
INTRODUCTION

Host suitability and host quality directly affect develop-
ment, mortality, longevity and fecundity of parasitoids
(Roitberg et al., 2001). Host suitability is a characteristic
of a species or host population, which provides minimal
physiological and nutritional requirements for the imma-
ture development of the parasitoid. Host quality, on the
other hand, is an inherent characteristic of each host
determined by quantitative and qualitative differences,
which affect the nutritional resources available to the
parasitoid beyond the minimum required for development
(Mackauer et al., 1996).

Large hosts are normally a better quality and result in
the development of parasitoids with large bodies that are
at a competitive advantage compared to their smaller con-
specifics both in the laboratory (Cloutier et al., 2000;
Chau & Mackauer, 2001, Sagarra et al., 2001) and the
field (Kazmer & Luck, 1995; West et al., 1996; Ellers et
al., 2001). Quality vs. size relationships of aphid hosts for
parasitoid fitness indicate that some components are
directly related to host size while others, like reproductive
period and longevity, are not (Sequeira & Mackauer,
1992, 1994). However, this relationship has been deter-
mined using different instars of the same host, with rela-
tively few investigations comparing different host species
in terms of their size and quality for aphid parasitoids
(Mackauer et al., 1996).

The length of the hind tibia is considered to be a good
indicator of an aphid (Nicol & Mackauer, 1999; van
Emden & Kifle, 2002), or aphidiine parasitoid’s size

(Nicol & Mackauer, 1999). While, for fecundity evalua-
tion, the number of eggs in the ovarioles (egg load) at
emergence is widely used as an indicator of potential
reproductive performance and normally directly related to
parasitoid size (Chau & Mackauer, 2001; van Emden &
Kifle, 2002).

The parasitoid Aphidius colemani Viereck has a wide
range of aphid host species; it is one of the dominant spe-
cies attacking aphid species in South America (Starý et
al., 2007), and the main natural enemy used in the bio-
logical control of Aphis gossypii Glover and Myzus per-

sicae (Sulzer) in Europe (van Lenteren, 2003). The wide
host range of A. colemani allows it to be used as a model
for determining how the size of different host species
influences parasitoid fitness.

In this study the suitability and quality of five aphid
host species for the generalist parasitoid A. colemani was
evaluated, in order to determine the effect of host size and
quality on different biological characteristics of the para-
sitoid.

MATERIAL AND METHODS

Aphid rearing

The aphid species evaluated as hosts for A. colemani were A.

gossypii, B. brassicae, M. persicae, R. maidis, and S. graminum,
and were obtained from different sources: A. gossypii from a
laboratory culture reared on cucumber plants (Cucumis sativus

L.), under natural temperatures and photoperiod; B. brassicae

and M. persicae from kale (Brassica oleracea var. acephala L.)
growing in the field were placed on sections of leaf of the host
plants on 1% agar/water solution in 15 cm Petri dishes and kept
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in a climatic chamber at 25 ± 1°C and a 12 h photophase; R.

maidis and S. graminum from laboratory cultures on sorghum
(Sorghum bicolor L.) were placed on sections of leaf with one
of the ends dipped in water in 50 ml plastic cups, at 25 ± 2°C
and a 12 h photophase. The nymphs of standard age used in the
experiments, were collected after 24 h from 30 to 50 adult
females of each aphid species kept in 15 cm diameter Petri
dishes on leaf sections of the plant species on which they were
reared, on a 1% agar/water solution at 25 ± 1°C and a 12 h pho-
tophase. The adult aphids were removed after 24 h and the
nymphs exposed to parasitoids when they reached the 2nd instar
and were approximately 48 h old. The presence of exuviae indi-
cated the nymphs were in the 2nd instar. In order to avoid
including 3rd instar nymphs only similar sized 2nd instar nymphs
of each aphid species were chosen and presented to the parasi-
toid.

Rearing of A. colemani

The parasitoid was collected from mummies of Aphis spirae-

cola Patch on Citrus sinensis (L.) plants growing on the campus
of the Universidade Federal de Lavras. A. colemani was reared
on colonies of S. graminum infesting sorghum plants in a cli-
matically controlled room in which the temperature ranged
between 19–25°C and at a 12 h photophase. Pairs of parasitoids
were mated in 10 × 8 mm glass tubes and only those females
that mated were used in the experiments.

Host suitability and host quality

The suitability and quality of A. gossypii, B. brassicae, M.

persicae, R. maidis and S. graminum as hosts for A. colemani

were determined in climatic chambers at 22 ± 1°C, 70 ± 10%
RH and a 12 h photophase. The whole experiment was assem-
bled over five consecutive days, using the same A. colemani

cohort.
A 24–48 h old mated female of the parasitoid was released in

a 5 cm diameter Petri dish containing twenty 2nd instar nymphs
of each aphid species on a 4 cm foliar disc of the host plant on
which they were reared, floating on a 1% agar/water solution.
The female was removed after one hour and the aphids kept
under the same climatic conditions until mummy formation. Ten
females of the parasitoid were evaluated for each aphid species.
The aphids were transferred to other Petri dishes containing new
foliar disc five days after parasitism. After formation, mummies
were kept singly in 10 × 8 mm glass tubes until adult
emergence, when the adults were fed a single droplet of honey
and a droplet of water daily, by placing the droplets on the
inside of the tube. The experiment was checked daily to
evaluate the mummy formation, emergence and longevity of the
parasitoid.

Host and parasitoid size

Length of the hind right tibia of 2nd instar nymphs of each
aphid species was used as a measure of size of the host exposed
to the parasitoid. The tibia of aphids of the same cohort as those
exposed to the parasitoid were measured. The tibia of an aphid
was removed and placed in a drop of 70% alcohol on a micro-
scope slide, covered with a cover slip and observed under a
microscope at 100× magnification and measured with the aid of
an ocular micrometer scale. Tibia of fifteen 2nd instar nymphs of
each aphid species were measured.

Hind right tibia of fifteen females and fifteen males of the
parasitoid reared on each aphid species were also measured,
using the same method.

Egg load at emergence

Females of A. colemani reared on each aphid species were
placed in 70% alcohol 1–2 h after emergence, dissected and the

number of eggs in their ovarioles (egg load) counted and used as
an indicator of the potential fecundity of the parasitoid. Ovari-
oles were separated from the rest of the gaster under a stereo-
scopic microscope and dissected in lactophenol blue colourant,
which made the eggs more visible and easier to count (Monguí
et al., 1986). All eggs, not only the mature eggs, in both ovari-
oles were counted under an optical microscope at 100× magnifi-
cation following the method proposed by van Emden & Kifle
(2002). Ten to fifteen females of A. colemani reared from each
host species were evaluated.

Statistical analysis

The percentage parasitism is based on the number of aphid
mummies that formed. The host and parasitoid size; the number
of eggs in the ovarioles of A. colemani females; and the devel-
opmental time of the immature stage and adult longevity of
parasitoids reared on each aphid species, were also analyzed.
The percentage of parasitism, parasitoid emergence and sex
ratio (percentage of female offspring) were calculated for each
Petri dish (n = 10). Even though pairing was observed, sperm
may not have been passed to the female, resulting in only male
offspring, thus the percentage of females was presented in two
ways, one based on all the results and one for only those
females that produced at least one female offspring. This was
done because the production of daughters is the simplest way to
be sure that a female parasitoid has mated. All the results for the
parasitoids that emerged were used for the evaluation of devel-
opment time, and those for 31–50 individuals of both sexes for
determining adult longevity. A completely randomized design,
using a 2 × 4 factorial scheme (2 sexes × 4 hosts), was used to
compare the size of the males and females of A. colemani. A
similar randomized design with 4 treatments (hosts) was used to
compare the other variables. All the data was analyzed using
analysis of variance, and an F test. The means were compared
using Tuckey’s multiple range test and a 5% probability.

RESULTS

Percentage of parasitism, percentage emergence and

sex ratio of A. colemani

The percentage of parasitism of the hosts A. gossypii,
M. persicae, R. maidis and S. graminum varied from 21.2
to 93.8% and the percentage emergence from 96.1 to
100% (Table 1). Parasitism of M. persicae was lower than
those of A. gossypii, R. maidis and S. graminum. Parasi-
tized B. brassicae did not mummify and 20.5% of the
aphids contained dead 3rd instar larvae of A. colemani,
which had survived until after the stage when the parasi-
toid larva feeds on host tissues and organs and only the
host cuticle is left. When parasitizing this host all the A.

colemani larvae died and were darkly coloured, which is
a characteristic of “incomplete parasitism”.

The sex ratio (percentage of female offspring) of A.

colemani parasitizing the host species varied from 57.0 to
72.5 when all the offspring were included in the analysis,
and from 47.7 to 65.3 when only those broods that
included at least one female were used (Table 1).

Host size

The hind tibial length of the aphid hosts varied from
0.226 mm in A. gossypii to 0.400 mm in M. persicae,
with intermediate values for R. maidis and S. graminum

with intermediate values (Table 2). The tibia of B. bras-

sicae measured 0.370 mm (i.e., shorter than that of M.
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persicae and longer than that of the other aphid species).
Thus, there was a descending gradient in size among the
host aphid species: M. persicae > B. brassicae > (R.

maidis = S. graminum) > A. gossypii.

Size of female and male A. colemani

 In the case of parasitoid size there was a significant
interaction between sex and host species. Tibia size in A.

colemani females was large when reared on large hosts
(Table 2), and showed the same descending gradient in
size as the hosts M. persicae > (R. maidis = S. graminum)
> A. gossypii. In the case of males they were largest when
reared on M. persicae and R. maidis and smallest on A.

gossypii, with a descending gradient in size corre-
sponding to (M. persicae = R. maidis) > S. graminum > A.

gossypii (Table 2). Tibia of females were significantly
longer than those of males when reared on A. gossypii,
those of the males significantly longer than those of
females when reared on R. maidis; and similar in length
in both sexes when reared on M. persicae and S.

graminum (Table 2).

Egg load at emergence of A. colemani

There were significantly fewer eggs in the ovarioles of
A. colemani reared on A. gossypii (139.1) compared to
those reared on other aphid species (226.1; 213.7 and
217.2 eggs for A. colemani reared on M. persicae, R.

maidis and S. graminum, respectively) (Table 2), among
which there were no significant differences.

Development time and adult longevity of A. colemani

The development time of A. colemani varied from 11 to
15 days when reared on A. gossypii and S. graminum, and
from 12 to 14 days when reared on M. persicae and R.

maidis (Table 2). The average development time of A.

colemani (means ± standard error) was 12.5 ± 0.09, 12.2
± 0.10, 12.1 ± 0.03 and 12.6 ± 0.08 days for females and
12.4 ± 0.12, 12.1 ± 0.09, 12.1 ± 0.04 and 12.4 ± 0.08
days for males when reared on A. gossypii, M. persicae,
R. maidis and S. graminum, respectively.

The maximum longevity of A. colemani was 14, 12, 17
and 17 days for females and 19, 18, 19 and 18 days for
males when reared on A. gossypii, M. persicae, R. maidis

and S. graminum, respectively (Fig. 1). The adults started
to die before the 10th day in the case of females and after
the 13th day in males. This indicates that males of A. cole-

mani have a greater longevity than females when reared
on all four aphid species (Fig. 1). The average adult lon-
gevity of A. colemani (means ± standard error) was 10.8
± 0.53, 10.3 ± 0.56, 12.6 ± 0.72 and 12.8 ± 0.72 days for
females and 13.3 ± 0.49, 14.3 ± 0.41, 15.3 ± 0.35 and
14.5 ± 0.34 days for males when reared on A. gossypii, M.

persicae, R. maidis and S. graminum, respectively.

DISCUSSION

Of the five aphid species evaluated as hosts for A. cole-

mani (A. gossypii, B. brassicae, M. persicae, R. maidis

and S. graminum) only B. brassicae was unsuitable. On
this host, A. colemani failed to complete its development.
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* Failed to complete development, not included in the statistical analysis. ¹ Only replicates in which there was at least one female
offspring were used. ² All replicates.

55.9 (9)62.9 (8)96.1 (9)77.8 (10)S. graminum

65.3 (10)72.5 (9)100 (10)93.8 (10)R. maidis

47.7 (10)59.6 (8)100 (10)21.2 (10)M. persicae

–––20.5 * (10)B. brassicae

57.0 (9)57.0 (9)97.8 (9)78.5 (10)A. gossypii

% Females²% Females¹% Emergence% Parasitism

A. colemani (n)
Host

TABLE 1. Percentage parasitism, parasitoid emergence and sexual ratio (percentage of female offspring) of Aphidius colemani

reared on different hosts at 22 ± 1°C, 70 ± 10% RH and a 12 h photophase.

* Means followed by the same capital letter in columns and small letters in rows are not statistically significant, Tukey’s multiple
range test at 5%.

12–14 (54)12–15 (72)217.2 ± 16.2 A (15)0.569 ± 0.006 Ba0.580 ± 0.008 Ba0.284 ± 0.010 CS. graminum

12–13 (63)12–14 (114)213.7 ± 15.0 A (15)0.623 ± 0.006 Aa0.590 ± 0.007 Bb0.294 ± 0.004 CR. maidis

12–14 (25)12–13 (17)226.1 ± 9.0 A (10)0.635 ± 0.008 Aa0.648 ± 0.006 Aa0.400 ± 0.006 AM. persicae

–––––0.370 ± 0.003 BB. brassicae

11–15 (55)12–15 (78)139.1 ± 12.4 B (15)0.516 ± 0.008 Cb0.537 ± 0.007 Ca0.226 ± 0.008 DA. gossypii

MaleFemale
Males

(n = 15)
Females
(n = 15)

Parasitoids
Aphids
(n = 15)

Development time (n)
Number of eggs/female

parasitoid (n)

Length of tibia (mm)

Hosts

TABLE 2. Length of tibia of host aphids and male and female of Aphidius colemani, number of eggs in the ovarioles of parasitoid
females at emergence, and immature development times (range of days) when reared on different hosts at 22 ± 1°C, 70 ± 10% RH
and a 12 h photophase.



According to Starý (1989), this phenomenon is quite
common in aphidiine parasitoids and can vary between
host populations. Our results differ from those of Elliott
et al. (1994), who observed that 25% of the larvae of A.

colemani in B. brassicae reached the mummy stage and
5% reached the adult stage, indicating a low host quality.
Although there are some reports of A. colemani parasi-
tizing B. brassicae in the field, it is always at a low level
(Vaz et al., 2004; Starý et al., 2007), which also indicates
that B. brassicae is not a good host for A. colemani.

The levels of parasitism by A. colemani recorded in this
study are similar to those found by van Steenis (1993)

and Sampaio et al. (2001), who report higher percentages
of parasitism of A. gossypii than M. persicae, which dif-
fers from the percentages reported by Elliott et al. (1994),
with higher percentages of parasitism of S. graminum

than of A. gossypii and R. maidis. In our study A. cole-

mani showed promising percentages parasitism and emer-
gence for the biological control of A. gossypii, M.

persicae, R. maidis and S. graminum.
The successful development of the immature stage of

parasitoids depends upon the host’s suitability and
quality. In good quality hosts the accumulation of
reserves occurs throughout the parasitoid’s larval devel-
opment, influencing adult biological characteristics, like
longevity and fecundity (Boggs, 1981). Host quality is in
general associated with host size, with larger hosts having
more resources, resulting in a greater parasitoid fitness
(Nicol & Mackauer, 1999; Chau & Mackauer, 2001).

Our results show that A. colemani parasitoids reared on
large hosts are also large and have a greater reproductive
potential. Comparison of the parasitoids reared on A.

gossypii, the smallest, with M. persicae, the largest host,
revealed significant differences in both parasitoid fitness
variables. In this case, parasitoids reared on M. persicae

were larger and had more eggs in the ovarioles.
Hind tibial length is not the most accurate method of

estimating aphid mass. In species differing in body shape
and size (i.e., volume), hind tibial length gives an
approximate measure of mass (Nicol & Mackauer, 1999).
We used hind tibial length because it is easy to measure,
however, it may have biased the results due to differences
in body size and shape among the aphid hosts. However,
our results for A. colemani are similar to those of Ode et
al. (2005) who weighed A. colemani reared on different
host species. These authors used M. persicae, R. padi, S.

graminum and A. gossypii as hosts for A. colemani and
found that the female’s weight increased with increase in
weight of the host species.

In addition to host size the interaction of the host with
parasitoid larvae determines host quality, i.e. parasitoid
reproductive period and longevity are not related to host
size but to the capacity of parasitoid larva to use the
resources available in different stages of the same host
aphid species (Sequeira & Mackauer, 1992, 1994). There
is a clear lack of a linear relationship between host size
and parasitoid fitness when reared on different host stages
of the same host aphid and even more so when reared on
host species differing in size. The importance of resource
availability for parasitoid larvae can be observed in A.

colemani reared on M. persicae and S. graminum which
differ in size. The parasitoids reared on the larger of these
two species, M. persicae, were larger than those reared on
S. graminum. However, the parasitoids reared on both
these host species had the same number of eggs in their
ovarioles. This indicates that not only size but also the
ability of the parasitoid larva to obtain resources from the
different host species is an important determinant of the
potential fecundity in A. colemani.

Aphidiine females are normally larger than males but
both sexes have the same development time when reared
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Fig. 1. Adult longevity of Aphidius colemani reared on dif-
ferent hosts at 22 ± 1°C, 70 ± 10% RH and a 12 h photophase.



on hosts of the same size (Sequeira & Mackauer, 1993;
Mackauer, 1996). Thus female grow faster and accumu-
late more resources per unit time than males. However,
the size difference between males and females is greater
in small hosts and decreases with increase in host size
(Sequeira & Mackauer, 1993; Mackauer, 1996). The
same was found in this study. The females of A. colemani

were bigger than the males when reared on the smallest
host, A. gossypii, but both sexes were the same size when
reared on the larger hosts, M. persicae and S. graminum.

The relative size of the males of A. colemani reared on
R. maidis differs from that expected. Second instar
nymphs of R. maidis are smaller than those of M. per-

sicae and the same size as those of S. graminum. Males of
A. colemani reared on R. maidis were the same size as
those reared on M. persicae and bigger than those reared
on S. graminum. They were also bigger than females,
when reared on R. maidis. It is unusual in Hymenoptera
parasitoids for males to be larger than females (Mackauer,
1996), so the larger size of males of A. colemani when
reared on R. maidis results probably from individual
variation.

A. colemani reared on a good quality host, M. persicae,
produced fewer descendents (21.2% parasitism), than
those reared on a poor quality host, A. gossypii (78.5%
parasitism). These results are similar to those obtained by
Sampaio et al. (2001), who report that A. colemani prefers
to oviposit in A. gossypii over M. persicae. The better
quality host should be the preferred by a parasitoid (God-
fray, 1994), but, according to Chau & Mackauer (2001)
and Henry et al. (2005), host quality is not a good pre-
dictor of host preference as hosts of good quality are not
always the preferred hosts of parasitoids. Ode et al.
(2005) found an association between A. colemani host
preference and the survival of its immature stages; how-
ever, larval mortality of this parasitoid was not evaluated
in our study, only parasitoid emergence was recorded,
which indicates parasitoid pupal mortality. Additional
studies on the relationship between mortality of larval
stages and host preference in A. colemani and other spe-
cies of aphidiine may help resolve the evolutionary
aspects of host preference.

Thus, for A. colemani, the host quality of the aphids
studied in decreasing order was (M. persicae = R. maidis)
> S. graminum > A. gossypii. Host size and the ability of
parasitoid larva to obtain nutritional resources from a par-
ticular host species determined the quality of the host for
the parasitoid. Large hosts are better hosts than small
ones in terms of A. colemani size. However, the ability of
A. colemani larvae to obtain nutritional resources from
their hosts was important for the fecundity of the parasi-
toid.
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