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Abstract: Parasitism rates and parasitoid development can be influenced by the species and 
developmental stage of the host, both of these factors can influence parasitoid performance and 
fitness. In this study, parasitism rates and developmental parameters were assessed for two 
widely distributed and commercially available species of aphid parasitoid: Aphidius ervi 
(Hymenoptera: Braconidae) and Aphelinus abdominalis (Hymenoptera: Aphelinidae). In a first 
bioassay, parasitism rates and parasitoid development were investigated in different host spe-
cies. The wasp A. ervi was tested on Macrosiphum euphorbiae, Rhopalosiphum padi, and 
Myzus persicae (Hemiptera: Aphididae) and A. abdominalis was tested on M. persicae, R. padi, 
and Rhopalosiphum maidis (Hemiptera: Aphididae). The results indicated that A. ervi had a 
greater percentage of emergence, higher percentage of parasitized aphids, longer developmen-
tal time, and higher proportion of females in M. persicae than in the other hosts. A. abdominalis 
had a greater percentage of emergence, larger progeny, and shorter developmental time in 
R. padi than in the other hosts. A second bioassay evaluated the preference of the parasitoids for 
different instars of their respective optimum host aphids in terms of parasitism and develop-
ment, as determined in the first bioassay. The results showed that A. ervi produced a greater 
number of mummies in the fourth instar and in adults of M. persicae. In contrast, A. abdomina-
lis preferred the first instar of R. padi. In conclusion, our results indicate that both parasitoid 
species exhibit different parasitism parameters depending upon the host species and the host 
stage. This suggests that these parasitoid species could be potentially complementary on mul-
tiple or combined releases of biological control programs.
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1 Introduction

Biological control is a pest control strategy that has been effective in several cases (Van 
Driesche & Belows 1996). Besides, it can be an alternative or complementary strategy 
to the traditional use of synthetic pesticides for pest control (Van Driesche et al. 2008). 
However, its use involves knowledge on the implication of several factors (e.g. inter-
actions among organisms), which in some cases are not fully known or understood. 
For example, if the control of an aphid pest is intended using a parasitoid species, 
once released the parasitoid it could attack other aphid species, producing unexpected 
results on the efficiency of our pest control strategy. Then, previous knowledge on the 
host species suitability or instar preference of natural enemies on different hosts will 
be helpful to better predict or understand pest control results (Godfray 1994, Brodeur 
& Vet 1995, Desneux et al. 2009a, 2009b, 2009c, Desneux et al. 2012).

Aphids are an important pest group throughout the world. Because of the damage 
they cause to vegetable, fruit, and grain crops, a few species stand out as particularly 
important: Macrosiphum euphorbiae Thomas, Myzus persicae Sulzer, Rhopalosiphum 
padi Linnaeus and Rhopalosiphum maidis Fitch (Hemiptera: Aphididae) (Blackman 
& Eastop 2007, Gavkare et al. 2014). The main damage they cause is due to extraction 
of sap and fungal proliferation due to honeydew, but above all, they are vectors of a 
number of viral diseases (Boquel et al. 2014, Xiao et al. 2015). One of the methods for 
their control has been the use of natural enemies such as predators and parasitoids. For 
example, Aphidius ervi Haliday (Hymenoptera: Braconidae) and Aphelinus abdomi-
nalis Dalman (Hymenoptera: Aphelinidae) are two species of solitary parasitoids 
increasingly being used in America and Europe for biological control of aphids (Daza-
Bustamante et al. 2003, Ceballos & Duarte 2012, Legarrea et al. 2014, Shrestha et al. 
2015). They are commercially available and can share some hosts attacking common 
crops such as eggplant, tomato, pepper and beans. The wasp A. ervi can be used to 
control species of the tribe Macrosiphini such as M. euphorbiae, M. persicae, and 
Acyrthosiphon pisum Harris (Takada & Tada 2000, Acheampong et al. 2012, Daza-
Bustamante et al. 2003). For its part, A. abdominalis is a wasp that attack species of 
aphids including M. persicae, R. padi, R. maidis, and M. euphorbiae, among others 
(Duarte et al. 2012, Acheampong et al. 2012, Ceballos & Duarte 2012, Japoshvili & 
Abrantes 2006, Botto 1981). The quality of the host, from the perspective of the para-
sitoids, can be related to its nutritional content (Mackauer et al. 1996). At the same 
time, the nutritional content of the host will be influenced by its species (Sequeira & 
Mackauer 1993). Thus, the host species can determine its quality and whether or not it 
would be chosen by a parasitoid. In an ecosystem, it is common for different host spe-
cies to coexist (Van Alphen & Jervis 1996), and it is predicted that the host of the best 
quality for parasitoid progeny development will be chosen for reproduction (Godfray 
1994, Heimpel et al. 1996, Cingolani et al. 2014). The mechanisms used by female 
parasitoids to locate and discriminate among hosts are widely described by Isidoro 
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et al. (2001) and van Baaren et al. (2007). In this process, antennae play a key role for 
the recognition of cues associated to hosts, both, volatile and contact semiochemicals 
(Romano et al. 2016). Thus, faced with a host of good quality, it is expected that a 
parasitoid will choose this host over others and will have high rates of parasitism and 
survival to the adult stage, as well as progeny with greater size and fertility, shorter 
development time, and a biased female sex-ratio (at least a 1:1 female:male proportion 
(i.e. 50% females) is expected) (Mackauer 1996, Van Driesche et al. 2008, Teppa-
Yotto et al. 2013, Ghimire & Phillips 2014).

In order to effectively employ parasitoids in biological control programs, it is 
important to know about their host selection behavior and host suitability in different 
host species (Rakhshani et al. 2004). Indeed, during their life cycle, one of the impor-
tant decisions facing female parasitoids is whether or not to parasitize certain host spe-
cies and developmental stages (Barrete et al. 2009). These decisions will determine 
whether or not her progeny will survive and develop adequately.

Previous studies have approached this subject of host suitability and selec-
tion of parasitoids in different species and stages of aphids (Rakhshani et al. 2004, 
Tomanovick et al. 2009, Sídney et al. 2010, Silva et al. 2011, Monje et al. 1999). 
Among the principal biological parameters measuring host suitability are rates of 
parasitism, survival to the adult stage, sex-ratio, immature developmental times and 
offspring size (Sidney et al. 2010, Gavkare et al. 2014, Duarte et al. 2012, Gavkare 
et al. 2013, Stilmant et al. 2008). For the specific case of A. ervi and A. abdomina-
lis, some of these parameters have been previously studied using some aphid hosts 
(Table 1). However, information taking into account other biological parameters or 
host species is lacking (see details in Table 1). For example, for A. ervi, Sidney et al. 
(2010) studied developmental parameters using the host M. euphorbiae. Percentage 
of parasitism has been assessed on M. persicae (Gavkare et al. 2014) and R. padi 
(Stilmant et al. 2008). However, important parameters such as mean number of para-
sitized hosts, sex-ratio and offspring size have not still been assessed for M. persicae 
and R. padi (Table 1). Information on A. abdominalis is less available. For example, 
Duarte et al. (2012) evaluated some biological parameters (e.g., percentage of emer-
gence and developmental time) in M. persicae. However, the sex-ratio and offspring 
size of A. abdominalis developing in M. persicae was not reported. Furthermore, all 
these developmental parameters have not been assessed using R. maidis or R. padi as 
hosts (Table 1).

In another hand, it has been observed that some species of parasitoids are able 
to oviposit and develop in various developmental stages of a host (Rakhshani et al. 
2004, López et al. 2009, Latham & Mills 2012). Nevertheless, some species of para-
sitoids show a preference for parasitism of certain stages of development of the host 
(Weisser 1994, Rakhshani et al. 2004, He et al. 2005, Talebi et al. 2006). In the case 
of A. ervi, its preference for specific developmental stages has been assessed in spe-
cies such as M. persicae, Acyrthosiphon kondoi, and Aulacorthum solani (Hemiptera: 
Aphidoidea) (Colinet et al. 2005, He & Wang 2006, He et al. 2011). These studies 
found that A. ervi has a preference for intermediate stages of development. As a pos-
sible explanation, these authors proposed defensive behavior and nutritional value of 
the host. Instar preference of A. abdominalis has been studied in Nasonovia ribisnigri 
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Table 1. Detailed information on the contributions of the present study. For each para-
sitoid species, we formed 18 cells by crossing 6 biological parameters studied and 
3 hosts species analyzed. For each cell it is indicated: ‘Not reported previously’ (when 
we found no previous published literature reporting that information) or ‘Reported pre-
viously’ (when previous literature reports information for that specific cell). In the last 
case, we provide also the reference that reports such information. ‘Reported here’ 
indicates that we generated data in this study for that specific cell.

Aphidius ervi
Hosts
M. persicae R. padi M. euphorbiae

Mean of  
parasitized aphids

Not reported 
previously 
(Reported here)

Not reported 
previously 
(Reported here)

Not reported 
previously 
(Reported here)

Percentage of 
parasitism

Reported previ-
ously: Gavkare 
et al. 2014 
(Reported here)

Reported previ-
ously: Stilman 
et al. 2008 
(Reported here)

Reported previ-
ously: Sidney 
et al. 2010 
(Reported here)

Percentage of 
emergence

Reported previ-
ously: Hofsvang & 
Hagvar 1975 
(Reported here)

Not reported 
previously 
(Reported here)

Reported previ-
ously: Sidney 
et al. 2010 
(Reported here)

Sex-ratio Not reported 
previously 
(Reported here)

Not reported 
previously 
(Reported here)

Reported previ-
ously: Sidney 
et al. 2010 
(Reported here)

Development time Reported  
previously:  
Hofsvang & 
Hagvar 1975 
(Reported here)

Not reported 
previously 
(Reported here)

Reported previ-
ously: Sidney 
et al. 2010 
(Reported here)

Offspring size Not reported 
previously 
(Reported here)

Not reported 
previously 
(Reported here)

Reported previ-
ously: Sidney 
et al. 2010 
(Reported here)

and Myzus ascalonicus (Hemiptera: Aphidoidea) (Shrestha et al. 2015, Wahab 1985). 
These studies report that for N. ribisnigri, the preference is for first, second, and third 
stages, while in M. ascalonicus, the preference is for third and fourth stages, as well 
as for adults. The authors relate this preference to the presence of effective defensive 
mechanisms in the other stages.
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An understanding of the preference of parasitoids for certain developmental stages 
is important because it forms a part of the life history of these organisms (Trotta 
et al 2014), and can contribute to the understanding of foraging and host-selection 
strategies (Henry et al. 2009), as well as their population dynamics (Lin & Ives 2003, 
Sengonca et al. 2008). From an applied point of view, this information can be valuable 
during mass rearing optimization (He & Wang 2006), and release of these parasitoid 
species (Shrestha et al. 2015).

For the above reasons, the aims of the present study were: 1) to assess the suit-
ability of different aphid species for A. ervi and A. abdominalis and, 2) to determine 
which host developmental stage is preferred by the parasitoids A. ervi and A. abdomi-
nalis, when faced with different developmental stages of M. persicae and R. padi, 
respectively. We choose these host species for the second bioassay on the basis of the 
results of the first bioassay that indicated that these hosts were the best for parasitoid 
development.

Aphelinus abdominalis
Hosts
M. persicae R. padi R. maidis

Mean of  
parasitized aphids

Not reported 
previously 
(Reported here)

Not reported 
previously 
(Reported here)

Not reported 
previously 
(Reported here)

Percentage of 
parasitism

Reported  
previously:  
Duarte et al. 2012 
(Reported here)

Not reported 
previously 
(Reported here)

Not reported 
previously 
(Reported here)

Percentage of 
emergence

Reported  
previously:  
Duarte et al. 2012 
(Reported here)

Not reported 
previously 
(Reported here)

Not reported 
previously 
(Reported here)

Sex-ratio Not reported 
previously 
(Reported here)

Not reported 
previously 
(Reported here)

Not reported 
previously 
(Reported here)

Development time Reported  
previously:  
Duarte et al. 2012 
(Reported here)

Not reported 
previously 
(Reported here)

Not reported 
previously 
(Reported here)

Offspring size Not reported 
previously 
(Reported here)

Not reported 
previously 
(Reported here)

Not reported 
previously 
(Reported here)



352 M.C. Velasco-Hernández et al.

2 Materials and Methods

2.1 Biological material

Plants
To maintain the different species of aphids, the plants used were chili (Capsicum 
annuum L. var. Serrano), oat (Avena sativa L. var. Avemex), potato (Solanum tuberosum 
L. var. Blanca), and maize (Zea mays L. var. Tuxpeño). The chili plants were grown 
from commercial seeds acquired at La Casa del Hortelano S.A. de C.V. (Guadalajara, 
Jalisco, México). Seeds for the oat plants were acquired at Grupo Industrial Vida S.A. 
de C.V. (Venta del Astillero, Jalisco, México). Potato plants were grown from tubers 
acquired from a local commercial market (Zapopan, Jalisco, México). The seeds for 
the maize, were provided by CIMMyT (Centro Internacional de Mejoramiento de 
Maíz y Trigo, México State, México).

All of the seeds and tubers were planted in square pots (8.5 cm × 8.5 cm × 9 cm) 
containing Nutrigarden® soil: 50% black soil and 50% compost (Sulfatos y Derivados, 
S.A. de C.V., México) and perlite (Agrolita de México, S.A. de C.V.) mixed in a 
1:1 ratio. The plants were fertilized with “triple 18” fertilizer (SQM Comercial de 
México S.A. de C.V.) every two days. All of the plants were used at 1–2 months of 
age and were maintained free of herbivores until the experiment. The chili plants 
were maintained in an acclimatized room with 24 ± 3 °C, relative humidity (RH) of 
50 ± 10% and a light:dark (L:D) photoperiod of 12:12 hours in the Biological Control 
Laboratory, CUCBA, Universidad de Guadalajara, Mexico (BCL-UdG). The maize 
plants and oat were maintained under greenhouse conditions (17 ± 6.5 °C, RH: 68 ± 
26.5%) in cages covered with anti-aphid mesh to preclude the entrance of herbivores. 
The maize and oat plants were grown in the greenhouse because, during previous 
growing attempts, we observed that development proceeded better under greenhouse 
conditions than under laboratory conditions. In contrast, the chili and potato plants 
developed well for our purposes in the laboratory.

The plants used to maintain the aphid colonies were: chili plants for M. persicae, 
oat plants for R. padi, potato plants for M. euphorbiae, and maize plants for R. maidis.

Insects
All insects were maintained under laboratory conditions, at 24 ± 3 °C, RH of 50 ± 10% 
and a photoperiod of 12:12 (L:D) hours.

Aphid colonies were established in the BCL-UdG. The colonies of R. padi, 
M. euphorbiae, and R. maidis were initiated with individuals collected in crops adja-
cent to the BCL-UdG campus (Latitude: North 20° 44’ 47”, Longitude: West 103° 
30’ 43”) between August and November of 2013. R. padi was collected on oat plants, 
R. maidis on maize plants, and M. euphorbiae on tomatillo plants (Physalis philadel-
phica Lam.). To collect aphids, we carefully sampled about 20 individuals per aphid 
species using a fine paintbrush. These individuals were left on its corresponding host 
plant placed in an acrylic cage (45 cm high × 38 cm long × 30 cm wide) covered 
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with anti-aphid mesh. After sampling, cages with plants and aphids were transferred 
to a rearing room and provided with new host plants as required. These cages were 
supervised daily and newborn aphids were carefully transferred to a different cage 
containing new host plants. The newborn aphids were used to increase populations 
and perform experiments. The colony of M. persicae was established from individu-
als provided by Mary Carmen Torres Quintero (Laboratorio de control Biológico del 
Centro de Investigaciones en Biotecnología de la Universidad Autónoma del Estado 
de Morelos, México) in February of 2012. All the aphid species were taxonomically 
verified by the Aphidoidea specialist MSc. Rebeca Peña Martínez (Escuela Nacional 
de Ciencias Biológicas, Instituto Politécnico Nacional, IPN, México) (Blackman & 
Eastop 2000, Blackman & Eastop 2007).

Parasitoids of both species, A. ervi and A. abdominalis, were provided as mum-
mies by the company Koppert México S.A. de C.V. (Querétaro, México). After their 
arrival at the laboratory, they were maintained in acrylic cages (45 cm high × 38 cm 
long × 30 cm wide) and fed ad libitum with a honey solution (Carlota, McCormick de 
México S.A. de C.V., Morelos, México) diluted to a honey:water ratio of 7:3, v/v, and 
drinking water in folded absorbent paper (7 cm × 7 cm) placed in the base of a petri 
dish (8.5 cm in diameter) (Bao-Fundora et al. 2016). After adult emergence of these 
mummies, pairs of parasitoids were randomly selected and using an insect aspirator 
were placed together in petri dishes (8.5 cm in diameter) to increase the probability 
of mating. The pairs were fed with a honey solution (7:3 ml honey:water) and drink-
ing water in 1 cm3 of cotton. For the experiments, 24- to 48-hour old females of both 
species (A. ervi and A. abdominalis) were used. From previous studies, it is known 
that both parasitoids are able to oviposit 1 day after their emergence (Wahab 1985, 
He et al. 2004).

2.2 Bioassay 1: Host species suitability

All bioassays were performed at 24 ± 3 °C and a RH of 50 ± 10%, an L12:D12 pho-
toperiod and 1600 lux. We followed a randomized block design (with days as the 
blocking factor) in which the different aphid species were tested (no-choice tests) 
with the two species of parasitoids. For A. ervi, the aphid species M. persicae, R. padi, 
and M. euphorbiae were tested. For A. abdominalis, the aphid species M. persicae, R. 
padi, and R. maidis were tested. These aphid species were chosen taking into account 
that they can share some host plants and be present simultaneously in the field. For 
example, R. padi and R. maidis can be found simultaneously on maize (Zea mays) and 
grasses (SAGARPA 2013). Myzus persicae and M. euphorbiae can be simultaneously 
present on plants of the Solanacea family (Srinivasan & Alvarez 2011, Davis et al. 
2006).

We tested host species suitability based on the methodology described by Desneux 
et al. (2009b). In this methodology, each host plant corresponding to a specific species 
of aphid was covered with a cylinder of transparent plastic (11 cm in diameter, 21 cm 
high). Each cylinder had 12 holes (3.5 cm in diameter) and an additional hole at the 
upper end, these were all covered with anti-aphid mesh for ventilation. Fifty aphids 
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of the corresponding species were placed on each host plant (i.e. M. persicae on chili,  
R. padi on oat, R. maidis on maize, and M. euphorbiae on potato). These 50 aphids 
were taken at random from the general colony of each species and included individu-
als from different developmental stages following Desneux et al. (2009b) and with the 
aim of simulating what can be found in the field (i.e. several aphid instars present con-
comitantly). After this time, a female parasitoid was introduced into the cylinder. For 
this, we used an insect aspirator to take the parasitoid from the petri dish and release 
it over the leaves of the plant. Afterwards, the plant was immediately covered with 
the plastic cylinder. Once released, the parasitoid was allowed to forage for 24 hours. 
After this period of time, the female parasitoid was withdrawn and the plants were 
checked daily for the presence of mummies (Capinera 2008). When mummies were 
detected, they were separated into individual gelatin capsules (Capsugel qualityMR, 
Envases Velasco, Guadalajara, Jalisco, México) and checked every 24 hours in order 
to register the day of emergence and the sex of the emerging wasps.

For this bioassay, the response variables were the mean number of aphids parasit-
ized (i.e., number of mummies formed), the sex of the emergent wasps, and the devel-
opment time in days (time after oviposition until emergence of the parasitoid adult), 
for each wasp. Using these variables, three values were calculated: the percentage of 
parasitism (number of parasitized aphids*100/total exposed aphids), the percentage 
of emergence (number of emerged wasps*100/number of parasitized aphids), and sex 
ratio (number of female emerged wasps/total number of emerged wasps). In addition, 
the posterior right tibia of emerged wasps was measured as an estimation of size. 
The tibias were measured with a stereoscope (Stemi 2000-C Carl Zeiss) connected to 
an AxioCam ICc1 camera, using AxioVision 4.8 software (Carl Zeiss, Guadalajara, 
Jalisco, México). Fifteen replicates were performed for A. ervi (in total 45 A. ervi 
wasps were tested) and 20 replicates for A. abdominalis (in total 60 A. abdominalis 
wasps were tested).

For A. ervi, the response variables (mean number of parasitized aphids, percentage 
of parasitism, percentage of emergence, sex ratio, and development time) were com-
pared among aphid species using linear mixed models (LMM) with the host species 
as the fixed factor and the block (days) as the random factor (Crawley 2007). Size was 
analyzed using a linear model with the host species as the main factor and the block 
integrated into the model (Crawley 2007), but after sqrt (x + 0.5) transformation of 
data (Zar 1998) to fit normality and homoscedasticity requirements.

For A. abdominalis, the four response variables, mean number of parasitized 
aphids, percentage of parasitism, percentage of emergence, and development time, 
were compared among host species using an LMM with the host species as the fixed 
factor and the block as the random factor. The sex ratio was not compared because 
only females emerged in the three species of aphids evaluated. The size of the progeny 
was compared among aphid host species in the same way as for A. ervi. All analyses 
were performed using R, version 3.3.1 R Core Team (2013).
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2.3 Bioassay 2: Instar preference

For this bioassay, we also followed a randomized block design, with time (days) as 
the blocking factor. Ten individuals from each nymphal developmental stage, first to 
fourth instars (Perdikis et al. 2004) as well as wingless adults (Tahriri et al. 2007), 
from each aphid species, were selected. With these 50 aphids in total, we sought to 
provide the wasps with a sufficient number of aphids to parasitize (see Results, Fig. 1). 
For this bioassay, for A. ervi we used M. persicae as host species and for A. abdomi-
nalis we used R. padi, since these were the species with the highest rates of parasit-
ism in the first bioassay (see Results, Figs. 1 and 2). The aphids were placed on a 
leaf of their corresponding host plant that was inserted into a piece (1 cm2) of floral 
foam (OASIS ®, Smithers-Oasis, Zapopan, Jalisco, México) to maintain hydration, 
afterwards they were transferred to a petri dish (8.5 cm in diameter). The leaves were 
changed every three days to ensure their turgidity. Damp filter paper (ISOLAB aver-
age porosity, 8.3 cm in diameter, Prolab, Guadalajara, Jalisco, México) was placed in 
the base of each petri dish and to provide food to wasps, a drop of undiluted honey 
was placed on the inside of the lid. One leaf of the host plant for each species of aphid 
was placed on the damp filter paper, and different stages of aphids were randomly 
placed on the leaf and allowed to establish themselves for one hour. After this period, 
one female parasitoid was taken using an insect aspirator and then released into each 
petri dish and allowed to forage there for 24 hours. At the end of this time period, the 
parasitoid was withdrawn and the aphids were separated according to their develop-
mental stage. The different stages of aphids were placed on a leaf of their correspond-
ing host plant in a petri dish (described earlier) in order to allow development of the 
aphids and parasitoids to the mummy phase (Capinera 2008). The leaf was changed 
every three days in order to maintain nourishment for the aphids. After the day of 
exposure to the parasitoid, the aphids were observed every 24 hours and the number 
of mummies produced for each stage was recorded. For each parasitoid species, this 
procedure was replicated fifteen times (i.e. the total number of tested individuals was: 
15 A. ervi, 750 M. persicae, 15 A. abdominalis and 750 R. padi). For A. ervi, the mean 
number of mummies was compared among stages using a linear model with the host 
instar as the main factor and the block integrated into the model (Crawley 2007), after 
sqrt (x + 0.5) transformation of data (Zar 1998) to fit normality and homoscedasticity 
requirements.

For A. abdominalis, the mean number of mummies produced was compared 
among the different stages using a linear mixed model (LMM) with the stage as the 
fixed factor and the block as the random factor.
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3 Results

3.1 Bioassay 1: Host species

For A. ervi, we found significant differences in the mean number of parasitized aphids 
(F2,28 = 75.554, P < 0.0001) (Fig. 1A), percentage of parasitism (F2,28 = 61.987,  
P < 0.001) (Fig. 1B), percentage of emergence (F2,28 = 26.256, P < 0.001) (Fig. 1C), 

Fig. 1. Variables analyzed for the species A. ervi. A) Mean (± SE) number of parasit-
ized aphids, B) Mean (± SE) percentage of parasitism, C) Mean (± SE) percentage of 
emergence, D) Mean (± SE) proportion of females, E) Mean (± SE) development time 
(in days), F) Mean (± SE) size of the progeny tibia (in millimeters). Different letters 
indicate significant differences among the host species (P < 0.05).
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sex ratio (F2,28 = 9.822, P < 0.001) (Fig. 1D), and development time (F2,108 = 13.098, 
P < 0.001) (Fig. 1E). However, no significant differences were found in the size of 
the emerged wasps from different hosts (F2,108 = 2.665, P = 0.074) (Fig. 1F). In terms 
of mean number of parasitized aphids, percentage of parasitism, percentage of emer-
gence, and female:male sex ratio, the parasitoid A. ervi had significantly higher levels 
in M. persicae than in R. padi and M. euphorbiae (Figs. 1A, B, C and D). Furthermore, 
development time of A. ervi was significantly longer in M. persicae than in the other 

Fig. 2. Variables analyzed for the species A. abdominalis. A) Mean (± SE) number of 
parasitized aphids, B) Mean (± SE) percentage of parasitism, C) Mean (± SE) percent-
age of emergence, D) Mean (± SE) proportion of females, E) Mean (± SE) develop-
ment time (in days), F) Mean (± SE) size of the progeny tibia (in millimeters). Different 
letters indicate significant differences between the host species (p < 0.05).



358 M.C. Velasco-Hernández et al.

two aphid species (Fig. 1E). In contrast, the size of the A. ervi offspring emerging 
from the three aphid host species was not significantly different (Fig. 1F).

For the parasitoid A. abdominalis, significant differences were found for the 
mean number of parasitized aphids (F2,38 = 16.550, P < 0.0001) (Fig. 2A), percent-
ages of parasitism (F2,38 = 18.765, P < 0.0001) (Fig. 2B), percentages of emergence 
(F2,38 = 6.439, P = 0.003) (Fig. 2C), development time (F2,204 = 10.610, P < 0.001)  
(Fig. 2E), and size of the progeny (F2,202 = 121.270, P < 0.001) (Fig. 2F). The highest per-
centage of parasitism was obtained in R. padi, and the lowest was obtained in R. maidis  
(Fig. 2B). We did not find significant differences in sex ratio because in all three aphid 
species, only female wasps were obtained (Fig. 2D). Regarding the percentage of emer-
gence, more A. abdominalis individuals were obtained from M. persicae and R. padi 
compared with R. maidis (Fig. 2C). Development time for A. abdominalis was shorter 
in R. padi than in M. persicae and R. maidis (Fig. 2E). When the size of the offspring 
was analyzed, A. abdominalis was found to produce significantly larger daughters in R. 
padi compared with those obtained from M. persicae and R. maidis (Fig. 3D).

3.2 Bioassay 2: Instar preference

Each species of parasitoid showed a preference for parasitism of some host instars over 
others (A. ervi: F4,56 = 5.813, P < 0.001, A. abdominalis: F4,56 = 15.598, P < 0.001). 
A. ervi produced a significant larger number of mummies in the fourth nymphal stage 
and in adult aphids (Fig. 3A). In the third instar, the number of produced mummies 
was marginally larger relative to those produced in the second instar (Fig. 3A). This 
indicates that A. ervi can produce more offspring in more advanced stages of develop-
ment in the aphid M. persicae.

In contrast to A. ervi, the parasitoid A. abdominalis produced more mummies 
in early stage nymphs (F4,56 = 15.598, P < 0.001) than in more advanced devel-
opmental stages (Fig. 3B). In particular, the number of mummies produced in first 

Fig. 3. Instar preference bioassay. A) Mean (± SE) number of mummies produced by 
A. ervi in each nymphal stage of the host aphid species M. persicae, B) Mean (± SE) 
number of mummies produced by A. abdominalis in each nymphal stage of the host 
aphid species R. padi. Different letters indicate significant differences between the host 
species (p < 0.05).
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instar nymphs was significantly higher compared with other stages of development 
(Fig. 3B). Mummy production followed in descending order from the second to the 
third nymphal stage, with the fourth nymphal stage and the adults producing the 
smallest number of mummies (Fig. 3B).

4 Discussion

4.1 Host species suitability

Parasitoids can attack, reproduce, and develop in different host species. However, 
they must choose the most optimal species for their development (Ghimire & Phillips 
2014). Because of this, it is expected that female parasitoids would prefer to select 
hosts with high nutritional quality to ensure development of their offspring (Wang 
& Liu 2002). In the present study, the suitability of three aphid host species for two 
species of widely employed aphid parasitoids was tested. In addition, it was assessed 
whether some developmental stages of some host species were preferred over others. 
We found that each species of parasitoid developed better in different host species, 
as well as in distinct developmental stages. That is to say, they can exploit distinct 
niches, which could prove useful in aphid control programs.

Studies on host preference and quality have been conducted for the parasitoid 
A. ervi (Sidney et al. 2010, Bueno et al. 1993). Our work brings new information 
on the development of this parasitoid species in different host species and the way 
that the host species can affect some developmental traits of the parasitoid. Previous 
studies have reported parasitism rates for A. ervi as 74% in M. euphorbiae (Sidney 
et al. 2010), 16.9% or 4.1% in M. persicae (Kavallieratos et al. 2004, Gavkare et al. 
2014), 14.3% or no parasitism in R. padi (Rakhshani et al. 2008, Stilmant et al. 2008, 
Tomanović et al. 2008). These results differ from our findings in the present study, 
as we found parasitism rates of 2%, 19.8%, and 4% in M. euphorbiae, M. persicae, 
and R. padi, respectively. For other species of aphids such as A. pisum and A. kondoi, 
reported percentages of parasitism are of 34% and 32%, respectively (Bueno et al. 
1993). Considering a related measurement, we found that the greatest percentage of 
emergence of A. ervi (70%) was from the host aphid M. persicae, a higher rate than 
the 50% reported by Hofsvang & Hagvar (1975). The percentage of emergence we 
found in the potato aphid, M. euphorbiae, was 25%, in contrast to the 92% found by 
Sidney et al. (2010).

Regarding sex ratio of A. ervi progeny emerged from M. euphorbiae, we found 
a lower percentage of females (20%), compared with that reported by Sidney et al. 
(2010) (68%). Further, despite the assertion in the literature that sex ratio will be 
biased toward females in large hosts (Spitzen & van Huis 2005), we found a lower 
quantity of females in the largest host (M. euphorbiae: 1.7–3.6 mm > M. persicae: 1.2 
a 2.5 mm and R. padi: 1.2–2.4 mm (Enciclop’Aphid 2016)).

The mean development time of A. ervi in M. persicae in our study was 12.6 days 
on average, in contrast to the 19.9 days reported by Hofsvang & Hagvar (1975).
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In our analysis of the size of the emerged wasps of A. ervi, our results coincided 
with those of Sidney et al. (2010) in that M. euphorbiae produced wasps of the great-
est size, although the size we observed (0.55 mm) was lower than that reported by 
them (0.73 mm). For the most part, parasitoids evaluate the size of the host as an 
indication of quality when choosing hosts of greater size (Sequeira & Mackauer 
1992). Nevertheless, our results contradict this trend since, although M. euphorbiae 
is the largest host (1.7–3.6 mm), it produces fewer parasitoids, and, within these, few 
females, whereas M. persicae produces more parasitoids and, within these, the most 
females. In other words, if the production of adults and especially females is important 
for the fitness of the parasitoid, M. persicae represents a good quality host for A. ervi, 
in fact, the best among the studied species. Likewise, M. persicae has been reported 
as the most optimal host for the development of other species of parasitoids, such as 
Aphidius colemani Viereck, Diaeretiella rapae Stary and Praon volucre (Haliday) 
(Hymenoptera: Braconidae) (Kavallieratos et al. 2004, Silva et al. 2011).

A preference for parasitizing some species over others has also been found in 
the genus Aphelinus (Kang et al. 2012). For example, Prinsloo (2000) found that 
Aphelinus sp. nr. varipes (Hymenoptera: Aphelinidae) oviposited in Diuraphis noxia 
Kurdjumov, Schizaphis graminum Rondani, Sitobion avenae Fabricius, R. padi, and 
Metopolophium dirhodum Walker, but development was not achieved in R. padi and 
S. avenae. Moreover, a greater number of eggs were laid in D. noxia. Their results 
suggest that some hosts are more adequate for the parasitoid.

The percentage of parasitism of A. abdominalis in the hosts evaluated in the pres-
ent study differed from the results found in other studies (Duarte et al. 2012), support-
ing the hypothesis of specialization of populations of parasitoids in accordance with 
their origins.

In this way, differences among populations could explain the variations of host 
acceptance and parasitism rates. For example, differences among mechanoreceptor 
sensilla (i.e. number and distribution) of female antennae could perhaps result on 
different rates of host location and acceptance (Isidoro et al. 2001, van Baaren, et al. 
2007, Romano et al. 2016). In general, the percentage of emergence of A. abdominalis 
in M. persicae was high (70%), coinciding with that reported by Duarte et al. (2012) 
on the same species.

It should be noted that in this study, A. abdominalis only produced female prog-
eny in all three host species, in contrast to the findings of Honek et al. (1998), who 
observed the emergence of both sexes. If the models of sex ratio presuming that 
female parasitoids utilize hosts of the best quality (Godfray 1994) are correct, our 
results would indicate that the hosts utilized were perceived by the females as being 
of high quality. Nonetheless, it is important to consider that A. abdominalis has been 
reported as a species that exhibits deuterotoky, and that for the most part, its progeny 
are females (Wahab 1985).

In general, it was observed that the host conferring substantial adaptive advantages 
on A. abdominalis was R. padi, indicating that it can be considered to be of higher 
quality than the other two species evaluated.

Overall, we found that the results obtained in this study, together with those of the 
cited previous studies, differed in developmental and experimental conditions, and 
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therefore differences in results are not surprising. However, some of these differences 
may be due to the parasitoids belonging to different biotypes and/or populations. With 
respect to this, Takada & Tada (2000) reported that they found differences in variables 
such as percentage of parasitism when comparing different “lines” (strains) of A. ervi. 
Likewise, it has been previously reported that A. ervi is a species with differences 
between populations, due principally to geographic isolation and their adaptation to 
specific hosts (Atanassova et al. 1998, Kavallieratos et al. 2004).

4.2 Instar preference

Our work confirms that both species of parasitoids are capable of parasitizing all of 
the stages of their aphid hosts, but have a preference for some of these stages over 
others (Lopez et al. 2009, Latham & Mills 2012). In general, it can be said that this 
study confirms previous findings of instar preference in these parasitoids, which is an 
important point for their optimization for practical use.

We found that A. ervi more frequently parasitized the last two nymphal stages and 
adults of M. persicae, a similar finding to that reported by Colinet et al. (2005), who 
observed a majority of parasitism in intermediate stages (corresponding to instars 3 
and 4) of M. persicae. Likewise, this behavior of choosing intermediate stages has 
been observed in other hosts, such as Acyrthosiphon kondoi Shinji (He & Wang 2006, 
He et al. 2011). The preference of A. ervi for more advanced instars in M. persicae 
is related to improved quality. This has also been observed by He et al. (2011), who 
reported that A. ervi prefers to parasitize more advanced instars of Acyrthosiphon 
pisum (Harris). This is similar to the behavior of the parasitoid Lysiphlebus testaceipes 
Cresson (Hymenoptera: Braconidae), which prefers larger stages of Aphis gossypii 
Glover (Hopkinson et al. 2013). In addition, the females of A. ervi have the advantage 
of an absence of defensive, aggressive behavior in more advanced instars, in contrast 
to what has been observed in other species of aphids like Aphis fabae Scopoli, Aphis 
glycines Matsumura, and A. pisum (Ameri et al. 2014, Wyckhuys et al. 2008).

Similarly to findings in other species of parasitoids, such as Aphelinus spiraecolae 
Evans & Schauff and Monoctonus paulensis (Ashmead) (Tang & Yokomi 1996, Chau & 
Mackauer 2000), A. abdominalis prefers to oviposit in the smaller developmental stages 
(instars 1 and 2, principally). Although in general, hosts of larger size (in this case, more 
advanced instars) are preferred by female parasitoids, the preference for small instars 
could be related to the capacity of larger aphids to escape or damage the parasitoid as a 
part of a defensive strategy while the parasitoids are ovipositing (Wyckhuys et al. 2008). 
Indeed, it has been reported that in various species of aphids, defensive behavior is more 
pronounced in larger stages in comparison with smaller ones (Kouamé & Mackauer 
1991). In addition, and in concordance with our results, Shrestha et al. (2015) observed 
that A. abdominalis displays greater parasitism in the first stages (instars 1, 2, and 3) in 
Nasonovia ribisnigri Mosley (Hemiptera: Aphididae), in comparison with fourth instar 
nymphs and adults. Although it was found that A. abdominalis is capable of developing 
in all stages of N. ribisnigri, significantly more successful parasitism was reported in the 
second instar than in the fourth. In addition, it has been reported that in other species of 
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Aphelinus, the preference for parasitizing the first stages is frequently seen (Gerling et al. 
1990, Sengonca et al. 2008, Rohne 2002). In this sense, an advantage of parasitizing 
younger instars stems from the fact that the immune system of the host is less developed 
and tends to be more susceptible to wasp venom, which is convenient for endoparasit-
oids like A. abdominalis (Stoepler et al. 2013, Brodeur & Vet 1995, Chau & Mackauer 
2000). In our observations, we could see that in the first instar, the parasitoid approaches 
the host, becoming sufficiently close for insertion of the ovipositor while remaining out 
of range of the defensive movements of the aphid. Nevertheless, in the case of the third 
and fourth instars, the parasitoid is forced to get as close as possible while still staying 
out of reach of the defense systems of the aphids, this has also been seen in other species 
(Gerling et al. 1990). Thus, there may exist certain tendencies of small parasitoids like 
A. abdominalis, which can more easily parasitize early stages because the defenses of 
the aphids do not affect the parasitoid. On the other hand, Wahab (1985) reported that 
A. abdominalis oviposited more in the third stage in Myzus ascalonicus van der Goot 
(Hemiptera: Aphididae) in comparison with the other stages (first, second, fourth, and 
adult). However, they did not account for the quantity of mummies produced, that is to 
say, of effective ovipositions. In addition, the parasitoids stayed for three days in the 
presence of their host, so that possibly, and in the absence of more individuals of other 
instars, the females may have opted to oviposit in the next most numerous host stage.

5 Conclusion

In general, we can conclude that A. ervi developed better on the host species M. persi-
cae, over the hosts R. padi and M. euphorbidae. As for A. abdominalis, we found that 
R. padi is a better host for its development than the hosts M. persicae and R. maidis. 
Regarding instar preference, we observed that A. ervi prefers to parasitize larger/older 
instars over smaller/younger ones. In contrast, A. abdominalis prefers to parasitize 
smaller/younger stages. Considering the potential of these parasitoids in biological 
control programs, we estimate that they could be complementary to each other, since 
with their differences in preferred host species and instar, they will not be competing 
for the same targets.

Acknowledgments: We thank Luis Enrique Chavarín-Gómez and Pedro Torres Enciso (BCL-
UdG) for their technical assistance. We acknowledge CONACyT (Grant Number 157259) and 
the UC-Mexus-Conacyt Program (Grant Number CN12608) which provided grant support to 
RRR, and support from the FP7-PEOPLE-2013-IRSES fund (project APHIWEB, grant no. 
611810) to ND and MCVH. This work formed a part of the requirements for the degree of 
Doctor of MCVH (CONACyT ID: 367437), supervised by RRR. We thank Koppert-México SA 
de CV for the provision of the wasps.



Host species suitability and instar preference 363

References

Acheampong, S., Gillispie, D.R. & Quiring, D.J.M. (2012): Survey of parasitoids and hyperparasit-
oids (Hymenoptera) of the green peach aphid, Myzus persicae and the foxglove aphid, 
Aulocorthum solani (Hemiptera: Aphididae) in British Columbia. – Journal of the Entomological 
Society of British Columbia 109: 12–22.

Ameri, M., Rasekh, A. & Michaud, J.P. (2014): Body size affects host defensive behavior and prog-
eny fitness in a parasitoid wasp, Lysiphlebus fabarum. – Entomologia Experimentalis et Applicata 
150: 259–268.

Atanassova, P., Brookes, C.P., Loxdale, H.D. & Powell, W. (1998): Electrophoretic study of five 
aphid parasitoid species of genus Aphidius (Hymenoptera: Braconidae), including evidence for 
reproductively isolated sympatric populations and cryptic species. – Bulletin of Entomological 
Research 88: 3–13.

Barrete, M., Wu, G., Brodeur, J., Giralddeau, L. & Boivin, G. (2009): Testing competing measures of 
profitability for mobile resources. – Oecologia 158: 757–764.

Bao-Fundora, L., Ramirez-Romero, R., Sanchez-Hernandez, C.V., Sanchez-Martinez, J. & Desneux, 
N. (2015): Intraguild predation of Geocoris punctipes on Eretmocerus eremicus and its influence 
on the control of the whitefly Trialeurodes vaporariorum. – Pest Management Science 72: 
1110–1116.

Blackman, R.L. & Eastop, V.F. (2000) Aphids on the World’s Crops: An Identification and Information 
Guide. – 476 pp.,Wiley.

Blackman, R.L. & Eastop, V.F. (2007): Taxonomic issues. – In: Van Emden, H.F. & Harrington, R. 
(eds.): Aphids as crop pests. – 1–29, CAB International.

Botto, E.N. (1981): Aphelinus asychis Walker and Aphelinus abdominalis (Dalman), two new para-
sites of the green and yellow cereal aphids in Argentina. – Revista de la Sociedad Entomológica 
Argentina 39: 197–202.

Boquel, S., Giordanengo, P. & Ameline, A. (2014): Vector activity of three aphid species 
(Hemiptera:Aphididae) modulated by host plant selection behaviour on potato 
(Solanales:Solanaceae). – Annales de la Société Entomologique de France 50: 141–148.

Brodeur, J. & Vet, L.E.M. (1995): Relationships between parasitoid host range and host defense: a 
comparative study of egg encapsulation in two related parasitoid species. – Physiological 
Entomology 20: 7–12.

Bueno, B.H.P., Gutiérrez, A.P. & Rugle, P. (1993): Parasitism by Aphidius ervi (HYM.:aphidiidae): 
preference for pea aphid and blue alfalfa aphid (Hom.:Aphididae) and competition with  
A. smithi. – Entomophaga 38: 273–284.

Capinera, J.L. (2008): Encyclopedia of Entomology. – Second ed., Springer.
Ceballos, V.M. & Duarte, L. (2012): Aphelinus abdominalis (Dalman) (Hymenoptera: Aphelinidae), 

parasitoide de áfidos en Cuba: short communication. – Revista de Protección Vegetal 27: 
60–61.

Chau, A. & Mackauer, M. (2000): Host-instar selection in the aphid parasitoid Monoctonus paulensis 
(Hymenoptera: Braconidae, Aphidiinae): a preference for small pea aphids. – European Journal 
of Entomology 97: 347–353.

Chow, A. & Mackauer, M. (1991): Patterns of host selection by four species of aphidiid (Hymenoptera) 
parasitoids: influence of host switching. – Ecological Entomology 16: 403–410.

Cingolani, M.F., Greco, N.M. & Liljesthrom, G.G. (2014): Effect of Telenomus podisi, Trissolcus 
urichi, and Trissolcus basalis (Hymenoptera: Platygastridae) age on attack of Piezodorus guildi-
nii (Hemiptera: Pentatomidae) eggs. – Environmental Entomology 43: 377–383.

Colinet, H., Salin, C., Boivin, G. & Hance, T.H. (2005): Host age and fitness-related traits in a koino-
biont aphid parasitoid. – Ecological Entomology 30: 473–479.

Crawley, M.J. (2007): The R Book. – John Wiley & Sons.
Davis, J.A., Radclife, E.B. & Ragsdale, D.W. (2006): Resistance to green peach aphid, Myzus persi-

cae (Sulzer), and potato aphid, Macrosiphum euphorbiae (Thomas), in potato cultivars. – 
American Journal of Potato Research 84: 259–269.



364 M.C. Velasco-Hernández et al.

Desneux, N., Barta, R.J., Delebecque, C.J. & Heimpel, G.E. (2009a): Transient host paralysis as a 
means of reducing self-superparasitism in koinobiont endoparasitoids. – Journal of Insect 
Physiology 55: 321–327.

Desneux, N., Barta, R.J., Hoelmer, K.A., Hopper, K.R. & Heimpel, G.E. (2009b): Multifaceted deter-
minants of host specificity in an aphid parasitoid. – Oecologia 160: 387–398.

Desneux, N., Stary, P., Delebecque, C.J., Gariepy, T.D., Barta, R.J., Hoelmer, K.A. & Heimpel, G.E. 
(2009c): Cryptic Species of parasitoids attacking the soybean aphid (Hemiptera: Aphididae) in 
Asia: Binodoxys communis and Binodoxys koreanus (Hymenoptera: Braconidae: Aphidiinae). – 
Annals of the Entomological Society of America 102: 925–936.

Desneux, N., Blahnik, R., Delebecque, C.J. & Heimpel, G.E. (2012): Host phylogeny and specialisa-
tion in parasitoids. – Ecology Letters 15: 453–460.

Daza-Bustamante, P., Fuentes-Contreras, E., Rodríguez, L.C., Figueroa, C.C. & Niemeyer, H.M. 
(2003): Behavioral differences between Aphidius ervi populations from two tritrophic systems are 
due to phenotypic plasticity. – Entomologia Experimentalis et Applicata 104: 321–328.

Duarte, L., Ceballos, M. & Martínez, M.A. (2012): Aphelinus abdominalis Dalman (Hymenoptera: 
Aphelinidae): Parametros biológicos, hospedantes y cultivos asociados. – Revista de Protección 
Vegetal 27: 147–150.

Enciclop’Aphid (2016): http://www6.inra.fr/encyclopedie-pucerons, 15/11/2016.
Japoshvili, G. & Abrantes, I. (2006): Aphelinus species (Hymenoptera:Aphelinidae) from the Iberian 

Peninsula, with the description of one new species from Portugal. – Journal of Natural History 40: 
13–14, 855–862.

Gavkare, O., Kumar, S. & Japoshvili, G. (2014): Effectiveness of native parasitoids of Myzus persi-
cae in greenhouse environments in India. – Phytoparasitica 42: 141–144.

Gerling, D., Roitberg, B.D. & Mackauer, M. (1990): Instar-specific defense of the pea aphid, 
Acyrthosiphon pisum: Influence on oviposition success of the parasite Aphelinus asychis 
(Hymenoptera:Aphelinidae). – Journal of Insect Behavior 3: 501–514.

Ghimire, M.N. & Phillips, T.W. (2014): Oviposition and reproductive performance of Habrobracon 
hebetor (Hymenoptera: Braconidae) on six different Pyralid host species. – Annals of the 
Entomological Society of America 107: 809–817.

Godfray, H.J.C. (1994): Parasitoids: Behavioral and Evolutionary Ecology. – 488 pp., Princeton 
University Press.

He, X.Z., Wang, Q. & Teulon, D.A.J. (2004): Emergence, sexual maturation and oviposition of 
Aphidius ervi (Hymenoptera: Aphididae). – New Zealand Plant Protection 57: 214–220.

He, X.Z., Wang, Q. & Teulon, D.A.J. (2005): Host stage preference and reproductive fitness of 
Aphidius eadyi (Hymenoptera: Aphidiidae) on Acyrthosiphon pisum (Hemiptera : Aphididae). – 
New Zealand Journal of Agricultural Research 48: 157–163.

He, X.Z. & Wang, Q. (2006): Host age preference in Aphidius ervi (Hymenoptera: Aphidiidae). – 
New Zealand Plant Protection 59: 195–201.

He, X.Z., Wang, Q. & Teulon, D.A.J. (2011): Host age preference behavior in Aphidius ervi Haliday 
(Hymenoptera: Aphidiidae). – Journal of Insect Behavior 24: 447–445.

Heimpel, G.E., Rosenheim, J.A. & Mangel, M. (1996): Egg limitation, host quality, and dynamic 
behavior by a parasitoid in the field. – Ecology 77: 2410–2420.

Henry, L.M., Ma, B.O. & Roitberg, B.D. (2009): Size-mediated adaptive foraging: a host-selection 
strategy for insect parasitoids. – Oecologia 161: 433–445.

Hofsvang, T. & Hagvar, E.B. (1975): Duration of development and longevity in Aphidius ervi and 
Aphidius platensis (Hym: Aphididae), two parasites of Myzus persicae (Hom.: Aphididae). – 
Entomophaga 20: 11–22.

Honek, A., Jarosik, V., Lapchin, L. & Rabasse, J.M. (1998): Host choice and offspring sex allocation 
in the aphid parasitoid Aphelinus abdominalis (Hymenoptera: Aphelinidae). – Journal of 
Agricultural Entomology 15: 209–221.

Hopkinson, J.E., Zalucki, M.P. & Murray, D.A.H. (2013): Host selection and parasitism behavior of 
Lysiphlebus testaceipes: Role of plant, aphid species and instar. – Biological Control 64: 
283–290.



Host species suitability and instar preference 365

Isidoro, N., Roman, R. & Bin, F. (2001): Antennal multiporous sensilla: their gustatory features for 
host recognition in female parasitic wasps (Insecta, Hymenoptera: Platygasytroidea). – 
Microscopy Research and Technique 55: 350–358.

Kavallieratos, N.G., Athanassiou, C.G., Tomanović, Z., Papadopoulos, G.D. & Vayias, B.J. (2004): 
Seasonal abundance and effect of predators (Coleoptera: Coccinellidae) and parasitoids 
(Hymenoptera: Braconidae: Aphidiinae) on Myzus persicae (Hemiptera: Aphidoidea) densities on 
tobacco: a two-year study from Central Greece. – Biologia 59: 613–619.

Kang, E.J., Byeon, Y.W., Kim, J.H., Choi, M.Y. & Choi, Y.S. (2012): The effect of temperatures on 
the biological characteristics of two aphid parasitoids Aphelinus asychis (Walker) and Aphelinus 
varipes (Förster) (Hymenoptera: Aphelinidae) on two aphid hosts. – Korean Journal of Applied 
Entomology 51: 397–403.

Latham, D.R. & Mills, N.J. (2012): Host instar preference and functional response of Aphidius trans-
caspicus, a parasitoid of mealy aphids (Hyalopterus species). – BioControl 57: 603–610.

Legarrea, S., Velazquez, E., Aguado, P., Fereres, A., Morales, I., Rodriguez, D., Del Estal, P. & 
Viñuela, E. (2014): Effects of a photoselective greenhouse cover on the performance and host 
finding ability of Aphidius ervi in a lettuce crop. – BioControl 59: 265–278.

Lin, L.A. & Ives, A.R. (2003): The effect of parasitoid host-size preference on host population growth 
rates: an example of Aphidius colemani and Aphis glycines. – Ecological Entomology 28: 
542–550.

Lopez, O.P., Henaut, Y., Cancino, J., Lambin, M., Cruz-Lopez, L. & Rojas, J.C. (2009): Is host size 
an indicator of quality in the mass-reared parasitoid Diachasmimorpha longicaudata 
(Hymenoptera: Braconidae)?. – Florida Entomologist 92: 441–449.

Mackauer, M., Michaud, J.P. & Völkl, W. (1996): Host choice by aphid parasitoids (Hymenoptera: 
Aphidiidae): host recognition, host quality, and host value. – Canadian Entomologist 128: 
959–980.

Mackauer, M. (1996): Sexual size dimorphism in solitary parasitoid wasps: influence of host qual-
ity. – Oikos 76: 265–272.

Monje, J.C., Zebitz, C.P.W. & Ohnesorge, B. (1999): Host and Host age preference of Trichogramma 
galloi and T. pretiosum (Hymenoptera: Trichogrammatidae) reared on different hosts. – Journal 
of Economic Entomology 92: 97–103.

Perdikis, D.Ch., Lykouressis, D.P., Garantonakis, N.G. & Iatrou, S. (2004): Instar preference and para-
sitización of Aphis gossypii and Myzus persicae (Hemiptera:Aphididae) by the parasitoid Aphidius 
colemani (Hymenoptera: Aphidiidae). – European Journal of Entomology 101: 333–336.

Prinsloo, G.J. (2000): Host and host instar preference of Aphelinus sp nr varipes (Hymenoptera: 
Aphelinidae), a parasitoid of cereal aphids (Homoptera:Aphididae) in South Africa. – African 
Entomology 8: 57–61.

Rakhshani, E., Talebi, A.A., Kavallieratos, N.G. & Fathipour, Y. (2004): Host stage preference, juve-
nile mortality and functional response of Trioxys pallidus (Haliday) (Hymenoptera: Braconidae: 
Aphidiinae). – Biologia 59: 197–203.

Rakhshani, E., Tomanović, Z., Starý, P., Talebi, A.A., Kavallieratos, N.G., Zamani, A.A. & 
Stamenković, S. (2008): Distribution and diversity of wheat aphid parasitoids (Hymenoptera: 
Braconidae: Aphidiinae) in Iran. – European Journal of Entomology 105: 863–870.

Rohne, O. (2002): Effect of temperature and host stage on performance of Aphelinus varipes Förster 
(Hym., Aphelinidae) parasitizing the cotton aphid, Aphis gossypii Glover (Hom., aphididae). – 
Journal of Applied Entomology 126: 572–576.

Romano, D., Donati, E., Canale, A., Messing, R.H., Benelli, G. & Stefanini, C. (2016): Lateralized 
courtship in a parasitic wasp. – Laterality: Asymmetries of Body, Brain and Cognition 21: 
243–254.

SAGARPA (2013): Plagas de importancia económica en México: aspectos de su biología y ecología.
URL: http://biblioteca.inifap.gob.mx:8080/xmlui/bitstream/handle/123456789/4069/CIRPAC_ 
010106185000052663.pdf?sequence=1, Mexico DF/Mexico.



366 M.C. Velasco-Hernández et al.

Sengonca, C., Schimer, S. & Blaeser, P. (2008): Life table of the aphid parasitoid Aphelinus asychis 
(Walker)(Hymenoptera, Aphelinidae) parasitizing different age groups of Aphis gossypii Glover 
(Homoptera, aphididae). – Journal of Plant Diseases and Protection 3: 122–128.

Sequeira, R. & Mackauer, M. (1992): Nutritional ecology of an insect host-parasitoid association: the 
pea aphid-Aphidius ervi system. – Ecology 73: 183–189.

Sequeira, R. & Mackauer, M. (1993): The nutritional ecology of parasitoid wasp, Ephedrus califor-
nicus Baker (Hymenoptera: Aphidiidae). – The Canadian Entomologist 125: 423–430.

Sequeira, R. & Mackauer, M. (1994): Variation in selected life-history parameters of the parasitoid 
wasp, Aphidius ervi: influence of host developmental stage. – Entomologia Experimentalis et 
Applicata 71: 15–22.

Shrestha, G., Skovgard, H., Steenberg, T. & Enkegaard, A. (2015): Preference and life history traits 
of Aphelinus abdominalis (Hymenoptera: Aphelinidae) when offered different development 
stages of the lettuce aphid Nasonovia ribisnigri (Hemiptera: Aphididae) – BioControl 60: 
463–471.

Sidney, L.A., Bueno, V.H., Lins, J.C., Silva, D.B. & Sampaio, M.V. (2010): Quality of different 
aphids species as hosts for the parasitoid Aphidius ervi Haliday (Hymenoptera: Braconidae: 
Aphidiinae). – Neotropical Entomology 39: 709–713.

Silva, R.J., Cividades, F.J., Pedroso, E.C. & Sala, S.R.D. (2011): Host quality of different aphid spe-
cies for rearing Diaeretiella rapae (McIntosh) (Hymenoptera: Braconidae). – Neotropical 
Entomology 40: 477–482.

Spitzen, J. & van Huis, A. (2005): Effect of host quality of Callosobruchus maculatus (Coleoptera: 
Bruchidae) on performance of the egg parasitoid Uscana lariophaga (Hymenoptera: 
Trichogrammatidae). – Bulletin of Entomological Research 95: 341–347.

Srinivasan, R. & Alvarez, J.M. (2011): Specialized host utilization of Macrosiphum euphorbiae on a 
nonnative weed host Solanum sarrachoides, and competition with Myzus persicae. – 
Environmental Entomology 40 (2): 350–356.

Stilman, D., Van Bellinghen, C., Hance, T. & Boivin, G. (2008): Host specialization in habitat spe-
cialists and generalists. – Oecologia 156: 905–912.

Stoepler, T.M., Castillo, J., Lill, J.T. & Eleftherianos, I. (2013): Hemocyte Density Increases with 
Developmental Stage in an Immune-Challenged Forest Caterpillar. – PLOS One 8 (8): e70978, 
doi: 10.1371/journal.pone.0070978.

Tahriri, S., Talebi, A.A., Fathipour, Y. & Zamani, A.A. (2007): Host stage preference, functional 
response and mutual interference of Aphidius matricariae (Hym.: Braconidae: Aphidiinae) on 
Aphis fabae (Hom.: Aphididae). – Entomological Science 10: 323–331.

Takada, H. & Tada, E. (2000): A comparison between two strains from Japan and Europe of Aphidius 
ervi. – Entomologia Experimentalis et Applicata 97: 11–20.

Talebi, A.A., Zamani, A.A., Fathipour, Y., Baniameri, V., Kheradmand, K. & Haghani, M. (2006): 
Host stage preference by Aphidius colemani and Aphidius matricariae (Hymenoptera: Aphidiidae) 
as parasitoids of Aphis gossypii (Hemiptera: Aphididae) on greenhouse cucumber. – IOBC/WPRS 
B 29: 181–185.

Tang, Y.Q. & Yokomi, R.K. (1996): Biology of Aphelinus spiraecolae (Ahymenoptera: Aphelinidae), 
a parasitoid of the spirea aphid (Homoptera: Aphididae). – Environmental Entomology 25: 
519–523.

Tepa-Yotto, G.T., Hofsvang, T., Godonou, I. & Saethre, M.G. (2013): Host preference of Lysiphlebus 
testaceipes (Hymenoptera: Braconidae, Aphidiinae), an alien aphid parasitoid in Benin. – 
International Journal of Tropical Insect Science 33: 127–135.

Tomanović, Ž., Kavallieratos, N.G., Starý, P., Petrović-Obradović, O., Athanassiou, C.G. & 
Stanisavljević, L.Z. (2008): Cereal aphids (Hemiptera: Aphidoidea) in Serbia: seasonal dynamics, 
spatial distribution and natural enemies. – European Journal of Entomology 105: 495–501.

Tomanović, Ž., Kavallieratos, N.G., Starý, P., Stanisavljević, L.Ž., Ćetković, A., Stamenković, S., 
Jovanović, S. & Athanassiou, C.G. (2009): Regional tritrophic relationship patterns of five aphid 
parasitoid species (Hymenoptera: Braconidae: Aphidiinae) in agroecosystem-dominated land-
scapes of southeastern Europe. – Journal of Economic Entomology 102: 836–854.



Host species suitability and instar preference 367

Trotta, V., Duran, P.J., Battaglia, D. & Fanti, P. (2014): Plastic responses of some life history traits 
and cellular components of body size in Aphidius ervi as related to the age of its host Acyrthosiphon 
pisum. – Biological Journal of the Linnean Society 113: 439–454.

Van Alphen, J.J.M. & Jervis, M. (1996): Foraging behavior. – In: Jervis, M. & Kidd, N. (eds.): Insect 
natural enemies. – 1–62, Chapman & Hall.

Van Baaren, J., Boivin, G., Bourdais, D. & Roux, O. (2007): Antennal sensilla of hymenopteran para-
sitic wasps: variations linked to host exploitation behavior. – In: Mendez Vilas, A. & Diaz Alvarez, 
J. (eds.): Modern research and educational topics in microscopy. – Badajoz: Formatex, 345–352.

Van Driesche, R.G. & Bellows, T.S. (1996): Biological Control. – Kluwer Academic Pub.
Van Driesche, R., Hoddle, M. & Center, T. (2008): Control of pests and weeds by natural enemies, an 

introduction to biological control. – Blackwell publishing.
Wahab, W.A. (1985): Observations on the biology and behavior of Aphelinus abdominalis Dalm. 

(Hym., aphelinidae), a parasite of aphids. – Zeitschrift für Angewandte Entomologie 100: 
290–296.

Wang, X.G. & Liu, S.S. (2002): Effects of host age on the performance of Diadromus collaris, a 
pupal parasitoid of Plutella xylostella. – BioControl 47: 293–307.

Weisser, W.W. (1994): Age-dependent foraging behavior and host-instar preference of the aphid para-
sitoid Lysiphlebus cardui. – Entomologia Experimentalis et Applicata 70: 1–10.

Wyckhuys, K.A.G., Stone, L., Desneux, N., Hoelmer, K.A., Hopper, K.R. & Heimpel, G.E. (2008): 
Parasitism of the soybean aphid, Aphis glycines by Binodoxys communis: the role of aphid defen-
sive behavior and parasitoid reproductive performance. – Bulletin of Entomological Research 98: 
361–370.

Xiao, D., Yang, T., Desneux, N., Han, P. & Gao, X. (2015): Assessment of sublethal and transgenera-
tional effects of pirimicarb on the wheat aphids Rhopalosiphum padi and Sitobion avenae. – PLoS 
ONE 10 (6): e0128936, doi:10.1371/journal.pone.0128936.

Zar, J.H. (1998): Biostatistical Analysis. – Prentice Hall.

Manuscript received: 22 May 2017
Revision required: 22 June 2017
Revised version received: 3 July 2017
Manuscript accepted: 7 July 2017


