
Contents lists available at ScienceDirect

Behavioural Processes

journal homepage: www.elsevier.com/locate/behavproc

Avoiding traffic jams: Hitchhiking behavior as a strategy to reduce ant
workers’ traffic on the foraging trail

Isabel Neto Hastenreitera, Juliane Floriano Santos Lopesa,c, Roberto da Silva Camargob,⁎,
Luiz Carlos Fortib

a Programa de Pós-Graduação em Ecologia, Universidade Federal de Juiz de For a, Rua José Lourenço Kelmer, s/n. Campus Universitário, Bairro São Pedro, CEP: 36036-
900, Juiz de Fora, MG, Brazil
b Laboratório de Insetos Sociais-Praga, Departamento de Produção Vegetal, Setor Defesa Fitossanitária, FCA/UNESP, PO Box 237, 18603-970, Botucatu, São Paulo,
Brazil
c Programa de Pós-Graduação em Ciências Biológicas, Comportamento e Biologia Animal, Universidade Federal de Juiz de Fora, Rua José Lourenço Kelmer, s/n. Campus
Universitário, Bairro São Pedro, CEP: 36036-900, Juiz de Fora, MG, Brazil

A R T I C L E I N F O

Keywords:
Foraging
Acromyrmex subterraneus
Traffic jam

A B S T R A C T

During foraging, thousands of leaf-cutting ant workers travel along high traffic foraging trails which, when
narrow, reduce the leaf delivery rate due to the reduction in workers’ travel-speed. On the other hand, high
worker traffic promotes head-on encounters which are supposed to mediate worker task allocation and so could
constitute a cue which induces traffic reduction. Very small workers along trails, for example, could change their
task between marking the trail chemically to hitchhiking. Since they assume the hitchhiker function even in the
absence of phorid parasitoids, one can suppose that hitchhiker behavior could be a strategy mediated by head-on
encounters to avoid the high density of workers. Thus, we studied how the variation of worker density on the
trail influences the hitchhiker frequency, testing the hypothesis that very small workers climb on the transported
leaves to reduce trail traffic. Therefore, five Acromyrmex subterraneus colonies were linked to a foraging area by
trails of different width (1.5 or 3 cm). We counted the number of hitchhikers and the outbound worker flow. The
frequency of hitchhikers increased along narrow trails, and also due to outbound workers in both trail widths.
Regardless of outbound foraging flow being comparable in both trail widths, the narrower ones had high density
of workers leading to a presumed increase in head-on encounters. Head-on encounter rates cause a reduction in
travel speed and, furthermore, are regulatory factors of task-allocation. Thus, high density trails lead to an
increase in the rate of head-on encounters which could constitute as a stimulus to task-allocation of very small
workers to the function of hitchhiker to avoid traffic jams.

Significance statement

We accessed how the variation of worker density on the trail in-
fluences the hitchhiker frequency and so test for the hypothesis that
very small workers climb on the transported leaves to reduce trail
traffic. We found that frequency of hitchhikers increased along narrow
trails, and also due to outbound workers in both trail widths. As the
outbound foraging flow being is not different in both trail widths, the
narrower ones had high density of workers leading to a presumed in-
crease in head-on encounters. Head-on encounter rates cause a reduc-
tion in travel speed and, furthermore, are regulatory factors of task-
allocation. We concluded that high density trails lead to an increase in
the rate of head-on encounters which could constitute as a stimulus to
task-allocation of very small workers to the function of hitchhiker to

avoid traffic jams

1. Introduction

Ant foraging is a complex process whose success depends on both
the individual activity of the workers and the integrated activity of the
group (Traniello, 1989; Roces and Núñez, 1993). The integration of the
individual and group activity is actually a great challenge, especially
because Acromyrmex species, the target organism of this research, have
populous colonies with thousands of individuals moving along a trail
system during foraging, generating a high-flow of traffic (Burd et al.,
2002; Kost et al., 2005). Brazil has 20 species and 9 taxonomic sub-
species accepted as Acromyrmex (Della-Lucia et al. 1993). During
foraging, Acromyrmex workers, known as leaf-cutter ants run towards
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fresh leaves from different plant species, cut leaf fragments and trans-
port them to the colony. The leaves fragments are used to feed their
fungi crop, used as food source for the entire colony, specially the
larvae. These activities are distributed within different size classes of
workers (Forti et al., 2004).

Acromyrmex foraging trails, as well as those of other ant species,
present physical trails on the surface of the soil which are actively
constructed by workers (Bruce and Burd, 2012) and vary in width and
length (Sales et al., 2015; Lopes et al., 2016). They can be found in
places with different physical characteristics which influence ant dis-
placement. It is known, for example, that there is an increase in worker
walking speed in physically delimited litter-free trails (Sales et al.,
2015). This physical delimitation leads to a higher concentration of
forager workers and a consequent increase in delivery rate to the
colony, either due to an increase in the worker flow (Sales et al., 2015;
Bochynek et al., 2017) or to the trail pheromone concentration (Jaffé
and Howse, 1979; Sumpter, 2006).

As Acromyrmex use mass recruitment as a foraging strategy, trail
width is an important aspect of foraging. Narrow trails may lead to an
increase in the pheromone concentration, which is done through a
positive feedback mechanism (Sumpter, 2006), and also promote an
increase in ant worker density transiting along the trail. When the flow
increases, especially in delimited paths, there is an increase in the
worker encounter rate which stimulates leaf cutting (Dussutour et al.,
2007), yet causes small delays in the movement of individuals which
represent a reduction of up to 20% of the displacement speed (Burd and
Aranwela, 2003). The speed reduction caused by this higher rate of
encounters or by the transport of large loads leads to traffic jams (Burd
et al., 2002; Farji-Brener et al., 2011).

Workers are expected to adjust their behavior in a way that mini-
mizes the effect of the high density of individuals along the trail, thus
avoiding traffic jams and consequent delays in leaf delivery. One
strategy observed is the reduction of fragment sizes cut when in high
traffic of individuals (Farji-Brener et al., 2011). The same has already
been registered when the trail width is manipulated (Dussutour et al.,
2009a,b).

In ants, encounter rates provide information about how many in-
dividuals are engaged in a particular activity since they are dependent
on collective characteristics, such as group size or density (Gordon and
Mehdiabadi, 1999). As a result, when encounter rates vary there is an
adjustment in the number of individuals performing different tasks, in a
self-organizing process, with forager workers responding to these lo-
calized and simple signals (Gordon and Mehdiabadi, 1999). However
not all workers respond at the same way to encounter rates.

Along the foraging trail, very small workers are primarily re-
sponsible for pheromone trail marking (Evison et al., 2008). When the
flow of workers is high enough to effectively perform the chemical
marking, any excess workers already out of the nest could then be al-
located to another task. Indeed, very small workers have already been
observed displaying hitchhiking behavior (Stradling, 1978) in which
they climb on the leaf fragments transported by their nestmates.

It is known that very small workers assume the hitchhiking behavior
when they detect that foragers are under attack by phorids (Feener and
Moss, 1990; Bragança et al., 1998). However, the same behavior is also
observed in the absence of phorids (Hastenreiter et al., 2016), which
indicates that other stimuli could induce hitchhiking behavior. Since
higher worker density increases the encounter rate, and this increased
rate is related to task allocation, it is reasonable to assume that very
small workers could change to the task of hitchhiking due to the rise of
worker density along the trail. Therefore, this study evaluated whether
the worker density variation in trails influences the hitchhiking fre-
quency.

2. Material and methods

The experiment was carried out at the Laboratory of Myrmecology

at the Federal University of Juiz de Fora, using five colonies of
Acromyrmex subterraneus with similar fungus volume (2.5 liters). The
colonies were kept under a controlled temperature and relative hu-
midity (T=22° to 25 °C, RH= approximately 80%) and daily kept
with fresh leaves of Acalypha wilkesiana and Delonyx regia. For the ex-
periment, the colonies were leaf-deprived for 24 h prior to the test
series.

Each colony was connected to the foraging arena by a 70-cm-long
glass bridge. We used two bridge widths, which constituted our treat-
ments: (i) wide trail – 3-cm wide; (ii) narrow trail – 1.5-cm wide. At the
end of the trail in the foraging arena, we supplied 100 discs of A.
wilkesiana (52mm2) cut with a manual metal punch from fresh leaves
harvested prior to the experiment.

At the center of the glass bridge, we established a point for re-
cording the frequency of hitchhikers that were on the leaves as well as
the flow of workers leaving the nest towards the foraging arena. We
counted the flow during one minute with intervals of five minutes. As a
result, it was possible to calculate the average flow for the entire
foraging process. The assay was ended when all the leaf discs were
transported.

We submitted each of the five colonies to each treatment at least
five times. Where no hitchhiker was observed, the assay has been ex-
cluded, because in this case the outbound worker flow was lower than
on the other assays. We performed a total of 34 experimental assays
(17/treatment).

Data were submitted to the Bartlett and Shapiro-Wilk tests for
homoscedasticity and normality, respectively. If homoscedasticity and/
or normality were not verified, data was log10 transformed.
Afterwards, data were submitted to GLM to evaluate if the hitchhiker
frequency and the flow of workers leaving the nest (response variables)
varied according to the trail width (explicative variable) and colony as
random variable, to control for data pairing. A linear regression was
conducted to verify if hitchhiker frequency was related to the flow of
workers that left the nest. All analyzes were performed at 5% level of
significance in R software (R Development Core Team, 2017 – version
3.4.3).

3. Results

The frequency of hitchhikers varied according to the trail width (F
(1, 29)= 6.32, p= 0.017) being greater in the narrow trail (Fig. 1A).
On the other hand, the flow of workers leaving the nest did not (F(1,
29)= 0.01, p= 0.89) (Fig. 1B), meaning that if there is the same
number of individuals on the narrow trail, it presents a higher worker
density in comparison to the wide one.

Also, we verified a positive relationship between hitchhiker fre-
quency and the number of workers leaving the nest (F(1, 29)= 12.17,
p=0.001, R2= 0.25) (Fig. 2).

4. Discussion

The higher hitchhiker frequency on narrow trails indicates that the
hitchhiking task may constitute a behavioral strategy in conditions of
high worker density on the trail. On the other hand, the reduction in
trail width did not influence the flow of workers leaving the nest; the
average number of workers in the wide and narrow trails was similar
and in both cases had a increasing effect on the hitchhiker frequency.
Therefore, since the worker flow did not vary according to the trail
width yet did influence the hitchhiker frequency, we can assume that an
increase in worker density due to narrowing the trail width stimulated
the hitchhiking behavior.

Physical trails are like corridors linking the colony to the food
patches and through which scouts, foragers and very small ants
(Shepherd, 1982; Sumpter, 2006; Evison et al., 2008) transit and de-
posit pheromones. In narrower trails, it is expected that pheromone
deposits will be more localized as the superficial area is smaller. Since
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the worker flow was similar in both narrow and wide trails, we can
suppose that trail pheromone is more accumulated on narrow trails,
what increases the probability of phorids flying over the trail under
natural conditions. It is known that phorids are attracted by the most
diverse volatile compounds, including trail and alarm pheromones
(reviewed by Mathis and Phillpott, 2012). Since the hitchhikers are
related to the forager worker defense against parasitoid phorids attack,
we can assume that the very small ants could be stimulated by the
pheromone accumulation to assume the task of hitchhikers.

Another effect of narrowing of the trail width and consequent in-
crease in the density of individuals is that the encounter rate among
workers also increases (Burd and Aranwela, 2003). Such nest-mate
encounters are recognized as important regulators of task allocation
(Gordon, 2002; Gordon and Mehdiabadi, 1999). Therefore, we believe
that on narrow trails, hitchhiking behavior may have been more often
stimulated due to the increased encounter rate caused by reduced trail
width. Indeed, during foraging, the level of stimulus may result in a
change in task allocation in which workers who are not engaged in a
given function begin to do so (Waddington and Hughes, 2010). The
main function of very small workers is chemical trail marking (Evison
et al., 2008). However, this task is also carried out by medium and large
workers (foragers) when the flow is already established along the trail
(Sumpter, 2006). In this case, very small ants along the trail would be
available to carry out other foraging-related functions. By assuming the
hitchhiker role, very small workers would perform the tasks related to
this behavior and still save energy to return to the nest (Feener and
Moss, 1990), reflecting on the colony-level benefits of increased traffic
flow and energy savings.

One of the explanatory models of task allocation dynamics states
that the individual decision for a worker to engage in a task is based on
environmental and social stimuli (Pacala et al., 1996; Gordon, 2003). In
this study, we suggest that especially the local stimuli may have caused
the hitchhiking frequency increase due to narrow trails amplifying
nestmate encounter rates.

It has been documented that in narrow trails the workers are able to
avoid traffic jams by behavioral mechanisms. When an alternative route
is made available, a portion of the workers goes to the alternative trail
after meeting with a nestmate who traveled in the opposite direction,
dividing the foraging flow (Dussutour et al., 2004). Additionally, the
flow can be organized temporally in alternate blocks of workers leaving
and returning to the nest (Dussutour et al., 2005). These behavioral
strategies are seen as alternatives to reduce the encounter rate among
workers and to avoid subsequent delays (Dussutour et al., 2005). Other
strategies related to traffic jams is the reduction in transported leaf
fragment size, preventing the truck-effect (Farji-Brener et al., 2011) and
the spatial organization of worker flow in which very small workers
travel along the outer side of the trail while loaded workers travel along
the middle (Brugger, 2015).

The stimulus for hitchhiking behavior by different agents is already
known in the literature (phorids: Feener and Moss, 1990, vibration:
Roces and Hölldobler, 1995). In this study, we add the high density of
individuals along the trail to these agents, which constitutes a great
potential for traffic jams. Such jams generate costs ranging from leaf
delivery rate decreasing to a reduction of up to 20% in forager walking
speed (Burd and Aranwela, 2003). Also, due to traffic jams, workers
remain a longer period outside the nest, increasing the risks of

Fig. 1. Median and range of hitchhiker frequency (A) and outbound worker flow (B) in A. subterraneus, according the trail width.
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desiccation, competition (de Biseau et al., 1997) and attack by para-
sitoids (Feener and Moss, 1990). In order to avoid traffic jams and
consequent delays in returning to the nest, becoming a hitchhiker on
narrow trails could be an excellent strategy. By hitchhiking there are
two individuals occupying a smaller space when compared to these
same individuals walking along the trail. In this study, we indicated
that the hitchhiking behavior represents a new strategy to avoid traffic
jams on the trail.
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