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The cost of ant attendance and melezitose secretion
in the black bean aphid Aphis fabae
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Abstract. 1. The aphid Aphis fabae (Scopoli) is facultatively tended by Lasius niger
(Linnaeus) ants. Previously, we found that A. fabae colonies can be made up of several
clones, and that clones display significant differences in the composition of their
honeydew sugars, especially in the amount of the ant attractant sugar melezitose that
they produce.

2. These clonal differences could greatly impact the strength of the mutualistic
interaction with ants as well as the aphids’ fitness.

3. Hence, the aim of this study was to compare the fitness of different A. fabae clones
that differed in their melezitose secretion, and whether or not they were tended by ants.

4. Individual fitness indices, colony growth, and alate production of single-clone aphid
colonies were analysed.

5. The results demonstrate that the fitness consequences of ant attendance critically
depend on an interaction between levels of melezitose production. In particular, we show
that high-melezitose secreting clones produce fewer alates and hence might have a lower
dispersal ability in the presence of ants.

6. Furthermore, these data confirm previous evidence that ant attendance is costly and
results in the production of fewer apterae.

Key words. Ant–aphid mutualism, colonisation, competition, dispersal, fitness, Lasius
niger.

Introduction

Mutualism is defined as an inter-specific interaction from which
both species obtain benefits (Bronstein, 1994). A common
example of a mutualism is that between ants and aphids, in
which the aphids offer a sugary-rich honeydew excretion to ants
for food, and the ants provide protection and shelter for the
aphids in return (Way, 1963; Hölldobler & Wilson, 1990). The
net result is that the ants increase the aphids’ colony survival
(Bristow, 1984; Stadler & Dixon, 1999; Yao et al., 2000), den-
sities (Stadler & Dixon, 1999; Stutz & Entling, 2011), and indi-
vidual fitness indices (Flatt & Weisser, 2000). Nonetheless, this
interaction is not always a clear-cut mutualism as ant attendance
has occasionally also been shown to have significant fitness
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costs, for example in Aphis fabae cirsiiacanthoidis (Scopoli)
(Stadler & Dixon, 1998) and in Tuberculatus quercicola (Mat-
sumura) (Yao et al., 2000).

As honeydew is partly a waste product, it was originally
thought not to be costly to produce. Nevertheless, it has been
found that aphids sometimes facultatively change the compo-
sition and amount of the honeydew secreted in response to ant
attendance (Fischer & Shingleton, 2001; Yao & Akimoto, 2001;
Yao & Akimoto, 2002). This suggests that the production of
some of the honeydew compounds is energetically expensive.
For example, in Chaitophorus populeti (Panzer) and C. pop-
ulialbae (Boyer de Fonscolombe), the production of the ant
attractant sugar melezitose is reduced in the absence of ants
(Fischer & Shingleton, 2001). It has been suggested that there
are physiological costs associated with ant attendance caused
by an increased feeding and excretion rate, the conversion of
simpler sugars to more complex ant-attractant sugars (Stadler &
Dixon, 1998; Yao et al., 2000; Yao & Akimoto, 2001; Stadler
& Dixon, 2005) and a lower assimilation rate (Yao & Akimoto,

© 2015 The Royal Entomological Society 1



2 Amélie Vantaux et al.

2002). However, in the case of A. fabae, we did not observe any
changes in either honeydew composition or amount when ant
tended (Vantaux et al., 2011b).

Uncovering the costs of ant attendance has led to the compari-
son of various species with different degrees of myrmecophily to
disentangle the factors that affect the ant–aphid interaction. Four
aphid species feeding on tansy (Tanacetum vulgare, Linnaeus)
with various degrees of ant attendance showed a decrease of their
potential growth rate as the degree of ant attendance increased
(Stadler et al., 2002). They also displayed colony growth and
colony life span differences related to plant quality and atten-
dance status (Stadler, 2004). This suggests that the interplay
of many different factors affects the outcome of the ant–aphid
interaction. Laboratory experiments have shown that the facul-
tative mutualist A. f. cirsiiacanthoidis had a lower fitness when
it was tended by Lasius niger ants (Stadler & Dixon, 1999).
However, despite a reduced natural rate of increase when they
were ant tended, there was a net positive effect of ant attendance
on aphid colony survival and colony size under field conditions,
presumably as a result of a better protection against natural ene-
mies (Stadler & Dixon, 1999). Nevertheless, A. fabae was also
found to suffer higher parasitism from hymenopteran parasitoids
and to produce less winged migrants in ant-tended field colonies
(Tegelaar et al., 2012).

The studies above on the costs and benefits of honeydew
and melezitose production as well as of ant attendance clearly
paint a complex picture that relies on many different interacting
factors. In order to disentangle some of these factors, we here
report a study on the costs of melezitose secretion and ant
attendance in the black bean aphid Aphis fabae. This relies on
our recent discovery that different A. fabae clones display up
to ca. 100-fold differences in the amount of melezitose that they
produce in their honeydew (Vantaux et al., 2011b). Furthermore,
given that melezitose is one of the key ant-attractant honeydew
sugars (Duckett, 1974; Kiss, 1981; Völkl et al., 1999; Woodring
et al., 2004; Fischer et al., 2005; Detrain et al., 2010), we
hypothesised that these clonal differences could impact the
strength of the mutualistic interaction with ants. Consequently,
we compared the fitness of A. fabae clones that differed in
melezitose secretion, both in the situation when they were ant
tended and when they were not. Our study involves analysing
individual fitness indices, colony growth, and alate production
in high- and low-melezitose secreting clones colonies. All
experiments were carried out in the laboratory and the absence
of natural predators, meaning that the benefits of ant attendance
could not be investigated. Nevertheless, extensive data on this
can be found in other studies (Stadler & Dixon, 1999; Verheggen
et al., 2009).

Materials and methods

Study organisms

Aphis fabae is a common polyphagous aphid, recorded on a
wide range of plant species (Stroyan, 1984). It has a complex life
cycle involving the alternation to secondary host plants in spring
and summer, with apomictic parthenogenetic reproduction on
broad bean (Vicia faba, Linnaeus, Fabaceae) and various other

herbaceous plants (Dixon, 1977). The number of primary hosts
is smaller, and primarily includes Euonymus europaeus (Lin-
naeus) and to a lesser extent Viburnum opulus (Linnaeus) and
Philadelphus coronarius (Linnaeus), on which sexual reproduc-
tion and hibernation during the egg stage occur. In the present
study, the broad bean (Vicia faba), was used to compare aphid fit-
ness indices as this is a common secondary host for this species.
Vicia faba seeds were provided by Somers Seeds NV, Mechelen,
Belgium.

Lasius niger, the common garden ant, tends various aphid
species, including A. fabae. Colonies were started from queens
collected immediately after the nuptial flight or were ordered
from Antstore (Berlin, Germany). All colonies contained a
queen, workers, and brood to make sure that they had a
constant need of proteins and sugars. They were young colonies
containing between 50 and 100 workers. The colonies were kept
in test tubes in plastic boxes, the sides of which were covered
with Fluon GP-1® to prevent the ants from escaping. The ants
were fed ad libitum with a honey solution and mealworms
(Tenebrio molitor Linnaeus) three times a week, and the honey
solution was replaced by water only during experimentations.

Aphids, ants, and bean plants were all reared under an LD 16:8
cycle at 20± 1 ∘C, and experiments were carried out in the same
conditions. To prevent ants digging into the soil, all plants in
ant-tended setups were wrapped in cling film.

Collection and maintenance of high- and low-melezitose
secreting Aphis fabae clones

Eight distinct A. fabae clones were used in this study of which
two were collected from bean plants (Vicia faba) in the surround-
ings of Leuven (Belgium), two came from the Agrocampus in
Rennes (France), one was provided by the Rothamsted Research
Institute (Hertfordshire, U.K.), one by Porto University (Por-
tugal), and two by the Insitute of Zoology of Zürich Univer-
sity (Switzerland). Of all eight clones, we maintained partheno-
genetic lineages in the laboratory. To make sure that all these
were genetically distinct clones, they were first genotyped at
seven microsatellite loci (as described in Vantaux et al., 2011a).
Furthermore, we established using HPLC analysis that four of
these clones were high-melezitose secreting, whereas four of
them were low-melezitose secreting, and with both differing ca.
100-fold in their average melezitose secretion (Vantaux et al.,
2011b). Across 10 clones derived from the same population in
Belgium, 50% were high-melezitose secreting and 50% were
low-melezitose secreting, which means that both types co-occur
within the same population (Vantaux et al., 2011b).

Effects of ant attendance and melezitose secretion on the fitness
of single-clone colonies

In a first experiment, we tested the effect of ant attendance and
melezitose secretion on colony growth and alate production by
measuring these fitness parameters for high- and low-melezitose
secreting clones in the presence or absence of ants. Eight
different clones were tested. For each replicate, four plants were
infested with five apterous adults each. However, we left them
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undisturbed as half of them were ant-tended, and 3–5 apterous
adult aphids per plant actually settled. The number of individuals
at the start of the experiment was accounted for in the statistical
analyses. For each replicate, two plants were left untended and
two plants were allowed to be ant tended. Five different ant
colonies were used for this experiment, which were randomly
assigned to each replicate. The aphid colonies were left to grow
for 6 days. The ants were not provided with mealworms or sugar
during the experiment. On the seventh day, the total number
of aphid individuals produced as well as the number of alates
or future alates recognisable by the wing buds was counted.
The experiments were carried out sequentially with ant colonies
randomised each time. This was repeated six times for each
clone and thus we analysed 48 replicates using 192 plants in
total.

To determine the statistical significance of ant attendance
on the fitness of single-clone colonies, the absolute number
of alates and apterae were compared using generalised linear
mixed models (GLMM) with a quasi-Poisson error structure
to account for overdispersion and Penalised Quasi-Likelihood
estimations (Finch et al., 2014). The models included the inter-
action between melezitose production and ant-attendance, and
the number of individuals at the start of the experiment as fixed
factors or covariates, and clone and replicate as random factors.

Effects of ant attendance and melezitose secretion on the fitness
of individual aphids

In a second experiment, we measured the effect of ant
attendance and melezitose secretion on the fitness of aphids
kept individually on plants, using two different fitness indices:
the mean relative growth rate (MRGR) and the intrinsic rate of
increase (rm) (Leather & Dixon, 1984; Kindlmann et al., 1992).
Four conditions were compared: high versus low melezitose
secreting clones, which were either ant-tended or not. Apterae
of each A. fabae clone were placed individually on separate
bean plants. Half of the plants were used to test ant attendance.
Measurements on each clone were replicated six to 12 times.
Overall, 60–65 replicates per condition were analysed. Different
sets of ant colonies were used for all the ant-tended treatments
and a total of 125 plants were used. To measure the fitness
indices, three adult apterae of A. fabae were placed on a bean
plant and left to produce offspring for 24 h, after which the
adults were removed. The offspring were reared together until
they became an adult. Next, we isolated the adults by removing
all individuals except the focal adult. Each individual was
monitored daily and their development period (time from birth
to beginning of first reproduction), relative fecundity (number of
offsprings produced per day), and birth weight and adult weight
were measured. One to three first stage nymphs and adults per
plant were collected and killed by putting them at −20 ∘C for
20 min. Subsequently, they were dried by placing them in an
oven for 48 h at 37 ∘C and kept in a box with calcium chloride
before weighing. After removal of the adults of A. fabae, L. niger
workers were given access to half of the aphid infested plants to
test the effect of ant attendance on the fitness of lone individuals
of each aphid clone. In order to minimise ant predation on

aphids that could affect fitness measurements, we provided
mealworms to the ants three times a week. Subsequently, the
MRGR was calculated from the larval and adult weights as
MRGR= (ln w2 (mg)− ln w1 (mg))/(t2− t1), where w1 and
w2 were the averaged dry masses of the nymphs and the
adults, respectively, and (t2− t1) was the development time
from birth to beginning of first reproduction (Fisher, 1921). The
intrinsic rate of natural increase was calculated using the formula
rm = 0.74× (ln fd/d), in which fd is the number of nymphs
produced over a time d, which is equal to the pre-reproductive
time and in which 0.74 is a constant calculated by Wyatt & White
(1977).

The MRGR and rm were compared using a linear mixed
model (LMM) with a normal error structure and paramet-
ric bootstrapping with 1000 iterations was used for estima-
tions. Melezitose production and ant attendance were coded as
fixed factors and clone and replicate were included as random
factors.

Statistcal analysis

GLMMs and LMMs were fit using function glmmPQL in
package MASS (v. 7.3–29) for the quasi-Poisson models with
overdispersion and using function lmer and glmer in lme4
(v. 1.0–5) for the regular LMMs and GLMMs within R (v.
3.0.2) (Venables & Ripley, 2002; Bates et al., 2012; Halekoh &
Højsgaard, 2013; Kuznetsova et al., 2012; R Development Core
Team, 2012; Singmann et al., 2014). Statistical significance
was assessed using Wald’s test using package lme4 for the
GLMMs and using parametric bootstrapping using function
mixed in package afex (v. 0.7–84) for the LMMs, as well as
using function glht in package multcomp (v. 1.3–1) to carry
out Shaffer’s post hoc tests. To produce effect plots, least-square
means were calculated using package lsmeans (v. 2.10). Unless
specified otherwise all least-square means are reported as the
mean± SE.

Results

Effects of ant attendance and melezitose secretion on the fitness
of single-clone colonies

The effects of ant attendance and melezitose secretion
showed a significant interaction effect on alate production
(quasi-Poisson GLMM, Wald’s t-test, d.f.= 46, t=−2.31,
P= 0.03; Fig. 1). In particular, high-melezitose secreting
clones produced significantly fewer alates when ant tended
compared to the untended condition (Shaffer post-hoc test,
z=−3.256, P= 0.001) and compared to either the ant tended
and untended condition of the low-melezitose secreting clones
(Shaffer post-hoc tests, z= 2.872, P= 0.004 and z=−3.115,
P= 0.002 respectively). Ant-tended colonies produced sig-
nificantly fewer alates (11.16± 1.17) than untended ones
(16.27± 1.16; quasi-Poisson GLMM, Wald’s t-test, d.f.= 46,
t= 2.86, P= 0.006). Likewise, high-melezitose secreting
clones produced fewer alates (10.15± 1.22) compared to
low-melezitose secreting clones (17.88± 1.2; quasi-Poisson
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Fig. 1. The mean number of alates produced over a 6-dayperiod for
ant tended and untended colonies of Aphis fabae for the two types of
melezitose secretion, based on the fitted generalised linear mixed models
(GLMM) (± quasi-Poisson SE) (melezitose production× ant attendance
interaction: t=−2.31, P= 0.03). High-melezitose= high-melezitose
secreting clones. Low-melezitose= low-melezitose secreting clones.

GLMM, Wald’s t-test, d.f.= 34, t= 2.11, P= 0.04). The
number of individuals at the start of the experiment did not
significantly affect the number of alates at the end of the
experiment (quasi-Poisson GLMM, Wald’s t-test, d.f.= 46,
t= 0.28, P= 0.78). In addition, ant-tended colonies produced
significantly fewer apterae (311.04± 1.05) than untended ones
(361.78± 1.05; quasi-Poisson GLMM, Wald’s t-test, d.f.= 46,
t= 4.06, P= 0.0002; Fig. 2). There was a significantly positive
correlation between the number of individuals at the start of the
experiment and the number of apterae produced (quasi-Poisson
GLMM, Wald’s t-test, d.f.= 46, t= 5.05, P< 0.0001). Melez-
itose secretion or the interaction between melezitose secretion
and ant attendance, however, had no significant effects on the
average number of apterae produced (quasi-Poisson GLMMs,
Wald’s t-test, d.f.= 34, t=−0.11, P= 0.91 and d.f.= 46,
t= 0.69, P= 0.5, respectively).

Effects of ant attendance and melezitose secretion on the fitness
of individual aphids

The average MRGR measured from individual aphids was
0.40 (±0.007) over all clones and treatments. Ant-tended indi-
viduals had a significantly lower MRGR (0.39, 95% confi-
dence interval (CI)= 0.35–0.42) compared to untended ones
(0.41, CI= 0.37–0.45; LMM, bootstrapping test with 1000
bootstrap replicates, P= 0.03; Fig. 3). Neither melezitose secre-
tion nor the interaction between the two had a significant effect

Fig. 2. The mean number of apterae produced over a 6-dayperiod for
ant tended and untended colonies of Aphis fabae for the two types of
melezitose secretion, based on the fitted generalised linear mixed models
(GLMM) (± quasi-Poisson SE) (melezitose production× ant attendance
interaction: t= 0.69, P= 0.5, ant attendance: t= 4.06 , P= 0.0002).

on the MRGR (LMM, bootstrapping test with 1000 bootstrap
replicates, P= 0.1 and P= 0.73 respectively). The average
intrinsic rate of natural increase rm measured from individual
aphids was 0.41 (±0.006) over all clones and treatments and
showed no statistical difference as a function of ant attendance,
melezitose secretion or the interaction between the two (LMM,
bootstrapping test with 1000 bootstrap replicates, P= 0.74,
P= 0.65, and P= 0.37, respectively).

Discussion

Our experiments showed that high-melezitose secreting clones
of the black bean aphid A. fabae produced fewer alates and
hence might have lower dispersal ability in the presence of ants.
Previously, ants have been shown to influence aphid colonies
either by inhibiting or delaying alate production (El-Ziady &
Kennedy, 1956; Kleinjan & Mittler, 1975; Tilles & Wood, 1982;
Kindlmann et al., 2007; Yao, 2010), possibly by reducing or
delaying flight apparatus development (Yao, 2012). Hence, the
alate production of aphids secreting more of the ant-attractant
sugar melezitose might be inhibited more strongly by ants.
Nevertheless, dispersal capacity is also linked to the ability to
survive away from the host plant (Hazell et al., 2005) as well as
the success rate of colonisation that we did not measure. Hence,
we cannot exclude the possibility that high-melezitose secreting
clones could still achieve a high dispersal capacity through the
production of fewer but perhaps higher quality alates attracting
more ants.
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Fig. 3. Mean relative growth rate (MRGR) for ant-tended and untended
colonies of Aphis fabae, based on the fitted linear mixed models (LMM)
(1000 bootstrap replicates, P= 0.03).

Another result of our experiments is that ant attendance low-
ered the MRGR but had no effect on the intrinsic rate of natural
increase rm of A. fabae (which might be partly as a result of
the relatively small size of the ant colonies used). When mea-
suring the fitness of whole aphid colonies, there was a decrease
in the colony size of ant-tended aphids. This means that there
was a small cost of ant attendance, in line with what was found
by Stadler and Dixon (1998), either due to the reduced growth
rate, but possibly also due to ant predation. In the field, how-
ever, it is likely that this small cost would be offset by the
increased protection provided by the ants against natural ene-
mies. Indeed, in field studies, ant-tended aphid colonies are usu-
ally found to be significantly larger than untended ones (Stadler
& Dixon, 1999; Stutz & Entling, 2011). In contrast, if nat-
ural enemies happen to be rare, then it might be better for
aphids to be untended. Indeed, in Europe only about a third
of all aphid species are obligate mutualists, a third are facul-
tative mutualists, and another third are not ant tended (Stadler,
1997).

Overall, we hypothesised that the large clonal variation in
the melezitose content of honeydew that we documented in A.
fabae might be explained by a competition-colonisation tradeoff
(Chesson, 2000; Cadotte, 2007), whereby, in the presence
of ants, the high-melezitose secreting clones grow faster in
mixed colonies (see Document S1) and tend to be better at
exploiting the host plant, whereas the low-melezitose secreting
clones grow more slowly but are better at colonising new
host plants.

Of course, several questions remain. One is whether
ants favour visiting high-melezitose secreting clones over
low-secreting ones in the same way that ants have been shown

to prefer species producing higher quality honeydew (Cushman
& Addicott, 1989; Völkl et al., 1999; Fischer et al., 2001;
Woodring et al., 2004). If such discrimination existed, then
this would partially select against the low-melezitose secret-
ing clones. However, experiments using small laboratory ant
colonies suggest that no such preference is observed (Vantaux
et al., 2012). Nevertheless, further experiments using larger
ant colonies in the field would still be desirable. Finally, it
would also be interesting to evaluate the fitness of the different
clones with different dispersal capacities in a fully natural
environment, given that the accurate prediction of fitness in
complex metapopulation settings is by no means trivial (Metz
& Gyllenberg, 2001).
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