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Abstract. Ant-aphid mutualism is considered to be a beneficial association for the individuals concerned. The population and 
fitness of aphids affected by ant attendance and the outcome of this relationship affects the host plant of the aphid . The main 
hypothesis of the current study is that ant tending decreases aphid developmental time and/or increases reproduction per capita, 
which seriously reduces host plant fitness. The effect of attendance by the ant Tapinoma erraticum (Latreille, 1798) (Hymenoptera: 
Formicidae) on population growth and duration of different developmental stages of Aphis gossypiiGlover (Hemiptera: Aphididae) 
were determined along with the consequences for the fitness of the host plant of the aphid, Vicia faba L., in greenhouse conditions. 
The initial aphid density was manipulated in order to study aphid performance due to density-dependent changes in ant attend
ance . The population growth rate of ant attended aphids was more than that of unattended aphids. However, the ratio of 1 •L2nd 

nymphs to adults in aphid populations attended by ants was lower. The yields of bean plants on which the aphids were attended 
by ants were significantly greater than those of unattended plants. This study indicates that ants not only increase aphid fitness in 
terms of their population growth rate, but also benefit the host plant. 

INTRODUCTION 

Mutualism is a reciprocal relationship. in which all par
ticipants benefit from the interaction (i.e., the profits ex
ceed the costs) (Fischer et al. , 2002; Yoo & Holway, 2011; 
Yao, 2014). The cost to benefit ratio in mutualism changes 
with the intrinsic features of both pa1tners ( e.g. the initial 
number of partners at the commencement of a relationship) · 
and biotic/abiotic environmental factors (Stadler & Dixon, 
1998; Styrsky & Eubanks, 2010; Yoo & Holway, 2011; 
Barton & Ives, 2014; Singh et al., 2016). Thus, mutualism 
has a context-dependent aspect, that is, the net benefits for 
a given species depend on ecological conditions (Zhang et 
al., 2015). 

The ant-aphid interaction is a common mutualism in 
which ants provide aphids several beneficial services, such 
as protection by removing the aphid's natural enemies 
(Bronstein & Barbosa, 2002; Stadler & Dixon, 2005) and 
reduce the incidence of disease by removing aphid waste 
products (i.e., honeydew) (Way, 1954; Yao et al., 2000) in 
return for aphid honeydew. Consequently, ant attendance 
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can result in an increase in the abundance of the aphid and/ 
or in its per capita fitness (El-Ziady .& Kennedy, 1956; 
Bristow, 1984; Flatt & Weisser, 2000; Cooper et al., 2007; 
Yoo & Holway, 2011) . Increases in the abundance and 
survivorship of aphids due to ant tending are rep01ted by 
many authors ( e.g. Flatt & Weisser, 2000; Renault et al., 
2005 ; Tokunaga & Suzuki, 2008). 

From a general perspective on the nature of condition de
pendency in mutualism, ant attendance not only has posi
tive effects ( e.g. Breton & Addicott, 1992; Morales, 2000), 
but also negative effects on the per capita fitness of aphids. 
Indeed, a reduction in body size and number of embryos in 
aphids (Stadler & Dixon, 1998; Yao, 2014) and predation 
upon aphids by ants (Pontin, 1958; Billick et al., 2007) are 
reported costs associated with ant attendance. Given that 
ant attendance can also influence the developmental time 
of aphid nymphs (Stadler & Dixon, 1998; Yao et al., 2000), 
examining its effect on aphids in each developmental stage 
can provide a critical insight into understanding the fitness 
outcome and population dynamics of aphids (Cushman 
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et al., 1994). Although there is a substantial body of lit
erature on the developmental time of aphids in life tables 
for ant attended and unattended aphids (Stadler & Dixon, 
1998; Flatt & Weisser, 2000; Yoo & Holway, 2011), little is 
known about how ant attendance changes the age-structure 
of aphid populations. The primary objective of the present 
study is to determine how the population growth of the 
aphid, Aphis gossypii Scopoli, is affected by the attend
ance of the ant, Tapinoma erraticum (Latreille, 1798) and 
how this is linked to changes in the age structure of the 
aphid population. 

Since ant attendance might influence the developmen
tal time of individual aphids and even the population dy
namics of aphids, it is necessary to detennine how ant at
tendance changes during the course of aphid population 
growth. Therefore, the present study's second objective is 
to determine how the level of ant attendance is affected by 
the size of an aphid colony. 

As ant attendance may result in an increase in aphid pop
ulation size and aphid nymphs and adults ingest very large 
amounts of phloem sap, which can result in severe carbon 
and/or drought stress in the host plant (van Emden & Har
rington, 2007), the outcome of an ant aphid interaction can 
subsequently affect the growth or biomass of the aphid's 
host plant. Hence, the third objective of this study is to 
address whether ant attendance affects the growth (in this 
case, the above-ground plant biomass) of the host plant, 
Viciafaba L. of the aphid by its effect on aphid colony size. 

MATERIALS AND METHODS 

Plant, aphid and ant 

Viciafaba L. (Fabaceae, cv. Barkat) was used as the host plant 
of the aphid, A. gossypii, in this study. Vicia faba has extraflo
ral nectaries at the base of each leaf (EFNs), which are known 
to be attractive to ants (Katayama et al., 2014). The plants were 
individually grown from seed in 7-L polyethylene pots (23 cm 
in diameter x 17 cm in height) filled with a mixture of sand and 
clay (2 : 1 ). The pots were enclosed in transparent cylindrical fine
mesh cages (50 cm height x 30 cm diameter) and kept in a re
search greenhouse at the College of Agriculture ofFerdowsi Uni
versity of Mashhad, Mashhad, in northeastern Iran. An average 
temperature and relative humidity (RH) were programmed at 26 
± 1 °C (mean± SD) and 65 ± 5% RH. The pots were watered daily 
with tap water for two weeks. After two weeks, the seedlings used 
in the assays described below were up to 20 cm in height and 
had 8-10 extrafloral nectaries (EFNs). In a preliminary survey of 
a bean field located at the Agricultural Research Station of Fer
dowsi University of Mashhad, Iran (36°15'N, 59°28'E), when the 
plants had 4 to 6 leaves, the number of Aphis gossypii Glover 
(Hemiptera: Aphididae) in the early colonies forming on V. faba, 
was approximately 12 individuals in various stages of develop
ment. Therefore, based on this the average (12 individuals) initial 
number of aphids, and one upper (24 individuals) and one lower 
level (3 individuals) aphid number were chosen as the experimen
tal treatments. In order to achieve a stable age distribution and 
exponential population growth from the commencement of the 
experiment (Vehrs et al., 1992; Hosseini et al., 2010), aphids of 
various ages (first or second instar + third or fourth instar + adult) 
were transferred. 

A colony of cotton aphids, A. gossypii, originally obtained 
from V. faba, was reared on V. faba under the same greenhouse 
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condition as previously described for at least 4 generations before 
being used in this study. To prevent ants from accessing the aphid 
colonies, each of the potted plants infested with an aphid colony 
was placed in a tray filled with water. 

Colonies of the erratic ant, Tapinoma erraticum (Latreille, 
1798) (Hymenoptera: Formicidae), which is common in ag
ricultural land in Mashhad and its surrounding area, were col
lected from several sites on the campus of Ferdowsi University 
of Mashhad, Mashhad, Khorasan-e-Razavi. The area from which 
they were collected is an open area with a dry climate and rela
tively fertile soil covered by herbaceous plants. This species is 
mainly reported to be from Iran's northeastern region, specifically 
the city of Mashhad (Hosseini et al., 2015). 

Fifty ant colonies, consisting of one queen and approximately 
500 workers and a brood of 50, were prepared for this sh1dy. Each 
ant colony was kept in a Vaseline-lined polyethylene container, 
which was half-filled with natural soil from an ant's nest. The 
container was placed in a tray filled with water to prevent the 
ants from escaping. It was partially covered with a dark piece of 
cardboard to maintain a dark environment, thus mimicking that 
of a natural nest (henceforth, the container is referred to as an 
"ant nest"). The ant nests were placed in a greenhouse and ex
posed to natural light condition. Before starting the experiments, 
the ant colonies were fed for two weeks on a sugar solution (10 
%)-filled glass tube (9 cm in height x 1.5 cm in diameter), which 
was loosely capped with cotton so as to allow the ants free access 
to the sugar solution. Water was sprayed twice a day onto the 
surface of the soil in the ant nests to keep them moist. 

Aphid population dynamics and age structure 

To determine the effect of different initial aphid numbers on 
the intensity of the ant-aphid relationship and its effect on the 
above-ground biomass produced by the bean plants, a microcosm 
experiment was carried out in a greenhouse from September 3rd 
to October 25'\ 2013. The experiment was of a completely rand
omized design (3 x 2 full factorial) with three initial aphid num
bers (3, 12 and 24 aphids) with either ants present (AP) or not 
present (non-AP). In this experiment, to determine how attend
ance by ants altered the developmental time of the different aphid 
stages and their reproduction, aphid developmental stages were 
recorded (see below). Each treatment combination was replicated 
5 times. Hence, 30 plants ( at the 8-10 leaf stage) were used in this 
experiment. The plants were then placed inside of a rectangular
shaped enclosure made of wood and covered with a gauze net 
(110 x 70 x 90 cm3). 

Aphids were transferred with the aid of a camel hair brush onto 
the underside of the plant's upper leaves. Eight hours after the 
aphids were transferred, ant nests were individually placed in the 
enclosure at a distance of 20 cm from the plants in the AP treat
ment. The ants were able to access plants via a paper bridge (1 
cm wide and 30 cm long) between the rim of the plant pot and the 
ant nest. To prevent ants from escaping, the pot rim was smeared 
with Vaseline. After around 20 min, the ants climbed the plant 
and searched for food. It took about 60 min for the worker ants to 
discover and start to visit the EFNs or tend the aphids on plants. 
Thereafter, the numbers of ants visiting a plant and aphids at 
each developmental stage were counted every three days for one 
month. In this experiment, the developmental stages were catego
rized as either: I"- 2"d instar, 3rd_ 41h ins tar or adult. The number 
of ants visiting the plant was counted for 10 s, with 3 replications 
over a period of 10 min, as described by Fischer et al. (2005). 
All these results were recorded between 9 :00-11 :00 a.m. After 
30 days, the above-ground parts of the plants were harvested and 
lightly washed with distilled water and then oven-dried for 48 
h at 70°C. The plant dty mass was weighed using a digital bal-
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ance (Sartorius GD503, Germany, sensitivity: I mg) and used as 
a measure of plant biomass. 

Data analysis 

The 30-day microcosm experiment, which included 10 census 
records, was divided into three 10-day intervals as follows: the 
first (start of ant attendance), the second (peak ant attendance), 
and the third time (ant attendance declining). Hence, there was on 
average three censuses in each time interval. To detetmine the ef
fect of the initial number of aphids and ant presence ( or absence) 
on aphid abundance during these three intervals, a 3 x 2 factorial 
design in a repeated measures two-way ANOVA was used. If the 
interaction between intervals and initial aphid numbers, and be
tween intervals and ant presence ( or absence), were significant (P 
< 0.05), a Tukey test was used (Howell, 2002). 

To determine the effect of initial numbers of aphids on the 
level of ant tending in terms of the number of ants attending each 
aphid colony on each plant in the three time intervals, the ant to 
aphid colony ratio was subjected to a repeated measures one-way 
ANOVA (Wilk's-Lambda) (Scheiner, 2001). 

To assess whether the aphid population growth rate was in
fluenced by ant attendance and the initial number of aphids, the 
aphid's r was estimated using the following formula (Chau et al., 
2005; Hosseini et al., 2010): 

r 
ln(Nx+/N.~) 

where, N, is the population density at time x, N, + 
1 
the population 

density at time x + t and t the difference in days between time x 
+ t andx: 

To evaluate the main and interactive effects of aphid initial 
number and ant presence ( or absence) on the numbers of aphids 
in the different developmental stages (1 "-2nd instar, 3rd-4th instar 
and adult) at the end of the experiment, a repeated measures two
way MANOVA (Wilk's-Lambda) was used. For each significant 
MANOVA (P < 0.05), at-test was (Proc t-test) used to assess the 
potential contribution of each variable to the significant differ
ence in the overall multivariate interactive effect of ant presence 
(or absence) and time intervals. To determine the reproduction of 
each adult aphid in the population during the three time intervals, 
the numbers of 1 "-2nd nymph to adult aphid ratio was calculated. 

The effect of initial aphid numbers and ant attendance on 
above-ground plant dry mass was evaluated using a two-way 
ANOVA. Accordingly, if significant differences between the 
means of plant dry mass were detected, Fisher's Protected LSD 
test was performed. 

Regression analyses were also used to determine how initial 
aphid numbers affected the population growth rate of A. gossypii 
and the associated plant biomass of bean plants attended and not 
attended by ants. 

Before ANOVA analyses, normality and homogeneity of vari
ance were determined using Kolmogrov-Smirnov and Bartlett 
tests, respectively. SAS software, version 9.2 was used for all sta
tistical analyses (SAS Institute, 2008). 

RESULTS 

An analysis of repeated measures ANO VA revealed that 
the mean aphid abundances recorded in the microcosm ex
periment were significantly affected by the interaction be
tween time interval and aphid initial numbers as well as the 
interaction between time interval and ant presence ( or ab
sence) (Table 1, Figs 1-2). Regardless of ant presence ( or 
absence), the mean aphid abundance increased over time. 
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Fig. 1. Effect on the abundance of Aphis gossypii of the initial num
bers of aphids (3, 12 and 24 individuals per plant) and the time 
after the beginning of the experiment (0-10, 10-20 and 20-30 d}. 
Different letters denote significant difference between treatments 
(P < 0.05). Bars show SE values. 

In the third time interval, the mean aphid abundance result
ing from an initial number of 12 aphids was the highest 
recorded. In the three time intervals, regardless of initial 
aphid numbers, aphids were more abundant on AP plants. 
However, the three-way interaction between time interval, 
initial aphid numbers and ant presence ( or absence) did 
not have a significant effect on the mean aphid abundance 
(Table 1). 

The mean number of ants visiting an aphid colony on 
a plant was significantly affected by the initial number of 
aphids and time interval, and their interactive effect (re
peated measures ANOVA: time intervals: Wilks' lambda= 
0.318, Fm= 13.91,P= 0.001; aphid density: F 113 = 11.55, 
P = 0.004; their interaction: Wilks' lambda= 0.537, F

213 

= 5.6, P = 0.01). The highest numbers of ants attending 
aphids was recorded in all 3 different initial numbers of 
aphid treatments in the first time interval. Over time, the 
level of ant tending in each treatment decreased and the 
least tending was recorded in the treatment initiated with 
24 aphids (Fig. 3). 

The aphid population growth rate during the first and last 
time intervals was significantly affected by the interaction 
between initial aphid number and ant presence ( or absence) 
(two-way ANOVA: interaction between ant presence (or 
absence) and aphid density: F

224 
= 17.47, P = 0.001). The 

highest aphid r recorded in the first and third time inter
vals was recorded in those initiated with 3 aphids in the 
AP treatment. Except for the initial number of 3 aphids in 
the non-AP treatment (none survived in this treatment), the 

Table 1. Repeated measures two-way AN OVA of the results of the 
experiment to determine the effect of the initial aphid numbers, ant 
presence (or absence) and time interval (0-10, 10-20 and 20-30 d 
after the beginning of the experiment) on the abundance of Aphis 
gossypii. 

Source of variation df F-value p 

Initial aphid number (Density) 2 9.55 0.001 
Ant presence (Ant) 1 23.38 0.001 
lime interval (lime) 2,23 67.52 0.001 
Density x Ant 2 0.32 0.732 
lime x Density 4,46 5.22 0.001 
lime x Ant 2,23 24.68 0.001 
lime x Densityx Ant 4,46 0.35 0.849 
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Fig. 2. The abundance of Aphis gossypii in colonies attended and 
not attended by ants at 0-10, 10-20 and 20-30 days after the be
ginning of the experiment. Different letters denote a significant dif
ference between treatments (P < 0.05). Bars show SE values. 

lowest aphid r was recorded in the initial number of 24 
aphids in the non-AP treatment (Fig. 4). 

There are significant differences in the number of aphids 
in each developmental stage associated with the main ef
fects [i.e., ant presence ( or absence), initial aphid numbers 
and time interval] and the interactive effect of ant tending 
and time interval (Table 2). There were significantly more 
151-2nd instars nymphs in ant attended than unattended 
colonies over time (t-test: time 1: ts= 3.58, P = 0.07; time 
2: ts= 3.192, P = 0.01; t

8
= 5.45, P = 0.001), which indi

cates that ant attendance resulted in an increase in aphid 
reproduction. Consequently, as shown in Fig. 2, the pop
ulation growth rate of ant attended colonies was signifi
cantly greater than that of unattended aphid colonies. How
ever, during the first two time intervals, the ratio of 1 s1_2nd 
nymphs to adult aphids in ant attended colonies was lower 
than that in unattended colonies. In the third time interval, 
the ratio of I s1_2nd nymphs to adult aphids in ant attended 
colonies was equal to that in unattended colonies (Table 3). 

At the end of this experiment, the above-ground plant 
biomass recorded was significantly affected by the interac
tion between initial aphid numbers and ant presence ( or 
absence) (two-way ANOVA: F

524 
= 5.24, P = 0.003). The 

greatest plant biomass was recorded in the AP treatment in
itiated with 24 aphids and the smallest in the non-AP treat
ment initiated with 12 aphids (Fig. 5). In the absence of 
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Fig. 3. Mean ant to aphid colony ratio (± SE) recorded over 10-
days attending aphid colonies that initially contained 3, 12 or 24 
aphids, recorded at different times from the start of the experiment. 
Different letters denote a significant difference between treatments 
(P < 0.05). Bars show SE values. 
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Dant absence 

24 

Fig. 4. The mean population growth rate of Aphis gossypii in colo
nies started with different numbers of aphids that were either at
tended or not attended by ants recorded in the first and third time 
intervals after the start of the experiment. Different letters denote 
a significant difference between treatments (P < 0.05). Bars show 
SE values. 

ants, the plant biomass markedly decreased with increase 
in mean aphid abundance (Y=-0.027 X + 0.470, R 2 = 0.63, 
P = 0.00 l ). In contrast, in the presence of ants, the plant 
biomass increased with increase in the aphid abundance (Y 
= 0.042 X + 0.466, R2 = 0.61, P = 0.02). 

DISCUSSION 

The results of this study indicate that, irrespective of the 
differences in the initial numbers of aphids, the population 
growth rate of ant attended aphids (0.157) was greater than 
that ofunattended aphids (0.076) (Fig. 4). This is due to the 
fact that the ratio of 1 s1_2nd instar nymphs to adult aphids 
in AP treatments was smaller than that recorded in non-AP 
treatments (Table 3). More interestingly, bean plant bio
mass was significantly higher in AP (ant-presence) than in 
non-AP (ant absence) treatments (Fig. 5). 

The Aphis gossypii colonies on AP plants were larger 
than those on non-AP plants at all three time intervals (Fig. 
2). In addition, the population growth rate (r) of ant attend
ed aphid colonies was higher than that of unattended ones 
(Fig. 4). Many studies report that the ant-aphid mutualis
tic relationship results in an increase in the reproduction 
and life span of the aphids and larger aphid populations 
(Stadler & Dixon, 1999; Renault et al., 2005; Powel & Sil
verman, 2010). 

The highest aphid population increases were recorded for 
colonies started with 3 aphids in the AP treatment. Similar 

Table 2. Repeated measures two-way MANOVA (Wilk's-Lambda) 
of the results of the experiment to determine the effect of the initial 
aphid number, ant presence (or absence) and time interval (0-10, 
10-20 and 20-30 d after the beginning of the experiment) on the 
numbers of 1'1-2°d, 3rd-4th instar nymph~.and adults of Aphis gos-
sypii. · 

Source of variation Wilk's lambda F p 

Initial aphid number (Density) 0.482 2.34 0.05 
Ant presence (Ant) 0.586 3.772 0.03 
Time interval (Time) 0.244 11.618 0.001 
Density x Ant 0.832 0.513 0.79 
Time x Density 0.590 1.659 0.09 
Timex Ant 0.518 4.413 0.01 
Time x Densityx Ant 0.833 0.537 0.88 
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Fig. 5. Mean above-ground biomass of bean plants infested with 
different initial numbers of aphids and either attended or not at
tended by ants. Lines indicate linear regressions for the AP and 
non-AP treatments, respectively (AP: Y = 0.042 X + 0.466, non-AP: 
Y = -0.027X + 0.470). Bars show SE values. 

to the results of the current study, the per capita growth rate 
of Aphis varians in small colonies is significantly greater 
than in large colonies (Breton & Addicott, 1992). Indeed, 
in the present study, none of the aphid colonies started with 
3 aphids in the non-AP treatment survived (Fig. 4). Small 
colonies easily become extinct given that solitary aphids 
are usually more vulnerable to plant defense than are ag
gregated aphids. The latter, however, can sometimes profit 
from colonies overcoming the host plants' defense and im
proving sap quality (Prado & Tjallingii, 1997; Price et al., 
2011). In contrast to the vulnerability of non-ant attended 
aphids living in small colonies, the survival and growth of 
AP aphids in small colonies are dramatically improved by 
the presence of ants (Fig. 4), probably due to the high level 
of ant attendance per aphid (Fig. 3). Negative density-de
pendent interaction between ant recruitment and the size 
of aphid aggregations (Breton & Addicott, 1992; Sakata, 
1995; Morales, 2000; Yoo & Holway, 2011) resulted in the 
aphids in small aphid colonies (initiated with 3 aphids) in
dividually being tended by more ants. 

An abundance of 1 '1-2°a instar aphids enhance ant attend
ance. In spite of this, ant attendance decreased the ratio of 
1 s1_2na instar nymphs to adult aphids during the first two 
time intervals (Table 3). Because reproduction per adult in 
AP aphid colonies was higher than that in non-AP colonies 
(Fig. 5), the reduction in the ratio of 1 '1-2"d instar nymphs 
to adults in ant attended colonies indicates that ant attend
ance most probably resulted in a greater increase in the rate 
of nymphal developmental than in the rate of reproduction. 
These findings suggest that tending ants promote the popu
lation growth of aphids by altering the age structure of a 
colony. Given that the ants prefer mature aphids because 
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they excrete a larger amount of honeydew than young 
aphids (Fischer et al., 2002). This modification of aphid 
age-structure by ants can facilitate the ant-aphid mutual
ism. To support this view, Flatt & Weisser (2000) report 
that an ant attended cotton aphid colony matured earlier 
than an unattended one. In the presence of ants, a more 
rapid development of the immature stages is also reported 
for Aphis fabae (El-Ziady & Kennedy, 1956; El-Ziady, 
1960), a lycaenid butterfly (Jalmenus evagoras) (Pierce et 
al., 1987) and Publilia reticulata (Hemiptera: Membraci
dae) (Bristow, 1984). 

The current study hypothesized that increasing the colo
ny size of aphids, via a mutualistic relationship with ants, 
would have a negative effect on plant performance. Con
trary, to expectations, the present study's results indicate 
that the ant-aphid mutualism significantly enhances the 
total above ground biomass of the bean plant compared to 
that recorded for aphid-infested plants without ants. There
fore, a positive effect of ants tending aphids on plants is 
a greater production of above ground plant biomass. For 
example, by removing honeydew, ants mitigate the nega
tive effects of the aphid honeydew droplets remaining on 
host plant leaves (Flatt & Weisser, 2000). Moreover, the 
activity of ants underground evidently affects the physical, 
chemical, and microbiological state of soil. By tunneling 
in the soil, ants make a major contribution to the aeration 
of soil (Dean et al., 1997). In the present study, less than 
24 h after placing an ant nest container close to a pot, the 
workers transferred all their larvae into the soil in the pot, 
which was followed by all of the ant colony moving into 
the pot. In addition to the effect on the physical properties 
of soil, earlier studies reveal that soil with an ant nest con
tains more mineral nitrogen, carbon, and potassium than 
soil without nests (Dean & Yeaton, 1993; Dauber et al., 
2001). Sources of soil nutrients may be the honeydew ex
creted by aphids and the dead bodies and exuvia of aphids 
that ants transport to their nest (Banks, 1962). The accumu
lation of organic matter in soil contained in ant's nest pro
vides an environment that is favourable for decomposing 
microorganisms and the activity of microbes in the soil in 
general (Dauber & Wolters, 2000). Therefore, ant activity 
positively influences the nutritional state of the flora and 
fauna in soil, which can result in better soil conditions for 
the growth and development of plants. 

In the present study, the ant T. erraticum not only im
proved the performance of A. gossypii colonies in terms 
of the population growth rates of all the different sized 
aphid colonies (El-Ziady & Kennedy, 1956; Flatt & Weis
ser, 2000; Powel & Silvennan, 2010; Styrsky & Eubanks, 
2010), but also benefited the aphid's host plant (Hansen 
et al., 2006). The positive consequences of the ant-aphid 

Table 3. Abundance of 1•1_2nct instar nymphs, adults and the ratio of 1•1_2nct instar nymphs to adults of Aphis gossypii in colonies attended 
and not attended by ants in the three time intervals (0-10, 10-20 and 20-30 d after the beginning of the experiment). 

Ant 

Presence 

Absence 

110 

2 nymph 

31.65 

12.13 

Time 1 Time 2 Time 3 

Adult 1-2 / Adult 1-2 nymph Adult 1-2 / Adult 1-2 nymph Adult 

11.25 2.81 122.86 38.81 3.16 276.33 122.88 

2.92 4.18 48.56 12.16 3.99 66.86 32.7 

1-2 / Adult 

2.24 

2.04 
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system for the host plant, in the absence of aphid natural 
enemies and alternative herbivores, probably indicates that 
ants (as the active patiners in the mutualism) can affect the 
fitness of the aphid's host plant as long as the requirements 
of the colony are satisfied. Thus, the ant-aphid relationship 
can enhance the dynamics of ecological communities. 
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