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ABSTRACT
Trichogramma spp. are parasitoids used in the regulation of insect populations that can cause economic 
damage. In order to ensure good performance, understanding some of their biological characteristics 
is essential. The objective of this study is to evaluate whether mating interferes with the biological 
characteristics of a population of Trichogramma pretiosum collected in the field. In all experiments, groups 
of mated and unmated females were used. We also verified any interference from mating on the biological 
characteristics of the offspring. We found that mating can alter the parasitism and longevity of genitor 
females, in addition to changing longevity among the descendants, but once parasitized, the eggs develop 
normally, showing similar emergence percentage and number of offspring as those from unmated females. 
In addition, we verified that the population of T. pretiosum collected in the field presented individuals with 
reproductive thelytokous and arrhenotokous characteristics. This fact highlights the importance of careful 
investigation on the reproduction mode of populations collected in the field, thus avoiding problems in the 
effective management of insect populations.
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INTRODUCTION

Parasitoids are key species in the regulation of insect 
populations (Querino et al. 2010). Several species 
of parasitoids are used for pest management in the 
field, one example being the genus Trichogramma 
Westwood, 1833 (Hymenoptera: Trichogrammatidae), 
which has been reported parasitizing more than 200 
species of insects that cause economic damage to 
crops, mainly of the order Lepidoptera (Pratissoli et 
al. 2004, Delpuech et al. 2010, Davies et al. 2011).

The most common reproduction mode in 
Trichogramma, and in Hymenoptera in general, 

is arrhenotoky, that is, fertilized eggs that produce 
diploid females and unfertilized eggs that produce 
haploid males. Another less common mode is 
thelytoky, characterized by the production of 
diploid females from fertilized and unfertilized 
eggs (Pintureau et al. 1999). In Trichogramma, 
there are two forms of thelytoky: a reversible one 
(associated with infections caused by bacteria of 
the genus Wolbachia) and a non-reversible form 
(Beserra et al. 2003a, Russell and Stouthamer 
2010). Moreover, individuals with thelytokous 
and arrhenotokous characteristics may be present 
in the same population (Stouthamer 1993, Wang 
and Smith 1996).
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In arrhenotokous Trichogramma species, 
mating is an important factor to consider for 
the successful use of these species in the field, 
since unfertilized eggs produce male individuals 
(Pratissoli et al. 2009, Farrokhi et al. 2010), which 
can compromise the maintenance of the parasitoid 
in the field. On the other hand, mating in thelytokous 
species is not essential to ensure a large number 
of female descendants, since both fertilized and 
unfertilized eggs will produce females (Hohmann 
et al. 2002). Thus, field releases of thelytokous 
populations can be more efficient when compared 
to arrhenotokous populations (Stouthamer 1993).

Although mating is not taken into consideration 
in field releases of Trichogramma species, the energy 
expenditure can alter the biology of this parasitoid, 
affecting its ability to control insect populations. 
Therefore, this study aims to determine whether 
mating can interfere in the biological characteristics of 
Trichogramma pretiosum Riley, 1879, thus reducing 
the efficiency of its desirable characteristics.

MATERIALS AND METHODS

FIELD COLLECTION OF Trichogramma

Tomato fruits containing parasitized eggs of 
Neoleucinodes elegantalis (Guenée, 1854) 
(Lepidoptera: Crambidae) were collected from 
commercial tomato crops in the municipality of 
Alegre, Espírito Santo, Brazil (41°29’21’’W 
20°45’8’’S). The eggs were removed from the 
tomato fruits at the Laboratory of Entomology 
of the Núcleo de Desenvolvimento Científico e 
Tecnológico em Manejo Fitossanitário de Pragas 
e Doenças of the Universidade Federal do Espírito 
Santo (NUDEMAFI) and individually transferred 
into glass tubes (4 x 0.5 cm) covered with PVC 
plastic wrap and maintained in climatic chambers 
at a temperature of 25 ± 1°C, RH of 70 ± 10% and 
14 h photophase, until emergence of the parasitoids. 
The identification of the parasitoids was based on 
Querino and Zucchi (2011).

EFFECT OF MATING ON THE BIOLOGICAL CHARACTERISTICS 

OF T. pretiosum

After sexing of the emerged parasitoids, 13 
virgin females and 7 couples were individualized 
in glass tubes (4 x 1 cm) containing a droplet of 
honey as a food resource for the adults. The tubes 
were kept in a climatic chamber similar to the one 
described above. Twenty-five eggs of the host 
Anagasta kuehniella (Zeller, 1879) (Lepidoptera: 
Pyralidae) stuck to paper cards (2 x 0.5 cm) with 
Arabic gum (10%) were offered daily. The eggs 
were less than 12 hours old and turned unviable 
by previous exposure to a germicidal lamp. This 
process continued until female death when they 
were transferred to other tubes (4 x 1 cm) to wait 
for the emergence of the offspring which were also 
kept in a climatic chamber. The males were left in 
with coupled females till their death. During the 
experiment we evaluated the longevity of mated 
and unmated parasitoid females, the percentage of 
eggs parasitized, the sex ratio, the percentage of 
emergence and the number of parasitoids per egg.

EFFECT OF MATING ON THE BIOLOGICAL CHARACTERISTICS 

OF THE OFFSPRING

Twenty females were individualized, ten from 
unmated individuals and ten from mated individuals. 
Similar to the procedure used in the experiment with 
the generation collected in the field, the females were 
individualized in glass tubes (4 x 1 cm) containing a 
droplet of honey for food. These were also placed in 
a climatic chamber as in the previous experiment. 
Twenty-five eggs of the host A. kuehniella stuck to 
paper cards (2 x 0.5 cm) with Arabic gum (10%) were 
offered daily, until the death of the parasitoids. The 
eggs were less than 12 hours old and turned unviable 
by previously exposing them to a germicidal lamp. 
Later, the cards submitted to parasitism were also 
transferred to other tubes to await the emergence 
of the offspring. For this experiment the parameters 
evaluated were the same as the ones described above.
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STATISTICAL ANALYSIS

The experimental design was completely rando

mized and we used the t-test for independent 
means at 5% probability to compare the biological 
characteristics of mated and unmated females and 
among the female offspring. We performed all 
statistical analyzes using the R program.

RESULTS

The mating affected the parasitism ability of the 
parasitoid (t = 2.69; df = 18; P = 0.014), and the 
mated females exhibited a lower percentage of para
sitism in relation to unmated females (Table I). 
Moreover, mated females lived less in relation to 
unmated females (t = 2.22; df = 18; P = 0.039) 
(Table I). However, the presence of males did not 
alter the number of individuals per egg (t = -1.60; 
df = 18; P = 0.126), the emergence percentage of the 
offspring (t = 0.32; df = 7.72; P = 0.757) or the sex 
ratio (t = -1.47; df = 12; P = 0.165) (Table I).

Similar to the results found for the generation 
collected in the field, the biological characteristics, 
number of individuals per egg (t = -0.84; df = 11.03; 
P = 0.417), sex ratio (t = 0; df = 0; P = 1) and emergence 
percentage of the offspring (t = -1.88; df = 18; P = 
0.075) were not affected by mating (Table II).

TABLE I
Interference of mating on the biological characteristic 

of the population of Trichogramma pretiosum 
(Hymenoptera: Trichogrammatidae) collected in the 

field (25 ± 1°C, RH of 70 ± 10% and 14-h photophase). 
Means ± SE followed by the same letter in the line are 
statistically similar according to the t-test (sig. = 0.05).

Biological 
Characteristics Treatments

Mated females Unmated 
females

Parasitism (%) 22.31 ± 2.78 b 34.61 ± 2.97 a
Individuals per egg 1.00 ± 0.002 a 1.01 ± 0.003 a

Emergence (%) 94.57 ± 2.43 a 95.40 ± 0.91 a
Sex ratio 1.00 ± 0.00   a 0.84 ± 0.01   a

Longevity (Days) 8.85 ± 1.23   b 11.46 ± 0.55 a

Among the offspring, mating did not affect 
parasitism in relation to unmated females (t = 
-0.008; df = 18; P = 0.993). However, longevity 
was altered (t = 2.32; df = 18; P = 0.031), since 
female offspring of unmated females lived longer 
compared to the others (Table II).

Biological 
Characteristics

Treatments

Descendents of 
mated females

Descendents of
unmated 
females

Parasitism (%) 29.67 ± 2.36 a 29.65 ± 1.64 a
Individuals per egg 1.02 ± 0.01   a 1.01 ± 0.006 a

Emergence (%) 94.76 ± 1.21 a 91.59 ± 1.14 a
Sex ratio 1.00 ± 0.0     a 1.00 ± 0.0     a

Longevity (Days) 11.33 ± 1.14 b 14.27 ± 0.66 a

TABLE II
Interference of mating on the biological characteristic 
of the offspring population of Trichogramma pretiosum 
(Hymenoptera: Trichogrammatidae), obtained in the 

laboratory (25 ± 1°C, RH of 70 ± 10% and 14-h photophase). 
Means ± SE followed by the same letter in the line are 
statistically similar according to the t-test (sig. = 0.05).

DISCUSSION

Reduction in parasitism and longevity of the mated 
females from the generation collected in the field 
may reflect the impact that the energy cost from 
mating exerts on these parasitoids. Parasitism and 
longevity may interfere with the success of the 
populations in the field (Thomson and Hoffmann 
2002, Bessera et al. 2003b, Pratissoli et al. 2009), 
and their reduction may also be caused by other 
conditions such as food restriction (Hegazi et al. 
2000, Murta et al. 2008). However, in this study, 
the food resources were not restricted to females, 
emphasizing the effect of mating on the biological 
characteristics of this egg parasitoid.

The low number of parasitoids produced per 
host egg which was, on average, one parasitoid, 
was not affected by mating. In Trichogramma 
the number of emerged parasitoids is related to 
egg volume (Vianna et al. 2011) and low values, 
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as reported in this study, may represent a major 
advantage in the development of Trichogramma 
species, since a larger amount of nutrients will be 
available for assimilation and development of the 
parasitoid, thereby producing the largest and most 
competitive individuals (Bessera et al. 2003b).

The percentage of emerged individuals also 
did not differ between treatments and was greater 
than 90%, as have been reported in other studies 
(Dias et al. 2008, Pratissoli et al. 2009).

The fact that the population studied is 
predominantly thelytokous resulted in the absence 
of any variation caused by mating on the sex 
ratio, because both fertilized and unfertilized eggs 
can only generate females in these populations 
(Farrokhi et al. 2010). The predominance of this 
characteristic in the population of T. pretiosum is 
probably associated with the presence of bacteria 
of the genus Wolbachia (Stouthamer et al. 1990, 
Cônsoli and Parra 2002, Farrokhi et al. 2010).

Nevertheless, despite the predominance of the 
thelytokous form of reproduction, individuals with 
arrhenotokous reproductive characteristics were 
found in the population collected in the field, which 
is likely to occur in any population of Trichogramma 
(Stouthamer 1993). This confirmation was verified 
through the exclusive presence of males, in some 
repetitions cosisting of unmated (arrhenotokous) 
females (Table I). However, the presence of 
arrhenotokous females in the population was low 
(two females/repetition).

This result highlights the need to assess possible 
negative effects generated by this population 
condition. Although mating is not required for 
thelytokous populations to produce female offspring, 
it should be noted that mating may occur through the 
presence of arrhenotokous males in the population. 
Because mating can affect the efficiency of females 
in the field, we suggest that when rearing these 
parasitoids in the laboratory, careful verification 
of the presence of arrhenotokous individuals in 
thelytokous populations is necessary.

The use of populations that reproduce by 
thelytoky is desirable in relation to some aspects 
of arrhenotokous populations (Stouthamer 1993, 
Farrokhi et al. 2010). For example, thelytokous 
populations of Trichogramma have a high rate 
of population growth in the field; low-cost mass 
production because there is no waste of host for 
the production of males; rapid establishment in the 
field, because mating is not required to produce 
female offspring; and favorable use at low host 
densities, because in these conditions the encounter 
between sexual partners is detrimental and since 
thelytokous populations do not need to mate, their 
use is favored (Stouthamer 1993).

However, thelytokous populations have lower 
fertility and are not suitable for use when insect hosts 
in the field occur at high densities (Wang and Smith 
1996), thus indicating that the choice of population 
type of Trichogramma used in the management of 
insects in the field, depends, among other things, on 
the level of infestation of these populations.

Aspects related to cultivation are also impor
tant when choosing the form of reproduction to be 
used. In annual crops, arrhenotokous populations 
can be adopted, since the maintenance of populations 
of Trichogramma in these cultures is not particularly 
needed (Pratissoli et al. 2009). This population in 
the field may be compromised in the presence of a 
large number of male offspring from unmated arrhe
notokous females. However, there is no restriction on 
the use of thelytokous populations for annual crops, 
although they are not strictly necessary. Conversely, 
for perennial crops thelytokous populations are more 
appropriate, because the maintenance of the population 
of Trichogramma in the field is a relevant factor.

As expected, when verifying the effect 
caused by mating on offspring, no change in most 
biological characteristics was evident because all 
were produced under controlled conditions and did 
not mate. However, the longevity differed between 
them and this difference may be due to the fact that 
mating produced more genetically heterogeneous 
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descendants, since there was an exchange of 
gametes. However, detailed studies are needed 
to confirm the relationship between mating and 
longevity of the offspring.
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RESUMO

Trichogramma spp. são parasitoides utilizados na 
regulação de populações de insetos que podem causar 
danos econômicos. Para que esses tenham bom 
desempenho é essencial o conhecimento de algumas de 
suas características biológicas. O objetivo deste trabalho 
foi avaliar se o acasalamento interfere nas características 
biológicas de uma população de Trichogramma pretiosum 
coletada em campo. Em todos os experimentos, grupos 
de fêmeas acasaladas e não acasaladas foram utilizados. 
Além disso, foi verificada a interferência do acasalamento 
nas características biológicas dos descendentes. Foi 
constatado que o acasalamento é capaz de alterar o 
parasitismo e a longevidade das fêmeas genitoras, além de 
alterar a longevidade entre os descendentes, porém, uma 
vez parasitados, os ovos se desenvolvem normalmente, 
apresentando viabilidade e número de descendentes 
similares aos das fêmeas não acasaladas. Verificamos 
ainda, que a população de T. pretiosum coletada em campo 
apresentou indivíduos com características reprodutivas 
telítocas e arrenótocas. Esse fato ressalta a importância de 
investigações cuidadosas sobre o modo de reprodução das 
populações coletadas em campo, evitando assim problemas 
de eficiência no manejo de populações de insetos.

Palavras-chave: parasitoides de ovos, acasalamento, 
telítoca, arrenótoca.
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