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Abstract

Leafcutter ants in the genus Atta (Hymenoptera: Formicidae: Attini) are considered major pests of
agriculture and forestry in the Neotropics. Phorid flies (Diptera: Phoridae) have been proposed as
viable candidates for biological control of ants because of the importance of their trait-mediated
effects on their hosts. However, the impact of different densities of phorid flies has never been
assessed in the field. Experiments were conducted by isolating 3-m sections of Atta vollenweideri Forel
foraging trails with tunnels, and sampling ants in trails with 0, 1, or 4 Eibesfeldtphora trilobata Disney
female parasitoid flies. Samples were collected every 30 min from these trails. We also collected a
sample before introducing the parasitoids and another one 30 min after removing them from the
trail. We measured traffic of ants on the trails, weight and type of plant material transported, and the
proportion and size of the workers collected. The presence of phorids on the trails reduced the ant
traffic and amount of plant material transported into the nests and decreased the proportion of
workers on the trails in the size range preferred as hosts by the flies. The effect on worker size, as well
as the lag effect recorded after phorids were removed from the tunnels, was more pronounced with
four phorids. The presence of phorids also affected the weight of monocotyledon and dicotyledon
material transported. Even at the minimum density possible, phorids significantly influenced a key
aspect of the colony life, the food intake through foraging. From an applied point of view, our results
show that releases of these phorids into the field should not necessarily involve many individuals to
reduce foraging by A. vollenweideri, making them potentially useful candidates for biological control
of these ants.

control has been effective in the short term (Boaretto &

Introduction

Leafcutter ants in the genus Afta (Hymenoptera:
Formicidae: Attini) cut plant material from a wide variety
of species to grow a symbiotic fungus, which in turn serves
as a food source for the colony (Weber, 1972; Holldobler
& Wilson, 1990). This relationship has allowed the ants to
circumvent most plant natural defense mechanisms
(Cherret, 1986), and it is one of the reasons why leafcutters
have become the dominant herbivores in the Neotropics
(Holldobler & Wilson, 1990). With the expansion of
intensive agriculture and the implementation of monocul-
tures, many species of leafcutter ants have become pests,
and great efforts have been made over the years to elimi-
nate them from agroecosystems (Cherret, 1986). Chemical
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Forti, 1997; De Coll, 1998; Filho & Dorval, 2003; Zanetti
et al., 2003); however, some pesticides such as chlorpyrifos
have been proven ineffective in long-term field studies
(Guillade & Folgarait, 2014), whereas others have been
banned from several crops. More effective pesticides like
fipronil are currently scheduled to be forbidden by the
Forest Stewardship Council for certifiable forestry within
the next year or two, depending on the country (Forest
Stewardship Council, 2007, 2012). Moreover, organic
producers simply do not have the option to control leaf-
cutting ants with synthetic pesticides (Foguelman, 2003).
It is then essential that alternative strategies for the control
of these pests are devised for these sectors.

Parasitoids in the Phoridae family (Diptera) have been
the focus of much research over the past three decades
(Folgarait, 2013), especially because of their current use as
biological control agents of fire ants in the USA (Callcott
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et al., 2011; Plowes et al., 2011, 2012; Porter et al., 2011).
The female of these flies inserts an egg into the body of a
worker ant using her ovipositor. The larva feeds from the
tissues of its host, eventually killing it at the time of pupa-
tion (Disney, 1994). Parasitism rates of foragers are often
low (Tonhasca, 1996; Erthal & Tonhasca, 2000; Morrison
& Porter, 2005; Guillade & Folgarait, 2011), with the
exception of those reported by Elizalde & Folgarait (2011).
As well as this direct mortality, these flies can produce
large indirect effects on the ants, individually as well as on
the whole colony (Feener & Moss, 1990; Elizalde & Folga-
rait, 2012). Leafcutter ants exhibit strong defensive behav-
iors to these flies, such as raising the head and opening
their mandibles in an attempt to hunt the flies, or curving
the body, with the abdomen touching the ground, to pro-
tect themselves from phorid attacks (Folgarait, 2013). Ants
have also been observed abandoning their loads and rush-
ing back into the nests, to the point that normal traffic in
the foraging trail is drastically altered (Orr, 1992; Braganga
et al., 1998; Tonhasca et al., 2001). Thus, it has been pro-
posed that the presence of phorids has a substantial effect
on colonies through interference with the normal supply
of plant material to the colony. Leafcutter phorids can also
trigger shifts in diel foraging patterns, so that ants switch
to nocturnal foraging to avoid parasitism (Orr, 1992).
Some species of leafcutter ant parasitoids are nocturnal as
well (Elizalde & Folgarait, 2011). Several studies have
shown that phorid flies can mediate competitive interac-
tions between ant communities involving ants such as
Solenopsis spp. (Feener, 1981; Morrison, 1999), Pheidole
spp. (LeBrun, 2005; LeBrun & Feener, 2007), or Azteca
spp. (Philpott, 2005), because they interfere with key
aspects of the colony life, such as losing resources due to
competition when foraging. Consequently, they have been
called keystone parasitoids (Feener, 2000).

Several phorid species attack leafcutter ants in South
America (Elizalde & Folgarait, 2010). Atta vollenweideri
Forel is regarded as a monocotyledon cutter (Jonkman,
1976, 1980; Robinson & Fowler, 1982) that affects forestry
and cattle ranches, although we have often observed them
carrying dicotyledon items. Workers of this species have
been reported to host six parasitoid species in Argentina
(Elizalde & Folgarait, 2011; Guillade & Folgarait, 2011),
including Eibesfeldtphora trilobata Disney, classified up to
2009 as Neodohrniphora trilobata Disney (Disney et al.,
2009). This fly targets large hosts (2.1-2.5 mm head
width) (Elizalde & Folgarait, 2011; Guillade & Folgarait,
2011), attacking worker ants in foraging trails near
entrances and pupariating within the host’s head (Elizalde
& Folgarait, 2011). These flies select appropriate hosts
from a perch, ambushing the ant as it walks along the trail.
An attacking female lands on the ant’s head to insert its

ovipositor in the occiput (Elizalde & Folgarait, 2012). Ants
display a strong reaction to their presence on the trails,
immediately assuming several defensive postures (Folga-
rait, 2013). They often run to escape phorids, and in this
situation, being laden with grass fragments has been shown
to decrease the running speed of foragers (Roschard &
Roces, 2002), which would render them more vulnerable
(Feener, 2000). On the other hand, a dicotyledon fragment
may offer better protection to the ant by becoming an
obstacle for the phorids when landing on the ant’s head.
Therefore, we hypothesized that attacking phorid females
may alter the relative weight of monocotyledon and dicot-
yledon fragments carried into the nest.

Phorids in this genus disturb normal traffic to such an
extent that, as noted by Braganga et al. (1998), it can be
used as a sign that phorids are present on the trail. Such a
conspicuous response has been shown to have an effect on
the foraging and traffic by Neodohrniphora curvinervis
(Malloch) on Atta cephalotes (L.) colonies in Costa Rica
(Orr, 1992) as well as by Neodohrniphora spec. on Atta sex-
dens (L.) in the laboratory in Brazil (Braganca et al,
1998). To this date, only one study has been published that
measured the effect of phorids in the field (Orr, 1992), but
no study has evaluated the field impacts of leaf-cutting ant
phorids at different parasitoid densities, which is of great
relevance when designing augmentative biological control
programs, because in general they include mass releases of
the biological control agent. Although it has been shown
that conspecific females of Pseudacteon spec. engage in
competitive interference when attacking Solenopsis invicta
Buren in laboratory conditions (Chirino et al., 2012),
every published study with leaf-cutting ant phorids con-
ducted in the laboratory has dealt with one phorid at a
time (Braganga et al., 1998, 2008, 2009; Tonhasca et al.,
2001; Gazal et al., 2007, 2009), and thus it is not possible
to accurately predict what would happen in the field if sev-
eral females attack on one trail.

The purpose of this study was to quantify the effect that
E. trilobata exerts on A. vollenweideri colonies in the field
at two different densities of phorids, to assess the impact
that these parasitoids have on the food supply of the nest
(as ant traffic and weight of ant load) and the type of food
transported (as weight of monocotyledon and dicotyledon
fragments).

Materials and methods

Study site and experimental unit

We conducted trials on A. vollenweideri colonies in
the field at San Cristobal, Santa Fe province, Argentina
(30°12'S, 61°09W), during spring (October—December
2010) and autumn (March-May 2011). Each trial was



performed on a foraging trail of a nest, which was carefully
inspected for 1 h before the start of each attack to ensure
that no phorids of any species were present on it. A second
trail with no phorids was selected to act as control. Our
field experience allowed us to select distant trails from the
same nests. There is no evidence of communication
between ants on such trails, at least not apparent in ant
behavior; in fact, it has been proven that ants show high
fidelity toward the same trail over time (Sousa-Souto
et al., 2005; Elizalde & Farji-Brener, 2012).

Experiments

In the first sampling (T = 0), we collected every ant
returning to the nest during a minute, as well as their
loads, both from the attack trail and the control trail. After
collecting this sample, we placed an isolation tunnel (3 m
long, 40 cm wide, 30 cm high) over each trail to keep
phorids away. We built tunnels of this length because
numerous field observations (AC Guillade, unpubl.) indi-
cated that E. trilobata attacks mainly on the 2 m of the for-
aging trail closest to the mnest entrance, whereas
Myrmosicarius brandaoi Disney, a sympatric species,
focuses mainly on nest entrances. The walls of the tunnel
were made of fine mesh cloth, and included several win-
dows covered with transparent X-ray film, which allowed
us to follow the activity of the flies on the trails. The struc-
ture was made of 0.5 mm thick wire, with ends long
enough to be buried into the soil at the sides of the trail, so
that the cloth walls touched the ground. Tunnels also
included a small opening with a removable cap, through
which flies could be introduced on the trail. After placing
the tunnel on each trail, we released either one or four
E. trilobata females on the attack trail. We chose these den-
sities to represent the minimum possible (one phorid) and
contrast it with the maximum parasitoid abundance per
trail observed in our study site (L Elizalde, pers. comm.).
Flies were collected the previous day with an aspirator and
kept in plastic tubes with a cap adapted to contain a cotton
plug soaked with a sugar water (40% wt/vol) solution.
Thirty minutes after introducing the fly into the attack
tunnel, a second sampling was conducted (T + 30), col-
lecting every nest-bound ant and their loads during a min-
ute, from both the attack trail and the control trail. Two
subsequent samples were taken every 30 min (T + 60 and
T + 90) from attack and control trails. After collecting the
T + 90 sample, the flies were removed from the attack
trail, and ants were allowed to forage for another 30 min,
when the final sample (T + 120) was collected from both
trails, thus ending the trial. Both control and attack trails
were continually inspected to ensure that no flies were ever
present on the control trails, and that only the fly or flies
we had released were on the attack trails. If a fly in an
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attack tunnel escaped or was killed by ants, it was
immediately replaced by a new female, so that phorid den-
sity in the attack tunnel remained constant throughout the
assay. We performed 12 trials with a density of one phorid
per trail, and 12 trials at a density of four phorids per trail,
each paired with a control.

Ants collected from both control and attack trails were
kept at room temperature in plastic containers with a plas-
ter base, and fed sugar water (40% wt/vol) ad libitum. All
ants from each sample were counted, to determine traffic
at each sampling point, and measured under a Nikon
SMZ800 (Tokyo, Japan) stereoscopic microscope with an
ocular micrometer (width of the head capsule below the
eyes), so as to assess whether the presence of flies had any
effect on the distribution of size frequencies. We also
determined the number of parasitized ants in each sample
to assess whether parasitism rates were altered by the trials.
Plant material carried by ants was sorted into monocotyle-
dons and dicotyledons and dried to constant weight at
60 °C for 72 h before weighing. As we carried out our tests
in spring and fall, the effect of phorid density (0, 1, or 4
females) on the type of plant material transported was
assessed for both seasons.

Statistical analysis

We first conducted ANOVAs to compare T = 0 between
control and treatments for traffic on the trails, weight of
plant material transported, and size of ants. After ascer-
taining that there were no significant differences between
control and treatments prior to the attacks, data for
T +30,T + 60, T + 90,and T + 120 were analyzed using
repeated measures ANOVA, with Bonferroni’s correction
for multiple comparisons. Because data did not fulfill the
assumption of sphericity, we reported a corrected F (F¢),
using the Greenhouse-Geisser correction to adjust the
degrees of freedom.

We performed an ANOVA to analyze parasitism rates
across treatments. To assess the effect of our treatments on
weight of monocotyledon and dicotyledon fragments
carried, we performed non-parametric Kruskal-Wallis
ANOVA, as data were not normally distributed, with
Mann—Whitney tests for pair-wise comparisons, adjusting
the value of o with the Bonferroni correction. Tests were
carried out using STATISTIX (Analytical Software, 1998).
All analyses were carried out using SYSTAT 13 (Systat
Software, 2009).

Results

Ant traffic (Figure 1) did not differ between control (0
phorids) and attack trails (one and four phorids) at T = 0
(Fy45 = 0.131, P = 0.87). Repeated measures ANOVA
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Figure 1 Traffic of Atta vollenweideri (mean £ SD no. ants/min)
on foraging trails with 0, 1, or 4 phorids (Eibesfeldtphora
trilobata) present, at 30-min intervals after release of the phorids
(T=0).

indicated that treatment had a significant effect on ant
traffic ~ (Fgp45 = 54.11,  P<0.0001), across time
(Fcaa5 = 18.35, P = 0.0005), and the interaction between
time and phorid density (Fc, 45 = 11.35, P<0.0001). How-
ever, post-hoc comparisons exhibited no significant differ-
ences between attacks with one or four phorids
(P = 0.14). Ant traffic decreased with both phorid densi-
ties tested, and continued to dwindle after the parasitoids
were removed from the tunnels.

The amount of plant material transported into the col-
ony was also affected by the presence of phorids (Fig-
ure 2). At T =0, we found no significant differences
between the material transported in the control trails
which were opposite to attack trails (F,45 = 0.185,
P = 0.83). After this point, the introduction of female flies,
at densities of either one or four per trail, resulted in
reduction in plant material transported (treatment:
Fopus = 71.05;  time: F, 45 = 17.42; treatment*time:
Fcp45 = 22.74, all P<0.0001). Again, there were no signifi-
cant differences between the one- and four-phorid treat-
ments (P = 0.27).

By sampling trails with no phorids in summer and win-
ter to supplement the data from our attack assays, we
found that, except in the fall, when monocotyledons
amounted to 80.4% of the plant material transported,
most of the weight of plant material carried into the nest
on control trails throughout the four seasons corre-
sponded to dicotyledons, whereas the proportion of
monocotyledons ranged from 0.7% in summer to 25% in
spring.

The presence of phorids altered the relative weight of
monocotyledon and dicotyledon fragments entering
the nest. During the fall trials (Figure 3A), the weight
of monocotyledon fragments carried into the nest was
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Figure 2 Mean (+ SD) dry weight (g) of plant material carried
on Atta vollenweideri foraging trails with 0, 1, or 4 phorids
(Eibesfeldtphora trilobata) present, at 30-min intervals after
release of the phorids (T = 0).

22{A h
20 a
18 -
16 -
14 A
12 A
10 A
= 87 a
£ 61
b
2 21
S 0+ . : .
° Control 1 phorid 4 phorids
=
“;’ 221 B = Monocotyledon
2 20 A o Dicotyledon
< 18 1
3 16 |
-
14 A
12 A
10 A
8 4
6 b
4 a b
: ﬂ ﬂ
ol , et
Control 1 phorid 4 phorids

Figure 3 Median (+ first and third quartiles) dry weight (g) of
monocotyledon and dicotyledon fragments carried per h into the
Atta vollenweideri nest on trails with 0 (control), 1, or 4 phorids
(Eibesfeldtphora trilobata) in (A) fall and (B) spring. Different
letters within a treatment indicate significant differences.

significantly higher than the weight of dicotyledon frag-
ments in all treatments (control: U = 36, P<0.0001; one
phorid: U =54, P =0.0018; four phorids: U = 42,
P = 0.0002). The weight of monocotyledons carried in



trails with four phorids was significantly lower than in
control (U = 488, P = 0.0002) and one phorid (U = 426,
P<0.0001) trails, whereas the weight of dicotyledon frag-
ments was not significantly different across treatments
(H = 0.59, P = 0.56). In spring (Figure 3B), the weight of
dicotyledon fragments was higher than the weight of
monocotyledons in trails with one phorid (U = 216) and
four phorids (U = 697, both P<0.0001), whereas in con-
trol trails the difference was not significant (U = 764,
P>0.05). The weight of dicotyledon fragments varied sig-
nificantly across treatments (H = 9.14, P = 0.003), with
Mann-Whitney comparisons showing significant differ-
ences between control trails and trails with four phorids
(U =809, P = 0.003) as well as between trails with one
and four phorids (U = 426, P = 0.0002), but not between
control and one-phorid trails (U = 367, P = 0.8). Mono-
cotyledon fragments did not differ across treatments
(H = 5.42, P>0.05).

The presence of phorids also had a remarkable effect on
the frequency distribution of worker sizes in the ants
returning to the nests (Figure 4). At T = 0 (Figure 4A), we
found no differences between the size of workers in control
trails (mean £ SD = 1.73 £ 0.35 mm) vs. those selected
as to be later attacked with one phorid (1.74 + 0.36 mm)
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or four phorids (1.73 £ 0.28 mm) (F,g;; = 0.58,
P = 0.94). However, after introducing the fly or flies (Fig-
ure 4B-E), we found significant differences in the mean
size of workers in phorid treatments relative to the control
trails (F, g7 = 18.23, P<0.0001), as well as through time
(Fo817 = 4.82, P = 0.0024) and the interaction between
treatment and time (F,g;; = 2.43, P = 0.023). As with
traffic and plant material transported, we found no signifi-
cant differences in the mean size of workers between the
one- and four-phorid treatments (P>0.05).

Parasitism rates did not differ across treatments
(Fyys = 0.08,P = 0.9).

Discussion

The presence of phorids on the foraging trails affected
parameters of field colonies such as traffic of ants and
amount of plant material transported into the nests, as well
as the distribution of frequencies of worker ants on the
trails. The weight of monocotyledons and dicotyledons
carried into the nests was also affected by the presence of
phorids at different densities. Traffic on attack trails was
reduced to 50% of the traffic recorded on control trails by
the end of the experiments. When one phorid alone was

40 A 40 - — Ophorids
A B - 1 phorid
30 30 — 4phorids
HSP,,
20 1 20
10 104
0 0 4= S
Q D O\ H» D AN ) L)
Q- Q"\ r\q’ N A fl/q/ Vv q:\
409¢ 401p
30
§2]
g 20 4
X
10 4
o o) k )
Q D ON MH» D DY o) >
Q- Q"\ ,\?’ N \/‘\ (1/(]/ Vv q:\
Figure 4 Frequency distribution of Atra 404 Size of host ant head capsule
vollenweideri sizes (head capsule width, (mm)
mm) on experimental trails with 0, 1, or 4 30 1

phorids (Eibesfeldtphora trilobata), (A)
before phorids were introduced into a
priori assigned treatments, (B-D) after 30, 10
60, or 90 min, respectively, of phorids

attacking, and (E) 30 min after removing
phorids following the last sampling

(90 min). HSPg,: host size preferred by
E. trilobata females for oviposition.
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present, the reduction was ca. 20% greater than in trails
with four phorids attacking simultaneously, although this
difference was not statistically significant. The time phor-
ids spent on the trails had an effect on traffic, with the
reduction in ants per min increasing as time passed. We
recorded a lag effect in which 30 min after removing the
parasitoids from the trail, ant traffic continued to decrease.
Such a lag effect has been reported previously for Neo-
dohrniphora spec. on A. sexdens colonies under laboratory
conditions (Braganga et al., 1998). These authors also
found a reduction in traffic in the trails after releasing one
phorid. Several factors can account for such a reduction.
Although parasitism by phorids in general and by E. trilo-
bata in particular can be rather low (Jouvenaz et al., 1981;
Tonhasca, 1996; Braganca et al., 1998; Morrison, 1999;
Guillade & Folgarait, 2011; but see Elizalde & Folgarait,
2011), ants in the presence of these parasitoids display
strong reactions, which include freezing on the trail and
adopting defensive postures (Elizalde & Folgarait, 2012).
Workers recently attacked by E. trilobata have been
observed to curl into themselves (Folgarait, 2013) and lay
motionless for several minutes. These individual-level
responses are likely influencing the foraging rhythm on
the trails where phorids are present, as other ants in the
trail (often smaller workers) form a circle around the
attacked ant and touch it repeatedly with their antennae, a
behavior termed by Elizalde & Folgarait (2012) as ‘tending’
(Braganga et al., 1998; Elizalde & Folgarait, 2012).

The amount of plant material carried into the nest was
also affected by the presence of phorids on foraging trails.
We observed a 66% reduction in dry weight carried into
the nest by the end of the experiment, with the same lag
effect we recorded in traffic. As with traffic, the slight dif-
ference between the one- and four-phorid treatments was
not significant. The plant material transported cannot only
be related to the traffic on the trails, but also to the size dis-
tribution of the workers foraging. Atta vollenweideri work-
ers carry plant material into their colonies by forming
transport chains (Roschard & Roces, 2002), with cutter
ants cutting and dropping large grass fragments, which are
subsequently cut into smaller pieces by smaller ants along
the transport chain. Roschard & Roces (2003a) found that
the size of the grass fragments chosen by foragers
depended on the distance to the nest, with size-matching
between ant size and fragment size being stronger as the
distance from the nest decreased. Therefore, smaller ants
(due to the effect of phorids) in the proximal end of the
trail would result in smaller fragments taken into the col-
ony, which would in turn affect performance (Roces &
Bollazzi, 2009). For this to affect the whole colony in the
field, E. trilobata females should, according to our results,
be present on each active trail of the colony, with — at least

—one phorid per trail. The lack of significant differences in
ant traffic and weight of plant material transported
between trails attacked by either one or four phorids may
be the result of intraspecific competition, as reported by
Chirino et al. (2012) for Pseudacteon tricuspis Borgmeier
females on S. invicta. However, the fact that in our experi-
ment the parasitoids were forced to attack in a closed tun-
nel could bias our results, as in natural conditions females
would be able to avoid interference by moving down the
trail, away from other attacking females.

The frequency distribution of host sizes was altered by
the presence of one or four phorids. Although there were
no significant differences between the mean size of foragers
on trails with one vs. four phorids, the distribution of size
frequencies exhibited some discrepancies. In both cases,
the number of workers in the preferred size for oviposition
by E. trilobata (Elizalde & Folgarait, 2011; Guillade & Fol-
garait, 2011) became less frequent after the introduction of
phorids, and the effect was more pronounced with four
phorids on the trail, to the point that at T + 60 and
T + 90, ants within this size range were 5x more abun-
dant at the one-phorid trails than at the four-phorid trails.
We observed a lag effect after removing the flies, which for
host sizes was more pronounced when four phorids had
been present, as at T + 120 the percentage of hosts within
the preferred range was ca. 12% in control trails, ca. 10%
in one phorid, and ca. 4% in four-phorid trails. Thus, the
increase in phorid density prolonged the effect on host size
distribution after the parasitoids had departed the trail.

Atta vollenweideri has been reported as a grass-cutter
(Jonkman, 1976, 1980; Robinson & Fowler, 1982), and is
considered as such ever since (Farji-Brener & Ruggiero,
1994; Roschard & Roces, 2003a,b, 2011). However, the
results we obtained in our samplings lead us to propose
that they should no longer be called grass-cutting ants,
given that this is the first evidence that shows in detail the
type of plant material carried by these ants through time.
Interestingly, the weight of monocotyledons and dicotyle-
dons carried was affected by the presence of phorids. In
the fall, when the ants were carrying the greatest amount
of plant material, the weight of monocotyledons carried
decreased significantly in the presence of four phorids.
Because of their shape, monocotyledon fragments might
afford less protection to foragers and interfere with their
running speed. Atta vollenweideri is known to accumulate
piles of plant fragments on the trail at irregular intervals,
forming transport chains to carry them into the colony
(Roschard & Roces, 2003b). The presence of phorids
on the trail is likely to demand greater transport speed to
relay the information regarding the threat of parasitism
(Roschard & Roces, 2003b), and in this context it
would be advantageous for the foragers to select more



dicotyledons from these cache piles, which, because of
their shape, allow them greater speed and better protection
against phorids. This effect could also be observed in
spring, when in control trails there were no significant dif-
ferences between weight of monocotyledons and dicotyle-
dons carried, whereas in trails with one and four phorids
the weight of dicotyledons carried was significantly greater
than the weight of monocotyledons.

Also interesting was the swiftness of the response of the
colony to the appearance of phorids on a trail. At a density
of one or four females per trail, the colony responded with
a re-distribution of the size of foragers on the trail, which
was evident in the first sampling after introducing the
phorids. Elizalde & Folgarait (2012) reported that 17% of
the ants in the trail run back into the nest upon encounter-
ing a phorid, whereas others drop their loads when adopt-
ing defensive postures. Ants returning to the nest are likely
relaying the information that parasitoids have arrived on
the trail, and this information can then trigger a colony-
level response in the form of reducing the proportion of
majors and increasing the proportion of smaller ants on
the trail. This response was limited to the trail under
attack, as we found no evidence of changes in size distribu-
tion in control trails. This seems to support the hypothesis
advanced by Gordon (1999, 2007), who proposed that col-
ony-level organization is dependent on the workers rather
than the queen, and that the interactions between workers
result in changes in task allocation. Our results show that
the response was limited to those trails affected by attack-
ing phorids, whereas on unaffected trails foraging contin-
ued without changes of forager size, traffic, and plant
material transported.

Parasitism by E. trilobata did not differ significantly
between control and treatments (at either density of
females), but this is not completely unexpected. Our
experimental design is likely influencing the results, as the
tunnels prevented us from collecting the attacked ants spe-
cifically. Besides, the fact that parasitized ants can be col-
lected from foraging trails of different treatments in
similar proportions (Erthal & Tonhasca, 2000; Elizalde &
Folgarait, 2011; Guillade & Folgarait, 2011) suggests that
these workers remain active for several days after being
parasitized, but there are no data on what happens with a
worker immediately after attack. We have often observed
minimal workers tending to an attacked forager, which lies
immobile for several seconds before returning to the nest.
It is possible that, once inside the nest, this ant spends
some time relaying information on the presence of parasi-
toids. Even if it immediately returns to its task of carrying
plant fragments, it takes workers a few hours to complete
the trip to the cutting site and back, along trails that often
exceed 100 m in length (Roschard & Roces, 2011). Thus, it
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is highly unlikely that we could capture a recently parasit-
ized ant in our random sampling. Nonetheless, the impor-
tance of behavioral effects of ants triggered by phorids,
relative to direct mortality by parasitism, has been
reported abundantly (Feener & Brown, 1992; Orr, 1992;
Folgarait & Gilbert, 1999; Morrison, 1999; Feener, 2000;
LeBrun & Feener, 2007; Feener et al., 2008).

Our results are relevant from an applied point of view.
We have quantified the response of field colonies to
attacking phorids and shown that, even at the minimum
possible density, these parasitoids can exert a significant
effect on a key aspect of colony life, the consumption of
food through foraging. We carried out our experiments
with only one phorid species, but previous work on
Argentine phorids (Elizalde & Folgarait, 2011, 2012; Guil-
lade & Folgarait, 2011) demonstrates that different species
of phorids attacking the same host partition this resource
through several complementary strategies. Myrmosicarius
brandaoi prefers smaller workers than E. trilobata (1.59—
2.01 mm head width), and Myrmosicarius gonzalezae Dis-
ney attacks ants between 1.51 and 1.9 mm; both search
for their hosts at nest entrances more often than at forag-
ing trails (Elizalde & Folgarait, 2011; Guillade & Folgarait,
2011). Therefore, even when worker ants in the size range
preferred by E. trilobata become scarcer when this species
is attacking, other phorid species can exploit smaller
workers. It would be interesting to evaluate phorid
attacks using parasitoids that prefer different sizes of
workers, to determine the effect that two or more com-
plementary species of phorids may have on the frequency
distribution of worker sizes on the trails. Although ant
colonies have evolved several defense mechanisms against
phorid flies, such as switching to nocturnal foraging, as
demonstrated by Orr (1992), M. brandaoi has been col-
lected from foraging trails after dusk (Disney et al.,
2006), which suggests that, in true arms race form, parasi-
toids are evolving to compensate for diel shifts in foraging
by ants. Apocephalus setitarsus Brown, on the other hand,
is likely to specialize on large hosts (Elizalde & Folgarait,
2011), and it attacks ants at cutting sites. Furthermore,
seasonal abundance varies between species (Elizalde &
Folgarait, 2010, 2011; Guillade & Folgarait, 2011), which
would help competing species to partition their host
resource temporally as well as spatially. Therefore, these
three species could act together as control agents avoiding
interspecific competition, covering a wider range of host
sizes. Future work should test this hypothesis in the field.
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