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Criteria for optimization of mass rearing of the parasitoid Cotesia flavipes 
in the laboratory  
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ABSTRACT: 
 
 In this study, we aimed to evaluate criteria that serve to optimize the mass 
rearing of the parasitoid Cotesia flavipes in the laboratory. The following studies were 
conducted: (1) Optimal density of the third instar larvae of Diatraea saccharalis was 
parasitized using a rearing unit, (2) Parasitism capacity during the lifespan of                             
C. flavipes was examined, (3) Pupae of C. flavipes were weighed, and (4) Adult                        
C. flavipes were fed with different diets. We found that a density of five larvae of                                 
D. saccharalis parasitized using a rearing unit is most suitable for the mass production 
of C. flavipes. A female C. flavipes may parasitize three larvae of D. saccharalis for up 
to 4 h after copulation, generating quality individuals for mass rearing. It is impractical 
to mass market the parasitoid C. flavipes by weight, the correct is to count the number 
of masses to form the release unit. A diet of 2.5% honey and 5% sucrose is most 
suitable for adults during the mass rearing of C. flavipes.  
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INTRODUCTION 

 Sugarcane culture is performed in several 

Brazilian states, and the country ranks first in the world 

in the production of sugar and ethanol (Mapa, 2011).   

 Sustainable agricultural production of sugar cane 

in Brazil is based on the ability to respond to pests, 

diseases, and climatic variations, while ensuring the least 

possible impact to the environment through the use of 

integrated pest management (Macedo, 2000).  

 Biological control is a promising alternative for 

pest management. Regulating the number of individuals 

in the pest population through the action of biotic 

mortality agents is a natural process. Biological control 

of the pest Diatraea saccharalis (Fabricius)                               

(Lepidoptera: Cambridae) by using the endoparasitoid 

Cotesia flavipes (Cameron) (Hymenoptera: Braconidae) 

is the largest program of biological control in Brazil. 

Today, this parasitoid is released in just over three 

million hectares, and  about 80 biofactories produce this 

natural enemy. Although there are regional differences, 

the main  pests are controlled by biological means by 

using insects or pathogens (Alves et al., 2008). Thus,  

sugar cane culture is one of the few crop cultures that has 

focused on sustainable agricultural  production since 

1970 (Gallo et al., 2002).  

 During laboratory production of the wasp                               

C. flavipes, D. saccharalis larvae is the only food  used 

because during development the wasp requires a 

sugarcane borer in order to multiply (Macedo et al., 

1983).   

 To meet the demand and applications for                       

sugar cane, mass rearing of the wasp is necessary, and 

one of the biggest problems faced during the laboratory 

production of C. flavipes is the quality of  the parasitoid 

(Prezotti and Parra, 2002). The low quality of the 

parasitoid is responsible for its failure  in production and 

non-demand. It also contributes to producers’ resistance 

to using this parasitoid in the field, given that the goal is 

to control the target pest and failure implies a reduction 

in demand,  discrediting the use of biological control and 

consequently increasing the use of pesticides. These  

results are reflected in increased environmental impact in 

Brazil, which has become the largest  consumer of 

insecticides since 2008, according to Anvisa (2011).                 

In this study, we have evaluated the  criteria used to 

optimize the mass rearing of the parasitoid C. flavipes in 

the laboratory.   

 

MATERIALS AND METHODS  

 The experiments were performed in a                         

climate-controlled room at 28 ± 1°C, with a relative 

humidity (RH) of 50 ± 10% and a photophase for 12 h.   

 Densities of D. saccharalis larvae parasitized by                

C. flavipes per rearing unit  

 The exper iment  was conducted at                                  

Ecoquality®-Agents of Biological Control in Piacatu, Sao 

Paulo, Brazil. The third instar larvae of D. saccharalis 

were subjected to parasitism by C. flavipes and placed in 

petri dishes (6 × 2 cm) containing an artificial diet, 

where they remained until a mass of pupae formed. 

Testing was performed at densities of 3, 4, 5, 6, 7, and 8 

larvae per dish (100 replicates per treatment). After the 

pupae were formed, the masses were removed, and the 

dishes were placed in transparent 100-mL plastic cups 

with lids. We evaluated the number of masses formed 

per larvae per  dish.  

 Parasitism capacity of C. flavipes females  

 The exper iment  was conducted at                                   

Ecoquality®-Agents of Biological Control in Piacatu, Sao 

Paulo, Brazil. Thirty C. flavipes females were placed in 

individual petri dishes (6 × 2 cm) for 5 h,  which is the 

time required for coupling (30 replicates). Every 2 h, the 

females received third instar  larvae of D. saccharalis for 

parasitism. Each parasitized larva was identified with the 

number of  females that oviposited and then stored in 

petri dishes (diameter, 6 cm) containing the artificial 

diet. Parasitism was performed every 2 h until the death 

of the parasitoid. The pupae masses obtained from  
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parasitized larvae were transferred to 10-mL tubes and 

closed with perforated plastic lids. The newly emerged 

parasitoids were frozen and subsequently separated by 

sex on the basis of the sexual  dimorphism of antennas, 

as described by Wilkinson, (1928). We then counted the 

number of males and females that emerged from                       

each mass.  

Weight of C. flavipes pupae  

 The experiment was conducted at the Laboratory 

of Entomology of Louis Dreyfus Commodities Mill, 

Jaboticabal, Sao Paulo, Brazil. The experiment was 

conducted in a room at 28 ± 1°C (RH 40 ± 10%), with a 

photophase for 12 h. There were 150 pupae masses of                

C. flavipes in petri dishes (6 × 2 cm). The pupae masses 

were aged 0–24 h when they were weighed, and after              

15 days of parasitism, they were weighed every 12 h 

until the adults emerged. Five pupae masses were 

weighed at  0, 12, 24, 36, 48, and 60 h. The experimental 

design was completely randomized, with six treatments 

and five replicates. Thirty masses were weighed and 

weight loss was calculated.  

Feeding of C. flavipes adults with different diets  

 The experiment was conducted in a                             

climate-controlled room at 28 ± 1ºC, RH 40 ± 10%, and 

a photophase for 12 h, at the Laboratory of Entomology 

of Louis Dreyfus Commodities Mill, Jaboticabal, Sao 

Paulo, Brazil.  

 C. flavipes adults were fed different diets before 

beginning parasitism of the host D. saccharalis larvae                

15 days of age were parasitized by C. flavipes adults fed 

with diets previously diluted in water to the following 

concentrations: 2.5% sucrose, 2.5% sucrose + 2.5% 

yeast, 2.5% honey, honey + 2.5% yeast 2.5, 5% sucrose, 

5% sucrose + 2.5 yeast, 5% honey, 5% honey + 2.5%  

yeast, 10% sucrose, 10% sucrose + 2.5% yeast, 10% 

honey, 10% honey + 2.5% yeast, 2.5% yeast,  distilled 

water, and control (without diet). The experimental 

design was completely randomized, with fifteen 

treatments and five replicates. We weighed the pupae 

masses, weight of 30 pupae masses, number of adults 

that emerged from mass, and sex ratio of C. flavipes.  

Data analysis  

 The data of different densities of parasitized 

larvae per dish were processed using cluster analysis 

with the program Statistica 7.0 (Statsoft Inc., 2004). 

Cluster analysis was used as an  exploratory method, 

which does not investigate the assumptions of 

independence and normality.  

 Data weighing of the pupae mass of C. flavipes 

during pupal stage analysis was conducted using                   

PROC REG SAS Institute (2002) by considering                   

the weight of 30 masses and weight loss as the                          

dependent variables (y) and the time in hours as the 

independent variable (x). The curve model was  selected 

on basis of the significance of the coefficient (P<0.05) 

and its contribution to better  biological representation.  

 The data parasitism capacity and feeding of                 

C. flavipes adults with different diets were analyzed 

using the Kolmogorov and Barttlet tests for normality 

and homogeneity of variance, respectively, and 

necessary changes were made to satisfy the requirements 

of analysis of variance (ANOVA). ANOVA using                      

PROC ANOVA from SAS Institute (2002) was 

performed, and the average values were  compared using 

Tukey’s test at 5% probability when significant on the 

basis of ANOVA.  

 

RESULTS   

 The results for the productivity of C. flavipes of 

different densities of pupae masses showed that when 

there were 3, 4, and 5 larvae per petri dish, a higher 

number of masses was produced (Fig. 1). The most 

suitable density for mass production was five larvae per 

dish, which was determined on the basis of the quality of 

parasitoids produced, productivity (caterpillars 

inoculated/employee/day), and  saving of the supplies 

and materials used.   

 When we studied the time of parasitism after 
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copulation, we observed that the 0-h and 2-h  treatments 

yielded the highest number of C. flavipes masses and a 

greater number of adults emerged. With regard to the 

number of male offspring, the 0-h treatment yielded the 

highest number. After 4 h,  there was no emergence of 

females (Table 1).  

 We observed a reduction in the weight of pupae 

masses: the average weight of the mass were  56.8, 54.8, 

47.6, 41.0, 34.2, and 28.6 and the average weight of                

30 masses (a unit release) were 1704, 1646, 1428, 1232, 

1034, and 440 mg for pupae aged 0, 12, 24, 36, 48, and 

60 h, respectively. This loss in weight corresponds to 

3.52, 16.20, 27.82, 39.80, and 48.64% for 12, 24, 36, 48, 

and 60 h,  respectively (Fig. 2).  

 The weight of a mass, weight of 30 masses, 

number of adults that emerged from a mass, and  the sex 

ratio of C. flavipes that originated following parasitism 

by adults fed different diets were examined, and it was 

found that pupae masses treated with a diet of                           

2.5% honey gained more weight.  Further, treatment with 

5% sucrose led to an increase in the weight of the 

parasitoid mass, and in the  control, weight gain was 

similar to that with other treatments. Treatments of                    

5% sucrose + 2.5% yeast, 5% honey, and                                    

5% honey + 2.5% yeast yielded lower weight per unit 

mass (Fig. 3).   

 The number of adults that emerged from the 

masses derived by the parasitism of adults fed                          

diets containing 5% sucrose and diets containing                      

10% sucrose + 2.5% yeast were higher than that with  the 

other treatments, which yielded similar results, while 

adults fed a diet containing 5% honey + 2.5% yeast 

showed lower adult emergence. With regard to the sex 

ratio of adults that emerged from the  pupae mass, the 

biggest difference was found for the diet with                            

5% honey + 2.5% yeast, with a slight difference for diets 

containing 10% sucrose + 2.5% yeast and 10% honey. 

The other treatments did not differ in this regard                        

(Fig. 3).  

 The results showed that treatment with                           

5% sucrose leads to greater weight and a positive  

influence on the emergence of C. flavipes adults.                             

With regard to adult emergence and sex ratio,  treatments 
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  Fig 1: Dendrogram showing the similarity in the  

  Cotesia flavipes parasitoids mass rearing with  

  different densities of hosts per rearing unit 

Table 1: Number of masses produced and audits that emerged from pupae  

masses of  cotesia flavipes after the parasitism of females of different ages. 

Means followed by the same letter in the column do not differ, according to the result of Tukey’s test (P>0.05). 

a 

ab 

b 

b 

b 

b 

b 

a 

ab 

ab 

ab 

ab 

ab 

b 

ab 

b 

a 



containing 10% sucrose + 2.5% yeast showed better 

results, because more adults emerged and the sex ratio 

was smaller. However, positive results were obtained for 

individual treatments containing 2.5% honey, with 

regard to the weight of masses. With regard to adults that 

emerged per mass, the treatment containing 5% sucrose 

yielded positive results, while the treatment containing  

10% honey yielded positive results with regard to                      

sex ratio (Fig. 3).   

  

DISCUSSION   

 Other studies on the parasitism behavior of                   

C. flavipes found that females discriminate  parasitized 

hosts for up to 24 h after parasitism. However, analysis 

of the sex ratio of offspring that originated from 

caterpillar superparasitism showed that females laid 

more eggs than males; this  suggested the ability of this 

species to identify hosts previously parasitized by 

females in an  intraspecific manner, even a few days after 

the first parasitism (Campos-Farinha et al., 2000).  

Yamauchi et al., (2002) observed that two successive 

ovipositions of C. flavipes in the same caterpillar                      

D.  saccharalis did not alter the sex ratio of offspring but 

increased the number of parasitoids and the  number of 

unfeasible larvae and pupae. Campos-Farinha (1996) 

examined parasitism of D. saccharalis larvae by a                       

C. flavipes female and found that the number of 

ovipositions varied from 1 to  4 times, and larvae that 

matured into superparasitadas resulted in more males.   

 Regarding the quality control of the parasitoid                           

C. flavipes, Carvalho et al., (2008) observed that  in a 

laboratory with an average production of 6,000 unit 

releases (transparent 100-mL plastic cups) with                         

30 masses per week, counting the number of adults from 

a sample of six cups is sufficient to  estimate the sex 

ratio of the population released and to perform an 

appropriate quality control.   

 In studies on biological control of sugarcane 

borers, inundative releases of C. flavipes happen  once or 

in installments, when the population reaches 800 to 1000 

larvae (greater than 1.5 cm) per  hectare or a minimum of 

10 larvae per man hour of collection (Pinto et al., 2006). 

Thus, it is necessary  to calculate the number of wasps 

that should be released in the field in relation to pest 
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Fig 2 Weight of a mass, 30 masses, and weight loss  

of pupae of C. flavipes that originated from the  

parasitism of audit that were not fed 



 

 

population density in order to achieve successful pest 

control rather than using C. flavipes pupae masses on the  

basis of their weight, since variations over time present 

challenges in calculating the number of wasps  in the 

field.   

 According to Godfray, (1994), since the 

nineteenth century, entomologists knew that parasitoid 

wasps change their offspring in response to changes in 

the environment and that this adaptation might  explain 

the differences in the sex ratio of wasps. The wasp                    

C. flavipes can be programmed in a  dynamic manner so 

that the number of offspring is optimized by delimiting 

the area and reserves of  eggs and reducing the number 

of eggs when supplies are scarce (Parke and Courtney, 

1984).   

 

CONCLUSION   

 A density of five larvae of D. saccharalis per 

rearing unit was found to be the most suitable  condition 

for the mass rearing of C. flavipes.   
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Fig 3 Weight of a mass. 30 masses, the number of adults that emerged from a mass, and the sex ratio of  

cotesia flavipes that originated from the parasitism of adults fed different diets 



 A C. flavipes female may parasitize three larvae 

of D. saccharalis for up to 4 h after copulation,  

generating quality individuals for mass rearing.  

 It is impractical to market pupae masses of the 

parasitoid C. flavipes by weight, the correct is  to count  

the masses for the formation release unit.   

 Diets of 2.5% honey and 5% sucrose were 

determined to be the most suitable for feeding  adults 

used for the mass rearing of C. flavipes.  
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