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Abstract
Animals travelling through the environment often face trade-offs between environmental parameters such as risk, travel speed 
and ease of movement when selecting their routes. Route selection is of particular importance for central place foragers like 
ants, which collectively and repeatedly use trails to exploit stable sources of food. We investigated how colonies of meat ants 
(Iridomyrmex purpureus) select and clear trail routes when faced with semi-permeable obstructions (strips of grass turf) 
that substantially slow their travel speed. Meat ant colonies usually re-routed their trails to avoid obstructions when short 
strips of turf were laid across existing trails, but always travelled directly across the turf when avoiding the turf would have 
significantly increased travel time. No significant difference in trail clearing activity was found between the short and long 
obstruction treatments. On binary mazes, meat ants were equally likely to choose paths obstructed with turf and equal length 
smooth paths, despite much higher time costs associated with the obstructed route. Colonies always chose the shorter, turf-
covered path on mazes where the length of the smooth path was increased by 50%, suggesting that meat ants prioritise the 
minimisation of travel distance when selecting new trail routes. Meat ant route selection and clearing behaviour may reflect a 
long-term foraging optimisation strategy whereby colonies pay high short-term costs to minimise long-term travelling costs 
by selecting relatively direct, short distance trail routes which can be cleared of obstructions over time.
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Introduction

Animals moving through heterogeneous environments 
must make decisions about which routes to take and which 
routes to avoid. The energy and time costs associated with 
a particular route are shaped by environmental parameters 
including properties of the medium or substrate, climatic 

conditions, and the presence of obstructions to negotiate 
(Holt and Askew 2012; Shepard et al. 2013). Animals may 
face trade-offs between competing parameters when choos-
ing between alternative routes. For instance, migratory birds 
may trade-off between travel distance and wind factors that 
affect the cost of flight when selecting migration routes 
(Kranstauber et al. 2015), and human walkers travel longer 
distances to avoid steep slopes (Pingel 2010).

Route selection is particularly important for animals 
that establish paths used to make multiple trips between 
fixed destinations (Perna and Latty 2014). Animals may 
incur costs to establish fixed paths; for example, tunnel-
ling requires considerable metabolic output (Vleck 1979). 
In turn, animals’ path construction efforts are rewarded by 
future benefits, such as faster and less energetically costly 
travel, the aid of a navigational guide between destina-
tions, and modulation of interactions between individuals 
(reviewed in Perna and Latty 2014).

Many ant species use trails to collectively forage and 
bring resources back to a central nest. Laboratory route 
selection experiments have shown that ant species that build 
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trails via pheromone deposition tend to collectively select 
the shortest path to food when presented with a finite set of 
possible paths (Beckers et al. 1992; Garnier et al. 2009; Goss 
et al. 1989; Reid et al. 2011; Vittori et al. 2006). However, 
these experiments presented ants with uniformly featureless, 
flat paths, whereas ants in natural conditions are likely to 
take environmental heterogeneities into account when select-
ing their routes. Empirical studies have demonstrated that 
environmental factors such as slope, substrate type, substrate 
coarseness and vegetation structure affect the energy and 
time costs of locomotion in ants (Bernadou and Fourcassié 
2008; Denny et al. 2001; Fewell 1988; Holt and Askew 
2012; Loreto et al. 2013; Rockwood and Hubbell 1987).

There is some evidence that ant colonies can take envi-
ronmental factors into account when choosing a route. When 
little fire ants (Wasmannia auropunctata) encounter the 
boundary between two different substrates, they build a trail 
that minimises the travel time to their destination rather than 
a direct path (Oettler et al. 2013). Western harvester ants 
(Pogonomyrmex occidentalis) preferentially choose path-
ways with relatively little vegetation cover, which increases 
their walking speeds compared to walking on heavily veg-
etated routes (Fewell 1988). Carpenter ants (Loreto et al. 
2013) and leaf-cutting ants (Farji-Brener et al. 2007) pref-
erentially select routes over natural bridge substrates such as 
fallen branches, exposed roots, and lianas instead of leaf lit-
ter, thereby travelling a longer distance but at a faster speed 
per ant. Wood ant colonies (Formica rufa) prioritise energy 
costs over time costs, although routes are selected to mini-
mise both whenever possible (Denny et al. 2001).

In addition to the more commonly studied pheromone 
trails, some ant species also invest considerable energy 
building physical infrastructure such as tunnels, walled 
arcades, or cleared trail systems, where vegetation along 
the trail is manually cleared away (Anderson and McShea 
2001). Cleared trails are associated with species that forage 
at stable, long-lasting food sources (Cabanes et al. 2014; 
Fourcassié and Beugnon 1988; Greaves and Hughes 1974) 
and includes ant species such as Messor barbarus (Acosta 
et al., 1993), Pogonomyrmex spp. (Hölldobler, 1990), For-
mica spp. (Buhl et al., 2009), Iridomyrmex spp. (Cabanes 
et al., 2014), and Atta and Acromyrmex leaf-cutter ants 
(Farji-Brener et al. 2015; Howard 2001). Cleared trails are 
likely to provide benefits such as reducing the energy costs 
of travel, increasing walking speed, providing a better sub-
strate for pheromone deposition, and physically signpost-
ing the route (Loreto et al. 2013; Rockwood and Hubbell 
1987). Leaf-cutter ants, for example, walk four to ten times 
faster on cleared trails compared to leaf litter (Johnson and 
Hubbell, unpublished data cited in Rockwood and Hubbell 
1987). However, actively constructed, physically marked 
trails are also likely to be costly to establish and maintain 
compared to pheromone-based trails, which can be passively 

reinforced by ants as they walk (Perna and Latty 2014). A 
study measuring the energetic costs of cutting away leafy 
vegetation in Atta sexdens rubropiloso found the aerobic 
scope (the maximum sustained metabolic rate of an animal 
in proportion to its resting metabolic rate) of trail clearing to 
be extraordinarily high, comparable to or even higher than 
that of flying insects (Roces and Lighton 1995).

In trail clearing species, the costs and benefits of route 
selection and trail construction can interact because colo-
nies can actively modify their surroundings. For example, 
trail clearing ant colonies may prefer direct, short distance 
routes that are nonetheless obstructed, if the obstructions 
can be removed in the longer term via trail clearing activ-
ity. Trail clearing ant species do not always keep their trails 
clear of vegetation and other obstructions, which suggests 
that physical trail construction may be constrained by cost-
benefit considerations.

In this study, we investigated how Iridomyrmex purpureus 
meat ants balance trade-offs associated with negotiating 
obstructions in their environment when collectively select-
ing and clearing routes to food. Specifically, we conducted 
tests to investigate; (a) whether meat ants make a trade-off 
between detour distance and walking difficulty when faced 
with a choice between smooth and vegetated surfaces, and; 
(b) whether the decision to clear a trail is driven by the 
length of the detour required to avoid an obstruction. Our 
two experiments consider route selection over different time 
scales. Our first investigates long-term route choice over the 
period of a week while our maze experiments examine the 
initial path decisions of foragers in the shorter term (40 min). 
If walking across vegetation is costly, we expect ants to make 
short detours to avoid vegetation where possible, trading off 
some extra travel distance for a smoother path. The longer 
the length of a detour to avoid vegetation, the greater the 
potential benefit of clearing a path through the vegetation.

Methods

Study species

Meat ants are a common, ecologically dominant ant species 
found throughout most regions of Australia (Shattuck 2000). 
They are typically found in open savannah and woodland 
habitat where they build large conspicuous nests containing 
tens of thousands of workers (Greaves and Hughes 1974). 
Colonies are heavily dependent upon homopteran-infested 
‘food trees’ for both carbohydrates and water (Greaves and 
Hughes 1974), although they also scavenge dead insects for 
protein. Meat ants connect their nests to food trees using 
pheromone-based foraging trails that are often, but not 
always, cleared of vegetation and debris (van Wilgenburg 
and Elgar 2007 T; Latty, unpublished data). van Wilgenburg 
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and Elgar (2007) found that, on average, the distance 
between a nest and a food tree is 21.7 m, colonies main-
tain 2 food trees within their territory, and tree ownership is 
relatively stable, with 94% of 772 food trees continuously 
monopolised by their single associated colony over a 2 year 
period. Food trees are, therefore, long-term resources.

Study site

We conducted our experiments in the field using Iridomyr-
mex purpureus colonies located on the grounds of West-
ern Sydney University’s Hawkesbury campus (33°38′S, 
150°46′E). Colonies were located in a forested area adja-
cent to grassy paddocks, with nest mounds situated either 
in clearings within an open Eucalyptus forest (classified as 
Cumberland Plains Woodland) or next to a dirt track at the 
edge of the forest. Most colonies consisted of a single nest, 
but two were polydomous, each with two nests connected by 
a single trail. Each colony maintained at least one persistent 
trail to a stable food source (trees containing honeydew-
secreting insects). Since most of our colonies were on the 
dirt track or in adjacent forest, cleared trails were uncommon 
as the ground consisted either of compacted dirt or fallen 
tree vegetation, without patches of dense grass.

Experiments

For all experiments, we defined a trail as a constant flow 
of ants to and from the nest mound, with at least 10 ants 
passing a given point on the trail per minute. We conducted 
Experiment 1 between February 24th and March 10th 2015 
and Experiment 2 between April 15th and April 29th 2015 
and Sept 7th 2017 and Jan 16th 2018.

Experiment 1: collective route choice and trail 
clearing activity in response to turf strip 
obstructions

In our first experiment, we investigated whether meat ants 
trade-off between travel distance and the costs associated 
with negotiating an obstruction in the form of a strip of 
grass. Grass is an ecologically significant vegetation type for 
meat ants, as colonies are often found in savannah habitats 
(e.g. Greaves and Hughes 1974), and patches of grass are 
commonly located on possible routes between nests and food 
trees. Walking over vegetated terrain incurs higher time and 
energy costs for ants compared to walking over bare ground 
(Fewell 1988), likely because the surface of a patch of grass 
is relatively uneven and three-dimensionally complex, and 
thus mechanically challenging to negotiate. The costliness of 
walking over grass is also suggested by the meat ants’ trail 

clearing activity, where trails are often cleared of grass (van 
Wilgenburg and Elgar 2007; T. Latty, unpublished data).

We laid strips of grass turf (Cynodon dactylon couch 
grass, Windsor Turf Company) across existing meat ant 
foraging trails. These foraging trails ran over compacted 
ground and were, therefore, ‘easy’ for ants to travel along. 
The strips of turf increased the amount of vegetation ants 
needed to traverse to reach their food source if they main-
tained their original routes. Since slabs were ~ 2 cm tall 
(approximately twice the height of a meat ant), they also 
created an additional physical barrier. We chose two differ-
ent strip widths; short (0.25 × 0.5 m) and long (1.75 × 0.5 m), 
to test the expectation that ants would only choose to travel a 
small extra distance to avoid a vegetation barrier. Turf strips 
were placed across trails 1–1.5 m from the base of each nest 
mound, with the trail aligning with the midline of the long 
axis of the strip (Fig. 1).

We ran experiments over a 9-day period, measuring traffic 
and trail clearing activity 3, 5, 7 and 9 days after the turf was 
placed. On each day we measured both traffic and trail clear-
ing activity approximately once an hour three times. Traffic 
was measured between 10am and 3.30 pm, which is within 
the active period for diurnally foraging meat ants (Greaves 
and Hughes 1974).

We measured trail traffic (ants per minute) by counting 
the number of ants passing a pre-determined point on the 
trail in a 1 min period. We recorded whether ants took the 
route over the turf or made a detour around the turf strip. 
Where trail traffic was split between going over and going 
around the turf strip, we measured the two streams of traffic 
separately. We measured trail clearing activity at each time 
of measurement by counting the number of ants engaged 
in trail clearing on the surface of the turf within a 1 min 
time period. Meat ants tend to engage in clearing activi-
ties in bouts lasting several minutes, therefore, our scan 
sampling technique gave us a good indication of how many 
ants were engaged in trail clearing at that moment. An ant 
was assumed to be clearing turf if it was holding a grass 
stem between its mandibles and displaying either a tugging 
motion or an angling of the head back and forth. At the end 
of the 9 days, we removed the strips of turf and allowed 
colonies to re-form trails in the absence of the turf obstacles.

We tested a total of twelve meat ant colonies, selecting 
one foraging trail per colony. Each colony was tested under 
both treatments (short and long turf strips), with half the 
colonies selected at random to have the short turf treatment 
first, and the other half to begin with the long turf treatment. 
We gave colonies a 5-day rest period between treatments, 
which was more than sufficient time for the colonies to re-
form trails in the original location.

To test whether colonies overall were more likely to 
take a detour when confronted with an obstacle (nar-
row or wide), we used a generalised linear mixed model 
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(family = binomial, link function = logit) with the total 
number of ants crossing the grass (instead of going around 
the edge) as the dependent variable, and treatment (short 
or long obstruction) and ‘day’ as fixed effects. ‘Colony’ 
was included as a random effect to account for differ-
ences between colonies. GLMMs were fitted using the 
glmmADMB package in R version 3.2.2 (R Core Team 
2013).

To test whether ants were more likely to clear veg-
etation when they encountered the longer obstruction, 
we used a paired t-test to compare trail clearing activity 
between the turf treatments, using the cumulative number 
of trail clearers counted over the experimental period as 
the measure of trail clearing activity for each colony in 
each trial, and pairing measurements by colony. Since 
the long obstruction had greater area than did the short 
obstruction, we also calculated the number of clearer ants 
per  mm2. The differences between pairs were normally 
distributed (p > 0.05), therefore, the data met the assump-
tion of normality required to conduct a paired t-test. 
Paired t-tests were conducted in JMP Pro 9.0 (SAS).

Experiment 2: collective route choice on mazes

In our first experiment, we predicted that meat ant route 
choice would be influenced by obstacle length due to trade-
offs between travel distance and walking ease. However, it 
is possible that route choice in response to obstructions of 
different lengths placed on existing trails could be influenced 
by unwillingness on the part of the ants to stray too far from 
the original trail, or from the original direction of the trail. 
A longer obstruction requires ants to move a further dis-
tance away from the original trail, if a detour is to be made 
around it. Moving away from the trail is likely to disrupt 
orientation cues and increase the chances of getting lost, a 
situation which costs time and energy to correct, and ants 
tend to prefer to continue in the direction that a trail runs 
(Denny et al. 2001; Garnier et al. 2009). In addition, ants in 
our turf experiment were continually modifying the environ-
ment by clearing grass over the course of the experimental 
period. We addressed these issues using two types of mazes: 
a diamond-shaped symmetrical maze with equal (horizon-
tal) distance obstructed and smooth routes (Fig. 2a), and an 

Fig. 1  Experimental setup for 
experiment 1. Objects are drawn 
to scale. The broken line shows 
the position of the ant trail 
before the turf was laid down. 
a Short turf treatment. b Long 
turf treatment. The horizontal 
dotted lines demonstrate the 
positions of the decision lines 
across which we measured traf-
fic going over the turf (line in 
the middle of the turf) and traf-
fic going around the turf (line to 
the right of the turf)
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asymmetrical maze where the smooth route was 50% longer 
than the obstructed route, measured on the outside edge of 
each path (Fig. 2b). For both maze types, the bifurcation 
angle at the point where ants had to choose between the 
two paths was 60° and symmetrical, so as not to bias ants 
towards choosing a particular path based on the required 
turning angle (Jackson et al. 2004; Forster et al. 2014).

We used synthetic (plastic) turf as a semi-permeable 
obstruction in the mazes. The use of synthetic turf allowed 
us to eliminate the effect of the ants’ trail clearing activ-
ity over the course of the experiment. Ants were observed 
attempting to clear ‘blades’ of the synthetic turf, suggesting 
that they perceived the synthetic material as an obstruction 
to be cleared, but the plastic blades could not be removed or 
were only removed with great difficulty (and thus in negli-
gible amounts) by the trail clearing ants.

Each maze presented ants with two possible routes to 
a feeder containing 1M sucrose solution; one route with 
a smooth surface (the ‘smooth arm’) and the other cov-
ered with strips of synthetic turf material [the ‘turf arm’; 
(Fig. 2)]. If meat ants always prioritise horizontal travel 

distance, then they would be indifferent between the turf 
and smooth paths on the symmetrical maze, and they 
would choose the shorter turf-covered path over the longer 
smooth path on the asymmetrical maze. Alternatively, if 
ants prioritise a smooth travel surface, then they would 
choose the smooth path on both maze types, even when 
longer than the alternative, turf-covered path. The third 
possibility is that ants tradeoff between travel distance and 
the type of travel surface, which would be demonstrated by 
ants choosing the smooth path on the symmetrical maze, 
but preferring it less (or preferring the turf path) on the 
asymmetrical maze.

Mazes were constructed out of corrugated plastic (Cor-
flute™), with pieces of synthetic turf glued to the turf arm 
and the smooth arm left bare. Pieces of synthetic turf were 
glued at regular 5 cm intervals as illustrated in Fig. 2 (dimen-
sions given in figures). This was preferred over a complete 
turf covering of the arm, to avoid the black rubber underlay 
of the turf affecting the thermal properties of the obstructed 
arm. The mazes were elevated off the ground using upturned 
plastic cups placed inside plastic bowls filled with water, 

Fig. 2  Overhead view of diamond maze set-ups. For configuration 1 
(a) is the ‘symmetrical’ treatment and (b) is the ‘asymmetrical’ treat-
ment. Configuration 2 is shown for (c) ‘symmetrical’ and (d) ‘asym-

metrical’ treatments. Measurements in b c and d are the same as for 
(a), except where specified. Ants enter the mazes via the ramps on the 
left
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forcing ants to access the maze via a ramp leading to the 
beginning of the two paths.

We conducted trials in the field, setting up mazes next to 
nest mounds. Each trial began when we lowered the ramp to 
touch the surface of the nest mound. Ants were allowed to 
find and recruit to the feeder and establish a trail. We meas-
ured traffic in each direction (outbound and nest-bound) on 
each arm 40 min after the time of the first ant feeding. Traffic 
(ants per minute) was measured by counting the number of 
ants passing the midpoint of the arm in a 1-min time period.

We tested sixteen separate colonies, one nest mound per 
colony. Each colony was tested using both mazes (symmetri-
cal and asymmetrical), with half the colonies selected at ran-
dom to be tested first on the symmetrical maze and the other 
half on the asymmetrical maze. To control for any intrinsic 
directional bias on the part of the ants, for each maze type 
we built half the mazes with the turf arm on the left side, 
and the other half with the turf arm on the right side, and 
assigned these at random to the colonies being tested. All 
trials were conducted between 11 am and 4:30 pm and we 
gave colonies at least 1-week rest period between tests. We 
used newly constructed mazes in each trial. We used a non-
parametric paired Wilcoxon signed rank test with ‘ant traffic’ 
as the dependent variable and ‘maze arm’ (turf/smooth) as 
the predictor. Each treatment (symmetric and asymmetric 
mazes) was tested separately.

We excluded from analyses the data from one symmetri-
cal maze trial where there were less than 10 ants per minute 
total traffic, resulting in a total of 15 replicates for the sym-
metrical maze.

We also conducted a subset of trials using a slightly dif-
ferent maze setup designed to control for the possibility that 
meat ants might choose the grassy maze-arm as a means of 
avoiding predation, or due to the ‘smell’ of artificial grass; 
we will herein refer to this as ‘configuration 2’ (Fig. 2 c, 
d). We used the same configuration and dimensions as 
above with symmetric and asymmetric mazes, however, 
the obstructed arm was completely covered in artificial 
grass while the ‘cleared’ arm consisted of a smooth mid-
dle laneway surrounded on both sides by artificial turf. We 
tested 13 colonies (6 asymmetric, 5 symmetric); all colonies 
were randomly assigned to a treatment. Colonies were only 
tested once. We used a non-parametric paired Wilcoxon 
signed rank test with ‘ant traffic’ as the dependent variable 
and ‘maze arm’ (turf/smooth) as the predictor to determine if 
ants preferentially selected maze arm. Each treatment (sym-
metric and asymmetric mazes) was tested separately.

We also examined ‘decision strength’ which we defined 
as the proportion of foragers on whichever feeder had the 
most ants. We used a non-parametric paired Wilcoxon 
test to determine if treatment (equal or unequal maze) had 
an impact on how strongly ants preferred one feeder over 
another.

Travelling speeds on smooth vs. turf routes

To investigate whether walking over a vegetated route 
affected travelling speeds compared to walking over a 
smooth route, we measured travel times for ants walking 
over each arm (turf-covered and smooth) of the symmetrical 
maze. For each colony, we recorded approximately 60–90 s 
of video footage of the symmetrical maze set-up, filmed 
from directly above, within 5 min of measuring the rate 
of traffic for the route choice determination in the second 
experiment (see section above). We selected four colonies 
(at random) from which to measure travel times. For these 
colonies, we measured the time it took for ants to travel from 
the top of the ramp (the line joining the ramp with the rest 
of the diamond maze, see Fig. 2a) to the feeder (specifically, 
the time to touch the edge of the feeder) for 10 ants on each 
arm. To control for possible differences between the behav-
iour of outbound and nest-bound ants (Czaczkes and Heinze 
2015), we measured travel times for the same number of 
ants in each direction (5 outbound and 5 nest-bound) on 
each arm, for each colony. Therefore, in total we measured 
the travel times of 40 ants travelling across the turf arm and 
40 ants travelling across the smooth arm of the symmetrical 
maze set-up.

We fitted a generalized linear model with travel time (sec-
onds) as a dependent variable, and arm type (smooth or turf) 
and traffic as independent variables. We included traffic to 
control for the negative effect of traffic congestion on travel 
speed. We included ‘colony’ as a random variable to control 
for colony identity. We performed a natural log transforma-
tion on travel times to meet both the homogeneity of vari-
ances and normality assumptions required to perform linear 
regression, and then proceeded to fit a linear model. The 
analysis of travel times was performed in JMP PRO 9 (SAS).

As all observations were made in the field, it was not pos-
sible to perform blinded data collection.

Results

Experiment 1: Collective route choice and trail 
clearing activity in response to turf strip 
obstructions

Route choice

Colonies were more likely to re-route their trails around the 
turf when confronted with a short obstacle, than when con-
fronted with a long obstacle (Fig. 3. Z = − 5.08, p < 0.001). 
When the turf strip obstacle was short, nine out of twelve 
colonies (75%) chose to re-route their trails around the turf, 
and the remaining three colonies chose to go over the turf. 
When the turf obstacle was long, all twelve colonies chose 
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to go over the turf rather than around it, with 100% of trail 
traffic walking over the turf at peak traffic for every colony.

Trail clearing activity

We found no significant difference in trail clearing activ-
ity between the short and long turf treatments (paired 
t-test, two-tailed, p = 0.39). An average of 17 (± 6 SE) ants 
attempted clearing grass in the long obstacle treatments 
while on average 10 (± 5 SE) ants were considered clearers 
in the short obstacle treatments. Similarly, we did not find 
a significant difference between the number of ants clear-
ing per  mm2 in the short and long obstacles (paired t test, 
two tailed, p = 0.1), with 0.15 (± 0.07 SE) and 0.01 (± 0.006 
SE) ants clearing per mm2 in the short and long treatments, 
respectively.

Experiment 2: Collective route choice on mazes

Route choice, configuration 1

In the asymmetric maze, ants were more likely to walk on 
the shorter distance turf-covered arm, than on the longer, 
smoother arm (Fig. 4. p = 0.0004, t = 50.50, paired Wilcoxon 
signed rank test). A mean of 135 (± 20 SE) ants walked 
on the turf arm, compared with only 29 (± 8 SE) on the 
smooth arm. In the symmetrical maze, ants were not signifi-
cantly more likely to choose the turf or smooth arm (Fig. 4. 
p = 0.29, t = − 21.00, paired Wilcoxon signed rank test), 

with 68 (± 16.4 SE) and 107(± 21.2 SE) ants walking on the 
turf and smooth arms, respectively.

Treatment did not have a significant impact on decision 
strength (p = 0.37, t = 16). In symmetric mazes, colonies 
allocated a mean 79.5% (± 4.0) of foragers to their preferred 
option while in asymmetric mazes, colonies allocated 82.8% 
(± 4.1) to the preferred arm of the maze.

Route choice, configuration 2

In our second asymmetric maze design, ants were more 
likely to walk on the shorter turf-covered arm than on the 
longer smoother arm (p = 0.03, t = 10.50, paired Wilcoxon 
signed rank test). A mean of 194 (± 45.4 SE) ants walked on 
the turf-covered arm, compared with 125 (± 53 SE) on the 
smoother arm. In the symmetric mazes, ants did not have a 
preference for either maze arm (p = 0.31, t = − 4.5, paired 
Wilcoxon signed rank test). A mean of 128 (± 36.5 SE) ants 
walked on the turf arm, compared with 176 (± 26.5 SE) on 
the smoother arm.

Travelling speeds on smooth vs. turf routes

Ants travelled significantly faster (shorter travel times) on 
the smooth arm compared to the turf arm on the symmetri-
cal maze (generalized linear model, estimate (smooth) = 
− 15.62 ± 0.76, t = − 20.44, p < 0.001). On average, ants 
took 16.6 (± 0.8 SE) seconds to travel across the smooth 
arm, and 38.6 (± 2.0 SE) seconds to travel across the turf 

Fig. 3  The proportion of ants that take the detour around the edge 
of the turf rather than walking across the turf over the 9 days of the 
experiment. The closed circles and dashed line indicate colonies con-

fronted with a long obstruction; note that several points are obscured 
due to overlap. The ‘x’ and solid line indicates colonies confronted 
with the short obstacle
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arm. Traffic had a significant negative effect on travel time 
such that ants took longer to traverse the arms when traf-
fic flow was high (generalized linear model, estimate = 
− 0.25 ± 0.02, t = − 11.46, p < 0.001).

Discussion

Meat ants travelled a small extra distance (0.25 m) to avoid 
going through the short grass obstruction, but chose to 
cross the grass when the detour distance was much longer 
(1.75 m). These findings suggest either that ants prioritise 
short travel times, or that ants prefer more direct routes. 
The results of our two symmetrical maze experiments 
are in conflict with the travel time hypothesis, since ants 
were equally likely to travel on smooth and obstructed 
routes, despite a doubling of travel times for ants on the 
obstructed route. In our asymmetrical maze, ants preferred 
the short obstructed path to the longer, smooth path. Taken 

together, our results are consistent with the hypothesis 
that ants prefer to take a short, direct route even when 
the direct route contains obstructions that substantially 
increase travel time.

When the detour distance and angle are held constant 
(as in our symmetrical mazes), ants do not prefer the faster, 
smooth path. Meat ants appear to be insensitive to the pres-
ence of obstructive vegetation even though that vegetation 
nearly doubles their travel time. A clue to this insensitivity 
might come from the ant’s trail clearing behaviour. It is pos-
sible that meat ants disregard obstructive vegetation in the 
short-term because they are able to remove it through trail 
clearing activities in the longer term. The initial preference 
for direct routes combined with effective trail clearing along 
the shortest path ensures that, once trail clearing is com-
plete, ants will have the shortest, fastest route to the food 
source. Since meat ants forage at long-lasting, stable food 
sources, such a strategy is likely to minimise overall costs 
in the long-term.

It is possible that both the costs associated with negotiat-
ing vegetation and trail clearing are negligible at the col-
ony-level for meat ants, and thus collective route selection 
behaviour has not been selected to avoid vegetated routes. 
Although travel time on the obstructed arm of the symmetri-
cal maze was nearly double that of the unobstructed arm, the 
absolute difference in travel time was approximately 22 s. It 
is possible that this relatively small absolute difference was 
not sufficient to trigger route preference, or that travel time 
in general is not an important limiting factor in this system. 
For example, the cover of vegetation could provide anti-
predator or anti-parasitoid benefits. Future work will need to 
quantify the costs and benefits of walking through different 
types of environments.

Our two experiments occurred over different time scales 
with experiment one demonstrating long-term route selec-
tion while experiment two gave insights into short-term 
decision making. In the case of experiment two, it is pos-
sible that our time frame did not represent the final, stable 
decision of the colony. This is unlikely, however, as, even 
after the application of a conservative Bonferroni correction, 
80% of our colonies allocated significantly more than 50% 
of foragers to one side or another, strongly suggesting that 
the colony had made a ‘choice’. In the equal length maze, 
colonies tended to have strong preferences; for example, 50% 
had a significant preference for the smooth path while 31% 
had a significant preference for the turf. If our results were 
due to the colony not having settled on a collective decision, 
then we would expect to see that colonies allocated a similar 
proportion of foragers to each arm, but this is not what we 
observed in the majority of cases; indeed, colonies gener-
ally had strong preferences, allocating a mean 80% (± 3) of 
foragers to their preferred feeder. Thus, while we cannot 
rule out the possibility that our results represent a transient 

Fig. 4  The number of ants taking the smooth and turf arm. The 
width of the grey shading indicates the probability estimation kernel; 
thicker grey regions indicate that values are more likely to fall in this 
range. a Symmetric maze. b Asymmetric maze
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decision state, our results appear to show strong colony-level 
decision making at the 40 min point.

Contrary to our prediction, there was no statistically sig-
nificant effect of our treatments (short or long turf strip) 
on clearing activity. Ants began constructing cleared trails 
on both our short and long turf obstructions, despite the 
fact that most ants that encountered the short grass strip 
detoured around rather than attempting to cross the grass. 
We expected to see a strong relationship between traffic and 
trail clearing activity for two main reasons: first, high traffic 
ensures that more ants come into contact with the obstruc-
tion, as well as bringing more ants ‘on site’ to participate 
in trail clearing. In Atta colombica colonies, workers start 
trail clearing when ‘their movement is restricted’ (from Buhl 
et al. 2009, citing Shepherd 1982). Higher ant traffic would 
mean more ‘restricted’ ants, resulting in increased clearing 
activity. Second, we expect ants to make economic decisions 
about their investments into infrastructure. Assuming that 
trail clearing is energetically costly, ants should only invest 
in trail clearing when traffic is high enough for the energetic 
savings of moving along smooth routes to outweigh the costs 
of clearing the route. In their study of trail building in Atta 
ants, Bochynek et al. (2017) found that the energetic benefits 
of trail clearing alone outweighed the cost of construction 
under a large range of parameter values. A similar effect 
might be present in meat ants where the benefits of clearing 
are so high that it always makes economic sense to clear, 
irrespective of the size of the obstruction. As suggested by 
Howard (2001), trail clearing may be relatively cheap if 
worker populations number in the millions, as in leaf-cutter 
ant colonies. However, meat ant colonies have much smaller 
populations (tens of thousands, Greaves and Hughes 1974), 
therefore, we expected economic considerations to have a 
greater effect than has been observed in Atta. Interestingly, 
Bochynek et al. (2017) found that the size of the workforce 
engaged in trail maintenance activities had a strong impact 
on trail profitability such that trails could become unprofit-
able if the trail required a large number of ants to maintain 
it. Future research on meat ant trail clearing would do well 
to determine how trails are maintained, and how many ants 
are thus engaged.

Our study observed only the initial stages of trail clear-
ing over a short-term period, and much of the vegetation 
remained uncleared by the end of the 9-day experimen-
tal period. It is possible that in the long-term, once the 
original path through vegetation had been cleared, traffic 
would have been re-routed back to the original location 
of the trail. If this occurred, then it would suggest that 
meat ants shift their routes depending on what is currently 
optimal, and are able to invest in future routes by trail 
clearing in areas that are not currently being used, but may 
be beneficial to use in the future. The occurrence of veg-
etation clearing behaviour along the shortest, most direct 

route may have thus formed part of a dynamic strategy to 
optimise foraging efficiency in the long-term for meat ant 
colonies.
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