larval periods 
(P<.001), total developmental period (P<.001), longevity (P=.05) but not among the number of F2 
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adult progeny, number of parasitized host larvae by F1 and number of F2 pupae. The results also 
showed no significant difference among the sex ratios of the F1 generation, F2 generation and size 
of parasitoid due to different host densities. 

 
 
Keywords: Biological control; Indian meal moth; parasitoid; host density; adult longevity 
 

1. INTRODUCTION 
 
Stored products protection is awfully essential to 
ensure the food security. Indian meal moth (IMM) 
Plodia interpunctella (Lepidoptera: Pyralidae) is a 
serious pest of stored products and processed 
food commodities which causes direct product 
loss and indirect economic costs through quality 
losses and consumer complaints. Traditional 
chemical control methods cause environmental 
pollution, health hazards, affect non target 
organisms even the pests are being resistant. 
 
So nowadays, it is very much appreciated to 
apply biological control method which is eco-
friendly. In this endeavor, Bracon hebetor is 
considered one of the most important biological 
control agents of several pyralid moths including 
IMM [1]. Mass rearing is the pre-requisite of 
biological control.  
 
The parasitoid B. hebetor has been vastly used 
as a biological control agent against the moths 
because it can be easily reared in the laboratory 
[2,3,4,5,6]. The effective feedback of the 
parasitoid ascertains the efficiency of a species 
for being a biological control agent and helps to 
know about host–parasitoid interaction [7]. 
 
The fruition of a parasitoid relies on its fitness or 
quality parameters over generations [8]. Host 
density affects the pattern and distribution of 
parasitoid egg-laying and females probably play 
a role to fix the sex ratio based on egg number 
and the size of the infested host clutch. The total 
progeny sex ratio was found about 0.5 
regardless of host density, probably due to the 
egg allocation was related to the host density [9]. 
 
As the host is the entire larval food source, the 
host size, species, or developmental stages or if 
there is another species with which the host 
shared can affect different parameters of the 
parasitoid [5]. 
 
Many researchers have investigated the effects 
of host quality and or quantity on biology and 
ecology of B. hebetor [9,10]. Eliopoulos and 
Stathas [11] studied the parameters regarding 
the life table of B. hebetor infesting Anagasta 

kuehniella (Lepidoptera: Pyralidae) and P. 
interpunctella. The effect of host density on 
different life table parameters of the parasitoid 
was carried by Gündüz et al. [5]. 
 
The knowledge about fecundity and longevity of 
parasitoid are essential for the implementation of 
pilot-scale biological control programs [12]. 
 
By accomplishing the immune system of Galleria 
mellonella and dissimilar clutch size and sex ratio 
about host density, the parasitoid optimizes their 
potentiality of reproduction. There is a positive 
effect of host density on the parasitoid egg 
density. The maximum number of the egg was 
recorded (134.7 eggs) at the highest (16 larvae) 
host density and a minimum number was at one 
host larva. The egg hatching and percentage of 
adult emergence were negatively influenced 
concerning the crowding of eggs [13]. 
 
In the experiments of parasitoid density, a higher 
number of progenies were produced from ten 
pairs of B. hebetor infesting 50 last instar of 
greater wax moth (GWM) larvae while in case of 
host density, a higher number of progenies 
emerged from the host density of 60 GWM 
mature larvae followed by 50 larvae using a 
couple of pairs of B. hebetor [14]. 
 
This study was planned to know the impact of 
host density on the performance of B. 
hebetor such as the number of progenies, sex 
ratio, the effectiveness of the progeny and 
developmental period for improving the mass the 
rearing technique of this parasitoid. 
 
2. MATERIALS AND METHODS  
 
The larvae of P. interpunctella were obtained 
from a laboratory culture (Post Harvest 
Entomology laboratory, Department of Zoology, 
University of Rahshahi) that was reared on a 
standardized diet [15]. 1,2,3,4,5,6,7,8,9 and 10 
mature larvae of P. interpunctella (the host) were 
released in 10 separate containers (the plastic 
containers were transparent, and the height and 
diameter of the containers were 7 cm and 6 cm, 
respectively. The lid of the containers was 
perforated or cut roundly, and very small mesh 
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sized net was attached for the aeration in the 
containers) containing folded paper strips. 1 pair 
of fresh adult B. hebetor (Collected from 
Bangladesh Agricultural Research Institute) were 
released into each container. Then the 
containers were covered with black cloths and let 
the B. hebetor to infest the host. The temperature 
and relative humidity of the laboratory were 
recorded twice in a day regularly by using 
thermo-hygrometer.   
 

After 2/3 days the number of killed host larvae 
(paralyzed) was counted and the number and 
date of formation of pupae was also recorded 
regularly. Thus, the total number of pupae in 
each container was counted. Besides these, the 
body size (Total length, head length, thorax 
length, abdominal length, and wingspan in mm) 
of the dead parents were measured with the help 
of a microscope using a 1/10 mm scale. After 
emergence, the sex ratio, developmental period, 
and longevity (without food) were recorded. 
When F1 generation emerged then they were 
counted and one pair of B. hebetor (from F1 
generation) of each container/replication was 
released into a separate container containing 10 
mature host larvae. Finally, the same parameters 
as the parents were considered. The number of 
replications was three and the experiment was 
repeated thrice. The whole experiment was 
carried out in the Post Harvest Entomology 
laboratory, Department of Zoology, University of 
Rahshahi. The average temperature and relative 
humidity of the laboratory were 30.38±0.180C 
and 78±1.33% respectively which was   
controlled by using room heater and humidifier. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Effect of Host Density on Parasitoid’s 
Parasitism Rate 

 

The result shows that the percentage of 
parasitized host larvae by B. hebetor was 
maximum (100%) in 2,3,4,5,8,9 and 10 host 
density and minimum (66.67%)  in 6 and 7 host 
density showing no significant difference    
among the percentage of parasitized host larvae 
due to different host densities (F =0.78, F Crit= 
2.46) (See Fig. 2).  
 

The percentage of parasitized host larvae by F1 
B. hebetor in 1,2,3,4,5,6, and 7 host density was 
highest (100%) and in 9 host density was   
lowest (66.67%) (See Fig. 5). There is no         
significant difference among the percentage of 
parasitized host larvae due to different host 
densities (F =0.91, F Crit= 2.46). 

3.2 Effect of Host Density on Parasitoid’s 
Pupae Formation 

 

The highest number of F1 parasitoid pupae 
formed was found in 10 host density 
(19.33±1.20) and the lowest number of parasitoid 
pupae formed was found in 1 and 6 host density 
(4.67±2.40 and 4.67±2.91) showing significant 
difference among the number of parasitoid pupae 
formed due to different host densities (F = 4.97, 
F Crit=2.46). 
 

In case of parasitoid progeny, the highest 
number of F2 parasitoid pupae was found in 5 
host density (15±4) and the lowest number of 
parasitoid pupae was found in 9 host density 
(5.67±2.85). There is no significant difference 
among the number of F2 parasitoid pupae formed 
due to different host densities (F= 0.40, F crit= 
2.46). 

 

3.3 Effect of Host Density on Parasitoid’s 
Adult Emergence 

 

The highest total number of adults (F1) was 
recorded in 10 host density (17.33±0.33) and the 
lowest number of adults was found in 1 host 
density (3.67±2.03) (See Fig. 1). There is a 
significant difference among the total number of 
adult emerged due to different host densities (F= 
6.76, F crit= 2.46). 
 

In the case of the F2 generation, the highest total 
number of adult (F2) was found in 6 host density 
(9±0) and the lowest number of adults was found 
in 10 host density (4±2) (See Fig. 4). There is no 
significant difference among the total number of 
adults emerged from F2 produced from different 
host densities (F=0.56, F crit = 2.46). 

 

3.4 Effect of Host Density on Parasitoid’s 
Sex Ratio 

 
The differences among the sex ratio of F1 were 
insignificant (∑χ2

=11.62, df=9) (See Fig. 3). The 
differences among the sex ratio of F2 were 
insignificant (∑χ2

=16.14, df=9) (See Fig. 6). 
 

3.5 Effect of Host Density on Parasitoid’s 
Developmental Period 

 

In the case of developmental period, the highest 
larval period of F1 was found in 1 host density 
(5.5±0.5 days) and the lowest larval period was 
found in 7 host density (3±0 days) (See Fig. 7). 
There is a significant difference among the larval 
periods due to different host densities (F= 13.36, 
F crit = 2.46). 
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The highest larval period of F2 was found in 1 
and 10 host density (5±0 days) and the lowest 
larval period was found in 3 host density 
(4.33±0.33 days) (See Fig. 8). There is a 
significant difference among the F2 larval period 
due to different host densities (F= 8.5, F crit = 
2.46). 
 
The highest pupal period of F1 was found in 3 
host density (8.67±0.33 days) and the lowest 
pupal period was found in 8 host density 
(5.33±0.33 days). There is a significant 
difference among the pupal period due to 
different host densities (F= 8.5, F crit = 2.46). 
 
The highest pupal period of F2 was found in 1, 2 
and 4 host density (7±0 days) and the lowest 
pupal period was found in 10 host density (6±0 
days). The results showed a significant 
difference among the pupal period of F2 
generation (F= 4.87, F crit = 2.46). 
 
The highest total developmental period of the 
male in F1 was found in 3 host density 
(14.31±0.18 days) and the lowest total 
developmental period of the male was found in 8 
host density (11.04±0.15 days).  

 
The highest total developmental period of 
females in F1 was recorded in 3 and 4 host 
density (14.4±0.25 days) and the lowest total 
developmental period of females was recorded in 
10 host density (11.37±0.27 days). 

 
There is a significant difference among the total 
developmental period due to different host 
densities (F= 43.59, F crit = 3.18). 
 

The highest total developmental period of the 
male of F2 was found in 1 host density 
(12.22±0.15 days) and the lowest total 
developmental period of the male of F2 was 
found in 8 host density (9.58±0.23 days).  
 

The highest total developmental period of the 
female of F2 was found in 2 host density (14±0 
days) and the lowest total developmental period 
of the female of F2 was found in 8 host density 
(9.67±0.33 days). There is a significant 
difference among the total   developmental 
period of F2 due to different host densities (F= 
12.23, F crit = 2.46). 
 

3.6 Effect of Host Density on the 
Longevity of Parasitoid 

 

The highest longevity of male parents was 
recorded in 4 host density (4.67±0.33 days) and 

female parents in 3 host density (7.67±0.33 
days) and the lowest longevity of male parents 
was recorded in 1 host density (3±0.56 days) and 
female parents in 3 host density (4.33±0.33 
days) (See Fig. 9). There is a significant 
difference among the longevities due to different 
host densities (F= 5.13, F crit = 3.18). 

 
The highest longevity of male F1 was found in 10 
host density (4.67±0.80 days) and female F1 in 3 
host density (8.33±0.67 days) and the lowest 
longevity of male F1 was found in 9 host density 
(2.67±0.33 days) and female F1 in 6 host density 
(5±0) (See Fig. 10). There is a significant 
difference among the longevities due to different 
host densities (F= 3.71, F crit = 3.18). 

 
3.7 Effect of Host Density on Parasitoid’s 

Size 
 
The highest total length of male F1 parasitoid 
was in 3 host density (2.53±0.03 mm) and the 
lowest total length of the male parasitoid was in 5 
host densities (2.35±0.05mm) (See Fig. 11).  
There is no significant difference among the 
sizes of parasitoids due to different host 
densities.  

 
Findings of the experiment of host density on 
mass production of the parasitoid (B. hebetor) 
revealed that the population of the number of 
progenies increased linearly with the increased 
level of host density. Moreover, the present study 
indicates that more parasitoid progeny was 
emerged as host density increased. The results 
were not in agreement with the finding of Taylor 
[10] who reported the total numbers of eggs    
laid by the female B. hebetor was independent of 
the host density. However, the difference 
between these findings and Taylor’s results could 
be due to a difference in the parasitoid 
populations or experimental conditions. On the 
contrary, this finding agreed with the work of Yu 
et al. [9] which indicates the ability of females to 
allocate eggs concerning host density and Alam 
et al. [14] according to which the adult progeny is 
also increased with the host density. 
 

The present results shows that the development 
time of parasitoids varies significantly with host 
densities which was not in agreement with the 
results of Taylor [10] who found that host species 
had a small but significant effect on mean 
development time of B. hebetor but host density 
had no significant effect on it and   Alam et al. 
[14] who also found that host species had a small 
but significant effect on mean development time 
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of B. hebetor but host density had no significant 
effect on it. This may be the effect of host 

species, environmental factors and rearing 
without food. 

 

 
 

Fig. 1.  Effect of host densities on the % of adult emerged in B. hebetor (F1 generation) 
 

 
 

Fig. 2.  Percentage of parasitism rate of B. hebetor  in different host densities 
 

 
 

Fig. 3. Sex ratio of Bracon hebetor reared on different host densities 
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Fig. 4. Effects of host densities on the percentage of adult (F2) emerged 
 

 
 

Fig. 5. Percentage of parasitism rate of F1 progeny of B. hebetor  in different host densities 
 

 
 

Fig. 6. Sex ratio of F2 genetations of Bracon hebetor reared on different host densities 
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Fig. 7. Effects of host densities on the parasitoid developmental period

Fig. 8. Effects of host densities on the developmental period of parasitoid F

Fig. 9. Effect of host densities on the parasitoid longevity (days)
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Fig. 10. Effect of host densities on the longevity of parasitoid’s progeny (days) 
 

 
 

Fig. 11. Effect of host densities on the body size (total length) of parasitoid 
 
The sex ratio was not significantly different 
among host densities (∑χ2

=11.62, df=9). This is 
in agreement with Yu et al. [9] who, after working 
on B. hebetor, reported that overall progeny sex 
ratio (male/total) was not affected by host 
density. Sagarra et al. [16] obtained similar 
results with the Hymenopterous parasitoid, 
Anagyrus kamali Moursi (Hymenoptera: 
Encyrtidae) parasitizing Maconellicoccus hirsutus 
Green (Homoptera: Pseudococcidae). 

 
However, the present results are not in 
agreement with Rotary and Gerling [17] who 
reported that the progeny sex ratio (male/total) 
increased as the host/parasitoid ratio decreased 
in B. hebetor. Differences in the strains of B. 
hebetor or experimental condition could be 
involved in this contradictory result. 

4. CONCLUSION 
 
The above findings collectively suggest that all 
host densities, used in this study are all    
suitable for the development and survival of B. 
hebetor. When wasps had access to more than   
one host, however, produce more progeny to the 
next generation. This is an important 
consideration in the utilization of biological 
control agents.   
 
These results will help to culture B. hebetor and 
P. interpunctella in a mass form in the laboratory 
for fruitful research and understanding the 
biology of this particular pest and could help in its 
management and control. Therefore, future 
studies should also be focused on its practical 
applications in the field level. 

0

1

2

3

4

5

6

7

8

9

10

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10

A
d

u
lt

 L
o

n
ge

vi
ty

 (
D

ay
s)

→

Number of host→

male

female

0

0.5

1

1.5

2

2.5

3

1h 2h 3h 4h 5h 6h 7h 8h 9h 10h

Le
n

gt
h

 in
 m

m
→

Number of hosts→

Male

Female



 
 
 
 

Hossain et al.; SAJP, 5(1): 32-41, 2021; Article no.SAJP.64819 
 
 

 
40 

 

CONSENT  
 
It is not applicable 
 

ETHICAL APPROVAL  
 
It is not applicable 

 
ACKNOWLEDGEMENTS 
 
The authors are thankful to the Department of 
Zoology, university of Rajshahi, for providing 
necessary laboratory facilities during the 
research work. 

 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Chen H, Zhang H, Zhu KY, Throne J. 

Performance of diapausing parasitoid 
wasps, Habro Bracon hebetor, after cold 
storage. Biological Control. 
2013;64(3):186-194.  
DOI:https://doi.org/10.1016/j.biocontrol.201
2.11.007 

2. Darwish E, El-Shazly M, El-Sherif H. The 
choice of probing sites by HabroBracon 
hebetor Say (Hymenoptera: Braconidae) 
foraging for Ephestia kuehniella Zeller 
(Lepidoptera: Pyralidae). J Stored Prod 
Res. 2003;39(3):265-276.  
DOI:https://doi.org/10.1016/S0022-
474X(02)00023-1  

3. Milonas PG. Influence of initial egg density 
and host size on the development of the 
gregarious parasitoid Habro Bracon 
hebetor on three different host species. 
Biological Control. 2005;50(3):415-428.  
DOI: https://doi.org/10.1007/s10526-004-
2837-2 

4. Magro SR, Dias AB, Terra WR, Parra JRP. 
Biological, nutritional, and histochemical 
basis for improving an artificial diet for 
Bracon hebetor (Say) (Hymenoptera: 
Braconidae). Neotrop Entomol. 
2006;35(2):215-222.  
DOI:https://doi.org/10.1590/S1519-
566X2006000200010 

5. Gündüz EA, Gülel A, Işıtan ÖV. İki 
konukçu türün, larva ektoparazitoiti Bracon 
hebetor (Say, 1836) (Hymenoptera: 
Braconidae)’da protein, lipit ve glikojen 

miktarlarına etkisi. Turk Entomol Derg. 
2008;32(1):33-42. 

6. Hossain MF, Hasan MM, Khatun MR. 
Effect on total protein concentration (mg/g) 
of host larvae due to the frequent 
parasitization and time after parasitization 
by Bracon hebetor (Say) (Hymenoptera: 
Braconidae). J Entomol Zool Stud. 
2019;7(6):837-841. 

7. Sing D, Singh RP, Tripathi CPM. Effect of 
host density on life table statistics of 
Bracon hebetor Say, 1836 (Hymenoptera: 
Braconidae). Tropical Zoology. 
2016;29(1):44-51.  
DOI:https://doi.org/10.1080/03946975.201
6.1145399 

8. Saini A, Sharma PL, Chandel RS. Host 
age influence on the parasitism of the 
species Cotesia vestalis (Haliday) 
(Hymenoptera: Braconidae). Egypt J Biol 
Pest Control. 2019;29(48):2-6.  
DOI: https://doi.org/10.1186/s41938-019-
0151-7 

9. Yu SH, Ryoo MI, Na JH, Choi WI. Effects 
of host density on egg disruption and the 
sex ratio of progeny of Bracon hebetor 
(Hymenoptera: Braconidae). J Stored Prod 
Res. 2003;39(4):385-393. 

10. Taylor AD. Host effects on larval 
competition in the gregarious parasitoid 
Bracon hebetor. J Anim Ecol. 
1988;57(1):163–172.  
DOI: https://doi.org/10.2307/4770  

11. Elipoulus PA, Stathas GJ. Life tables of 
HabroBracon hebetor (Hymenoptera: 
Braconidae) parasitizing Anagasta 
keuhniella and Plodia interpunctella 
(Lepidoptera: Pyralidae): Effect of host 
density. J Econ Entomol. 2008;101(3):982-
988.  
DOI: 10.1603/0022-0493(2008)101[982: 
LTOHHH]2.0.CO;2  

12. Sahin AK, Ozkan C. Effect of light on the 
longevity and fecundity of Venturia 
canescens (Gravenhorst) (Hymenoptera: 
Ichneumonidae). Pak J Zool. 2007; 
39(5):315-319. 

13. Jamil A, Abdin Z, Arshad M, Falabella P, 
Abbas SK, Tahir M, Manzoor A, Shaina H. 
Multiple Effects of Host Density on Egg 
Density, and the Sex Ratio of Progeny of 
Bracon hebetor (Say) (Hymenoptera: 
Braconidae). Pak J Zool. 2015;47(2):455-
460. 

14. Alam MS, Alam MZ, Alam SN, Miah MRU, 
Mian MIH, Hossain MM. Mass rearing of 
Bracon hebetor (Hym.: Braconidae) on 



 
 
 
 

Hossain et al.; SAJP, 5(1): 32-41, 2021; Article no.SAJP.64819 
 
 

 
41 

 

wax moth, Galleria mellonella (Lep.: 
Pyralidae) with varying density of 
parasitoid and the host. J Crop Prot. 2016; 
5(1): 39-48. 

15. Phillips TW, Strand MR. Larval secretions 
and food odors affect orientation in female 
Plodia interpunctella. Entomol Exp Appl. 
1994;71(3):185–192.  
DOI: https://doi.org/10.1111/j.1570-
7458.1994.tb01785.x 

16. Sagarra LA, Vincent C, Peters NF, Stewart 
RK. Effect of host density, temperature, 

and photoperiod on the fitness of Anagyrus 
kamali, a parasitoid of the hibiscus 
mealybug Maconellicoccus hirsutus. 
Entomol Exp Appl. 2000;96(2):141-147.  
DOI: https://doi.org/10.1046/j.1570-
7458.2000.00689.x 

17. Rotary N, Gerling D. The influence of some 
external factors upon the sex ratio of 
Bracon hebetor Say (Hymenoptera: 
Braconidae). Environ Entomol. 
1973;2(1):134-138.  
DOI: https://doi.org/10.1093/ee/2.1.134 

_________________________________________________________________________________ 
© 2021 Hossain et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 

 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle4.com/review-history/64819 


