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Task allocation ensures a high level of organization within social insect colonies. Workers

reveal their task assignment through cuticular hydrocarbon (CHC) signals. The source

and chemical composition of these signals are largely unknown. We ask whether task

recognition signals are located on particular body parts of workers of Australian meat

ants (Iridomyrmex purpureus). We analyzed the CHC profile on the antennae, legs, and

abdomens of workers engaged in different tasks. Discriminant analysis showed that the

leg profile is the best indicator of task identification. Behavioral assays confirmed this

finding: workers typically reacted differently to non-nestmates engaged in different tasks,

but not if the CHCs on the legs of their opponents were removed by a solvent. Lasso

and Elastic-Net Regularized Generalized Linear Model (GLMNET) revealed which CHC

components show the highest correlation in task and nestmate recognition, suggesting

that social insects can simultaneously convey different CHC signals on different body

parts, thereby allowing efficient signaling and signal perception.

Keywords: social insects, task recognition, cuticular hydrocarbons, body parts, GLMNET

INTRODUCTION

Social insect colonies are self-organized, with social cohesion achieved by individual workers
making simple decisions based on their interactions with other workers (Sachs, 2004). A well-
developed task discrimination signal system is crucial because it allows workers to determine the
tasks of others, assess the needs of the colony (Gordon and Mehdiabadi, 1999; Sachs, 2004) and
respond accordingly (Wagner et al., 1998; Gordon and Mehdiabadi, 1999). Understanding how
the labor force is distributed in social insect colonies therefore requires some knowledge of the
nature and source of these signals (Anderson and McShea, 2001). For example, the mechanism
of reproductive tasks signaled by queen mandibular pheromone is well understood because the
chemical components and their site of synthesis in mandibular glands are clearly defined, allowing
experimental manipulation of behavior using synthetic chemicals (Dietemann et al., 2003; Strauss
et al., 2008; Kocher and Grozinger, 2011; Nunes et al., 2014).

Cuticular hydrocarbons (CHCs) are the most abundant chemicals on the surface of ants, and
play key roles in several communication contexts, including nestmate recognition (Martin et al.,
2008; vanWilgenburg et al., 2010), task recognition (Wagner et al., 1998; Greene and Gordon, 2003;
Nascimento et al., 2013), trail marking (Hölldobler et al., 2004), recruitment of foragers (Greene and
Gordon, 2003), and queen viability and fertility signals (Cuvillier-Hot et al., 2004; Lommelen et al.,
2006; van Oystaeyen et al., 2014). The role of CHCs in communicating tasks is poorly understood.
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The main challenge to understanding these signals is to
identify their chemical components. This requires establishing a
bioassay that provides a consistent measure of signal perception;
identifying the source of the signal; and synthesizing the putative
signaling hydrocarbons. In ants, the level of aggression provides
a precise measure of task perception, because workers engaged
in different tasks not only exhibit different levels of aggression
toward non-nestmates (Sturgis and Gordon, 2013), but also elicit
different levels of aggression from non-nestmates (Nascimento
et al., 2013). Typically, studies of chemical signals use coupled
gas chromatography mass spectrometry (GCMS) to identify the
CHC profile obtained from the entire body of the insect: the
“whole body” profiles of individuals engaged in different tasks are
then compared using principal components and/or discriminant
analyses (Heinze et al., 2002; van Wilgenburg et al., 2006; Lenoir
et al., 2009; Martin and Drijfhout, 2009b). While these studies
reveal broad differences in CHC profiles across different tasks
(Wagner et al., 1998; Kaib et al., 2000; Nascimento et al., 2013;
Sturgis and Gordon, 2013), and that cocktails of CHCs elicit
different behaviors (Wagner et al., 1998; Greene and Gordon,
2003), the identity of the chemicals responsible for signaling
different tasks remain unknown. The list of putative chemicals
may be reduced substantially if signals indicating task activities,
like colony identification signals, are located on specific body
parts (see Wang et al., 2016).

Like many ants, task allocation in the Australian meat
ant Iridomyrmex purpureus is largely determined by an age
polyethism. Newly emerged workers usually tend the brood
inside the nest, gradually switching to tasks outside the nest,
including maintaining the nest surface (nest maintainers),
foraging for food (foragers), and engaging in ritualized display
behavior (displayers) with neighboring colonies (vanWilgenburg
et al., 2005). Ants can also respond to changes in the ambient
environment, allowing individuals to adjust their behavior
according to the specific needs of the colony (Gordon and
Mehdiabadi, 1999). For example, foragers and nest maintainers
may form a line of defense by displaying in large numbers when
the colony is under siege from neighbors. The ritualized display
behavior is unambiguous, and forms part of a repertoire of
increasingly aggressive behaviors directed toward non-nestmates
(van Wilgenburg et al., 2005, 2006). Display does not usually
escalate into other aggressive behavior, such as biting or fighting
and rarely results in injury or death.

Following Wang et al. (2016), who showed that workers of I.
pupureus paid more attention to the antennae of non-nestmates
and the legs of nest-mate workers, we investigate the role of
location specific CHCs in signaling task allocation in I. purpureus.
Specifically, we compare the CHC profile across different body
parts of workers engaged in different tasks. We use behavioral
assays to identify which body part profiles are most informative
of task activity, and experimentally washed chemicals from the
putative body part to confirm the role of that profile. Finally, we
use GLMNET (Friedman et al., 2009) to identify the variation in
CHC components that correlate best with the variation in task
discrimination and nestmate recognition signals. GLMNET is a
fast and reliable method of selecting variables, and resolves the
problem where the number of chemical components is larger

than the number of samples, a common issue for studies of
complex chemical signal mixtures.

MATERIALS AND METHODS

Collection of Workers
We sourced Australian meat ants (Iridomyrmex purpureus)
from colonies located in Serendip Sanctuary, 60 km south-west
of Melbourne, Victoria, Australia. All samples were collected
between January and March 2015. For chemical analyses and
behavior assays, workers of different tasks were collected from
12 distant mature colonies (six colony pairs, colonies of each
pair were at least 300 meters apart) while they were performing
specific tasks, kept temporarily in clean glass containers, and
used within 1 h after collecting to avoid any changes in
surface signals. Nest maintainers were collected when they
were carrying or moving pebbles on the surface of the nests;
foragers were collected from returning workers on foraging
trails with food (insect parts) in their mandibles. The displayers
were collected where workers were engaged in ritualized display
behavior. To avoid collecting ants from the neighboring colonies,
each displayer was placed with four workers from the home
colony, and only individuals showing no antagonistic behavior
were included.

Cuticular Hydrocarbon (CHC) Analysis
The chemical components were identified and confirmed with
gas chromatography-mass spectrometry (GC-MS) following
Wang et al. (2016). We compared the colony and task CHC
profile variation of different body parts by collecting 15 ants
(five individuals of each of three tasks) from each of four
colonies (n = 60). These individuals were freeze-immobilized
within 20min of collection, and their antennae, heads, legs,
and abdomens were dissected with a pair of surgical scissors.
Individual body parts were immersed in 200 µL hexane (HPLC
grade) for 10min to extract CHCs, dried under a nitrogen flow
and redissolved with 10 µL hexane including tridecane (100
mg/L) as an internal standard. To analyse the abundance of
each component in the signals, 1 µL samples were injected
into an Agilent 7820A gas-chromatograph with a split/splitless
injector and flame ionization detector (GC–FID) and a Zebron
ZB-5 capillary column (Phenomenex, USA; 30m, 0.25mm in
diameter, 0.25µm film thickness). The oven temperature was
raised from 75 to 260◦C at 10◦C/min, then raised to 325◦C at
5◦C/min and held for the last 5min. The injection temperature
was 250◦C, and detector temperature was 325◦C. Helium was
used as the carrier gas at a flow rate of 1.0 ml/min. The Agilent
ChemStation (E. 02.02) was used to acquire the GC-FID data,
and peak area was integrated using the default setting. We
minimized the effects of contamination by including only those
peaks that exceed 0.1% of the total peak area, and had a peak
area larger than 20 µV/s in the analysis. Peak area is usually
much larger than 20 µV/s, and anything smaller could not be
distinguished reliably from the baseline. As a result, 24 peaks
were identified in the samples of antennae and 47 peaks in the leg
and abdomen samples. The identification of CHC components
follows a previous study on this species (van Wilgenburg et al.,
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2006), but GC-MSwas also used to confirm each component. The
GC-MS analysis was carried out on an Agilent 5975C quadrupole
mass spectrometer coupled directly with an Agilent 7890A GC
and fitted with a Zebron ZB-5MS column. The MS transfer line
was set at 280◦C, the ion source adjusted to 250◦C and the
quadrupole operated at 150◦C, with the oven program the same
as the GC-FID. Helium was used as the carrier gas at a flow rate
of 0.8 ml/min.

Task Determination by Body Size
After hexane extraction, the heads of the workers were preserved
for measurements. We measured the width of the heads as
body length and body weight vary with the different nutrient
history of each individual (van Wilgenburg et al., 2005).
Workers of I. purpureus can store nectar in their crops, which
could affect their body length and weight. The heads of the
individuals were placed on an Epson 7520 scanner, and scanned
with a reference scale. The width of each head was then
measured from the scanned picture with Nano Measurer 1.2.
A total of 257 ants of the three tasks from seven colonies
were analyzed.

Behavioral Assays
Discrimination of Tasks
To test whether workers of I. purpureus can discriminate the tasks
of other workers, we conducted two-on-two aggression assays in
containers (7 cm by 10 cm) lined with fluon (Dreier et al., 2007).
The assays took place between 10 a.m. and 4 p.m., when the ants
are most active. We collected workers from 12 colonies, which
were assigned into six colony pairs. For each pair of colonies,
foragers from one colony were selected as focal ants because
their task and colony origins were easy to identify and they were
likely to have encountered different tasks of other nests. The ants
were marked individually on the dorsal surface of their thorax
with small dots of enamel paint, and allowed to acclimatize in
a holding container for at least 5min. The two focal workers
were then placed in the assay container, and two unmarked nest
maintainers, foragers, or displayers, were then gently placed into
the container. We recorded the behavior of the marked, focal
ants toward the stimulus ants, and the behavior of the stimulus
ants toward the focal ants for 3min, using a Panasonic HDC-
SD80 video camera. The video was then replayed in slow motion,
allowing us to record the number of antennations of the focal
individuals toward different body parts of their opponents and
the duration of the display behavior. Following Wang et al.
(2016), we included antennations toward the antennae and legs
only, because we rarely saw antennation toward the thorax, which
in any case had been marked with identifying paint. We recorded
the behavior of 108 focal workers and 108 stimulus workers, each
comprising three trials (six individuals) for each of the three
combinations (focal foragers with stimulus nest maintainers,
foragers, and displayers), for each of the six colony pairs. We
measured the response to non-nestmates because workers of
I. purpureus rarely respond aggressively toward nestmates. The
behavior was recorded and observed blind to the task and colony
source of the opposing ants.

Location of Task Specific Signals
To test whether the CHCs on the legs of I. purpureus convey
task specific signals, we removed the signals on their legs using a
method similar to that published previously (Wang et al., 2016).
Frontal femurs of ants of both treatments were amputated to
prevent them from grooming, which might restore the chemical
signals on legs and antennae (Lucas et al., 2004; Boroczky et al.,
2013). After freeze anesthetization at−20◦C for 3min, either one
side or both sides of the mid and hind legs of the experimental
workers were carefully immersed in cold hexane in a small glass
vial for at least 1min to removemost CHCs from the legs. Hexane
was always carefully kept away from direct contact with the
abdomen or thorax of ants, as this could have killed them. Ants
with signals from one side removed were used as controls for the
manipulation and the impact of the hexane on the mobility of
ants. After the operation, ants were allowed to recover in clean
containers for at least 15min before behavior assays, and only
individuals that showed no obvious loss of mobility were selected
for behavior assays. We placed two marked, focal foragers from
one colony of each colony pair (n = 5 pairs of colonies) into the
assay container with two manipulated nest maintainers, foragers,
or displayers from the other colony, and recorded the behavior
of the marked, focal ants for 2min. Each of the two treatments
was replicated four times between five colony pairs and three
combinations (n = 240). 92.5% (37 out of 40 individuals) of the
remaining hexane treated ants were alive 24 h after the tests, and
95.0% (38 out of 40 individuals) of the untreated ants survived
after the tests, indicating that our protocols did not significantly
reduce the viability of ants during the test. The antennation
behavior and the duration of display behavior were recorded with
the observer blind to the colony source of the opposing ants
and/or the treatment.

Statistical Analyses
Task Discrimination by Body Size
Differences in body size between colonies or task groups
were investigated using least squares ANOVA with colony
membership and task groups as main effects. These analyses were
conducted using JMP version 9 (SAS Institute).

Chemical Analyses
The relative proportions of each quantifiable peak area to that
of the total sample were calculated using the following formula:
Proportion of Area = Ai/

∑
An, where Ai = area of peak

i, and
∑

An = total peak area, and these transformed peak
areas were used for subsequent analyses. We used principal
components analysis (PCA) with the transformed peak areas to
reduce the number of describing variables for a discriminant
function analysis (DA). We extracted the resulting components
with eigenvalues which together explained at least 85% of the
total variance. We then performed discriminant analysis with
the scores produced by the PCA to investigate variation between
body-part specific profiles, and whether colonies or tasks could
be separated on the basis of the hydrocarbon profiles of different
body parts. PCA and DA were conducted using JMP version 9
(SAS Institute). Unless stated otherwise, values are means± SE.
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Behavioral Analyses
Differences in the frequency of antennation and the duration of
display behavior in the task discrimination test were analyzed
separately for the focal workers and for the stimulus workers,
using mixed effects models with task (displayer, forager, or
nest maintainer) as a main effect and colony identity as a
random effect, with the variance partitioned using restricted
maximum likelihood (REML). We used a mixed effects model
to investigate how experimental manipulation of signals located
on the legs influenced the duration of display behavior, using
task (displayer, forager, or nest maintainer), and treatment
(three vs. six legs washed) as main effects and colony
identity as a random effect, with the variance partitioned
using REML. Where appropriate, we used post-hoc t-tests.
All of these analyses were conducted using JMP version 13
(SAS Institute).

Signaling Components
Generalized Linear Modeling is an extension of regression
models designed to deal with error distributions beyond
the normal distribution. Lasso and Elastic-Net Regularized
Generalized Linear Model (GLMNET) fits a Generalized Linear
Model via penalized maximum likelihood. The regularization
path is computed for the lasso or elasticnet penalty at a grid
of values for the regularization parameter lambda. GLMNET
is efficient in determining the most important elements in a
matrix. We conducted this analysis in the R package Glmnet
Vignette (Friedman et al., 2009). For task specific signals,
we assigned the number 1–3 to nest maintainers, foragers
and displayers, respectively, as the response vectors (y). The
relative proportions of CHCs on the legs were used as the
input matrix (x). After running command cv.glmnet(x, y,
family = “multinomial,” type.multinomial = “grouped”), we
calculated the coefficient of each component using coef(cvfit,
s = “lambda.min”) command. This model generated a group
of coefficients for each task. The command coef(cvfit, s =

“lambda.1se”) gives the most regularized model such that error
is within one standard error of the minimum, which generates
another set of components with a smaller number of effective
components (Supplementary Table 1). Discriminant analysis of
colonies and tasks were conducted using these components. The
components with no coefficient are those that have little effect
in explaining the task variation. The components with positive
coefficients are those that positively correlated to the response,
and hence ants with a higher concentration of this component
have a high probability of being classified into this task. The
components with negative coefficient indicate that ants with
a higher content of this component have a lower probability
of being classified into this task or colony. The importance of
each component is correlated with the absolute value of each
coefficient. Similarly, we used colony identity as the response
vectors (y), and the relative proportion of CHCs on the antennae
as the input matrix (x) to calculate the coefficients for nest-mate
recognition signals. The selected components were used to run
an additional DA to discriminate colony or task variations using
the protocols described above.

RESULTS

Task and Colony Discriminations
According to Body-Part Profiles
The chemical profiles of CHCs on the antennae, legs and
abdomens differ according to the task of the worker
(Figures 1A–C), but the legs provide qualitatively greater
task discrimination accuracy (81.4% correct classification)
than either the antennae (71.7% correct classification) or
abdomens (69.5% correct classification). The chemical profiles
of the three body parts also show clear colony discrimination
(antennae: 78.3% correct classification, legs: 84.8% correct
classification, abdomens: 72.3% correct classification;
Supplementary Figures S1A–C).

Task Allocation and Body Size
The head width of workers, used as a measure of body size,
differs significantly according to worker task [F(2, 250) = 12.29, p
< 0.0001; REML variance component estimate of colony identity:
Wald p = 0.1025, 27.2% of the total variance; Figure 1D].
However, body size seems unlikely to be used as a cue for task
discrimination because the effect size is very small (displayers
head width 1.994 ± 0.012mm, foragers 1.955 ± 0.010mm, nest
maintainers 1.939 ± 0.011mm). While task discrimination can
be linked with body size (for example, physical castes) it is also
associated with chemical signals (Kaib et al., 2000) and sensory
structures associated with chemical communication (Wittwer
and Elgar, 2018).

Workers Can Discriminate Tasks
Our behavior assays indicate that workers of I. purpureus
vary their response to non-nestmates according to the task
of their opponent, rather than their own task. The frequency
of antennation behavior varied according to the task of the
stimulus worker [F(2, 107) = 35.43, p < 0.0001; REML Variance
component estimate of colony identity: Wald p = 0.1433, 39.5%
of the total variance], with the highest antennation frequency
directed toward displayers and foragers than to nest maintainers
(Figure 2A). The duration of display behavior of the focal worker
varied according to the task of the stimulus worker [F(2, 100)
= 14.393, p < 0.0001; REML Variance component estimate of
colony identity: Wald p = 0.144, 40.6% of the total variance].
In contrast, the behavior of the stimulus workers did not vary
with the task they were undertaking [F(2, 100) = 1.01, p = 0.37;
REML Variance component estimate of colony identity: Wald p
= 0.155, 33.2% of the total variance; Figure 2B]. Thus, workers
of I. purpureus react differently to different tasks of non-nestmate
workers, regardless of their own tasks.

Task Discrimination Signals Are Located
on the Legs
The different responses of focal workers to stimulus workers may
reflect differences in the behavior of the stimulus workers, rather
than a capacity to perceive different CHC profiles and respond
appropriately. We compared the duration of display behaviors
by focal ants toward non-nestmate stimulus workers that had
been engaged in nest maintenance, foraging or displaying, and
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FIGURE 1 | Discriminant analysis of the CHCs on different body parts and body size variation between tasks. Task discriminant analysis plots of (A) antennae,

correctly classifies 71.7% individuals, (B) legs, correctly classifies 81.4% individuals, and (C) abdomens, correctly classifies 69.5% individuals. (D) Displaying workers

are slightly larger than workers engaged in other tasks: box covers 25–75% quartiles and whiskers complete the range of values; different letters indicate significantly

(p < 0.05) different levels. (E) Task and (F) colony discriminant analysis plots using the components selected by GLMNET from legs (correctly classifies 78.0%

individuals) and antennae (correctly classifies 86.4% individuals). + marks the centroid of each group.

whose CHCs had been removed on the legs of either one (three
legs) or both (six legs) sides of their body. The variation in
the duration of display behavior was explained by a significant
task × experimental treatment interaction term [F(2, 226) =

12.420, p < 0.0001; REML Variance component estimate of
colony identity: Wald p = 0.1882, 22.9% of the total variance;
Figure 2C]. Specifically, the mean duration of displays with
forager and displayer stimulus workers was significantly lower
when six than three legs had been washed. However, the signal
removal treatment had no effect on the mean duration of
displays with nest maintainer workers. These results indicate
that the variation in the response of the focal ant arises through
differences in the chemical signal rather than the behavior of the
stimulus workers.

Identification of Active Compounds
We used GLMNET to identify which compounds contributed
the most to distinguishing between the CHC profiles on the legs
of workers engaged in different tasks. This analysis identified 21
compounds from the CHCprofile of the leg samples, including 16
branched, and five linear types that are inferred to be important
in explaining task variation. The same analysis identified 17
compounds from the antennal profile that possibly serve as
colony identity signals, including 12 branched alkanes, and

five linear types (Table 1). The importance of each component
is correlated with the absolute value of each coefficient, the
components with a positive coefficient indicate that ants with
a higher content of this component have a high probability of
being classified into this task or colony, and the components with
a negative coefficient indicate that ants with a higher content of
this component have a lower probability of being classified into
this task or colony. Interestingly, task and colony recognition
signals have very different active components, with only nine
overlapping in both signals. On the other hand, the overlap in
the compounds identified for task and colony identity signals
indicate that ants from different colonies may use the same set
of compounds to convey specific signals.

Confining the DA analysis to only the components identified
by GLMNET yielded broadly similar discrimination success:
86.4% of the individuals were classified into the right tasks using
selected leg CHCs (Figure 1E), and 78.0% of the individuals were
classified into the right colony using selected antennal CHCs
(Figure 1F; Supplementary Material).

DISCUSSION

Workers of I. purpureus can perceive task recognition signals
of non-nestmate workers, and respond accordingly. Not only
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FIGURE 2 | Antennation and aggression behavior of the focal ants toward ants of the three task groups. (A) The variation in antennation frequency of the focal ants

toward the three task groups; (B) the duration of display behavior of the focal ants toward the three stimulus task groups, and the stimulus ants toward the focal ants.

(C) Focal ants cannot discriminate tasks when the CHCs on the legs were removed in displayers and foragers, as the level of aggression was significantly reduced

(tasks: F2, 242 = 0.416, p = 0.6605; leg wash: F1, 242 = 53.56, p < 0.0001; task × leg wash: F2, 242 = 9.506, p = 0.0001; error bars indicate SEM, different letters

signify significantly different levels).

are the CHC profiles of the antennae, legs, and abdomens
different (Wang et al., 2016), but they also differ according to
the workers’ task. This ability is lost when the CHCs on the
legs are experimentally removed, indicating that these CHCs
are vital for task recognition. The chemical components
contributing the most to task and colony recognition
signals are significantly different. Further analysis using
only these particular chemical components shows improved
statistical success in task discrimination and similar colony
discrimination. This suggests that different signals can be
conveyed by a limited number of particular components
of the CHCs, greatly narrowing the search to identify
the cuticle-based chemicals that represent task and other
recognition signals.

The ability to discriminate between non-nestmate workers
according to their task allows workers to respond to different
levels of threat faced by the colony. Nest maintenance workers of
I. purpureus pose little threat to other colonies because this task
is undertaken close to the nest entrances. In contrast, foraging
workers may threaten food resources, and thus pose a higher
threat, while displayers, typically engaged in colony defense or
offense, pose the greatest threat. The ability of workers to perceive
displaying, non-nestmate workers, and respond appropriately,
may be particularly important if display behavior provides a

signal of individual or colony-level competitive ability (van
Wilgenburg et al., 2005).

Our experiments indicate that the CHCs on the legs are crucial
for task recognition in I. purpureus, expanding the evidence that
cuticular-based signaling in social insects is likely to be location
specific. Consistent with other task-specific, identity signals (e.g.,
the queen mandibular pheromone, Dietemann et al., 2003), task
recognition signals do not appear to be colony specific. However,
while the queens’ task remains largely unchanged during her
life, workers can change their task according to either long-term
colony needs, or short-term emergencies (Gordon, 1989). It is
unclear whether the task recognition signals change before or
after a change in task, which raises the intriguing question of how
the workers change the task recognition signals on their legs. Age
induced hormone or gene expression changes are associated with
activities of exocrine glands in social insects involved in different
tasks (Lengyel et al., 2007; Ueno et al., 2015), and these changes
could influence the CHCs that serve as task recognition signals
(Lengyel et al., 2007). The environment may also influence task
recognition signals. For example, the CHC profile on the legs of
Lasius niger is similar to that on the surface of the nest (Lenoir
et al., 2009): perhaps task recognition signals are at least partly
derived from the surface that each insect commonly encounters
whilst completing its task.
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TABLE 1 | GLMNET coefficient of compounds on the antennae and legs of Iridomyrmex purpureus that explain task and nestmate variation.

Antenna Leg

Compound % Mean

(±SE)

Coefficient % Mean

(±SE)

Coefficient

Colony 1 Colony 2 Colony 3 Colony 4 Nest

maintainer

Forager Displayer

n-nonadecane 7.10 ± 0.86 . . . . 3.63 ± 0.97 18.79 −1.62 −17.17

n-henicosane 1.28 ± 0.41 −13.80 33.10 −6.28 −13.02 2.11 ± 0.91 • • •

n-docosane — 2.91 ± 1.11 −26.83 38.75 −11.92

Hydrocarbon with

C22 backbone

— 0.65 ± 0.17 • • •

9-docosane 1.52 ± 0.36 46.26 −12.08 −13.95 −20.22 0.75 ± 0.27 −24.37 61.68 −37.31

n-tricosane 2.89 ± 1.01 −41.40 35.10 15.00 −8.71 7.30 ± 3.08 • • •

9- or 13-tricosane 9.98 ± 2.4 −0.39 2.02 −1.79 0.17 0.51 ± 0.54 • • •

Hydrocarbon with

C23 backbone

3.76 ± 1.85 • • • • 5.79 ± 1.43 • • •

10- or

14-tricosane

15.61 ± 2.49 • • • • 7.62 ± 1.61 • • •

n-tetracosane — 1.33 ± 0.47 • • •

1,21-docosadiene — 0.80 ± 0.27 • • •

Hydrocarbon with

C24 backbone

1.32 ± 0.43 −148.42 112.69 147.54 −111.80 2.48 ± 0.78 −2.12 −0.69 2.81

n-pentacosane 10.32 ± 1.41 • • • • 4.86 ± 1.08 • • •

11- or

13-pentacosane

— 0.69 ± 0.16 7.31 −1.68 −5.63

11, 15- or 10,

14-dimethyl

pentacosane

— 0.85 ± 0.38 • • •

n-hexacosane — 0.42 ± 0.19 • • •

n-heptacosane — 2.40 ± 1.01 • • •

11- or

13-heptacosane

— 0.48 ± 0.69 • • •

7, 11- or 7,

15-dimethyl

heptacosane

9.19 ± 3.57 15.36 −12.12 6.50 −9.73 2.92 ± 0.96 2.20 −0.68 −1.52

n-octacosane — 0.78 ± 0.28 • • •

12, 14- or 16,

18-dimethyl

octacosane

— 1.30 ± 0.73 −1.8 −0.04 1.85

Hydrocarbon with

C28 backbone

2.74 ± 1.55 • • • • 5.04 ± 2.95 • • •

n-nonacosane 0.44 ± 0.19 4.10 19.56 −126.17 102.51 1.33 ± 0.38 −6.82 9.10 −2.28

11- or 13- or

15-nonacosane

— 1.17 ± 0.36 • • •

11, 15- or 13, 17-

dimethyl

nonacosane

1.08 ± 0.27 −1.82 78.75 −128.88 48.93 0.72 ± 0.13 −1.30 −15.64 16.94

n-triacontane 0.18 ± 0.17 −0.01 −22.26 28.20 −5.94 0.48 ± 0.19 • • •

11- or 13- or

15-triacontane

0.53 ± 0.33 • • • • 1.73 ± 0.33 • • •

11, 15- or 13,

17-dimethyl

triacontane

2.00 ± 1.21 3.25 0.54 2.96 −6.76 2.73 ± 1.84 • • •

n-hentriacontane — 0.57 ± 0.4 • • •

Hydrocarbon with

C31 backbone

12.13 ± 8.1 −14.67 −14.20 10.02 18.86 10.88 ± 2.66 10.36 6.23 −16.59

(Continued)
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TABLE 1 | Continued

Antenna Leg

Compound % Mean

(±SE)

Coefficient % Mean

(±SE)

Coefficient

Colony 1 Colony 2 Colony 3 Colony 4 Nest

maintainer

Forager Displayer

11- or 13- or

15-hentriacontane

1.16 ± 0.61 12.28 96.56 −37.23 −71.60 5.47 ± 1.49 • • •

11, 15- or 13,

17-dimethyl

hentriacontane

0.34 ± 0.24 197.79 −150.70 −262.03 214.94 0.49 ± 0.47 • • •

n-dotriacontane 0.87 ± 0.19 −0.14 7.59 3.11 −9.29 0.50 ± 0.2 108.34 19.09 −127.43

Hydrocarbon with

C32 backbone

— 0.99 ± 0.6 −4.00 4.28 −0.29

12- or 13- or 14-

or 15- or 16-

dotriacontane

— 0.14 ± 0.13 25.99 5.42 −31.41

Hydrocarbon with

C32 backbone

— 0.08 ± 0.07 • • •

Hydrocarbon with

C32 backbone

— 0.27 ± 0.2 60.69 −4.59 −56.10

Hydrocarbon with

C33 backbone

1.54 ± 0.9 55.93 −24.99 4.46 −35.39 5.39 ± 1.42 1.99 −5.74 3.75

Hydrocarbon with

C33 backbone

— 2.08 ± 0.57 −46.35 42.25 4.10

11- or 13- or 15-

or

17-tritriacontane

— 0.18 ± 0.12 • • •

11, 15- or 13, 17-

dimethyl

tritriacontane

1.42 ± 0.71 • • • • 0.60 ± 0.23 70.70 −78.79 8.09

Hydrocarbon with

C34 backbone

— 0.06 ± 0.08 −154.52 202.69 −48.18

11, 13- or 15, 17-

dimethyl

pentatriacontane

— 0.97 ± 0.26 −35.76 −6.43 42.19

Hydrocarbon with

C35 backbone

— 1.31 ± 0.55 −0.22 0.12 0.09

Hydrocarbon with

C35 backbone

10.64 ± 1.78 0.48 −2.18 −13.92 11.28 4.42 ± 2.03 13.15 −7.18 −5.98

Hydrocarbon with

C35 backbone

1.92 ± 1.07 70.13 −36.80 −41.67 8.35 1.11 ± 0.38 • • •

Hydrocarbon with

C36 backbone

— 0.72 ± 0.37 • • •

The coefficients are positively correlated to the response; hence the components with a positive coefficient indicate that ants with a higher content of this component have a high

probability of being classified into this task or colony, and the components with a negative coefficient indicate that ants with a lower content of this component have a high probability

of being classified into this task or colony. The components with no coefficient number have little effect in explaining the task or colony variation. (—, components undetected; •,

components with little or no effect in explaining the variation).

Studies that attempt to identify the chemical compounds
involved in communication about task allocation have been
dogged by the number of compounds present on the insect
cuticle. Our statistical analyses have proved helpful in identifying
which components are most closely associated with particular
tasks, and thus help narrow the range of potential compounds
that may act as task recognition and nest identity signals.
The chemical components identified by GLMNET as possible
candidates for signaling compounds include mostly branched

hydrocarbons, which is consistent with other lines of evidence
suggesting that this class of hydrocarbons are likely to have
signaling functions (Martin et al., 2008; Martin and Drijfhout,
2009a; vanWilgenburg et al., 2010, 2012). However, this does not
indicate that the chemical components highlighted by GLMNET
are the actual signals used by the ants: experimental results
using synthesized components are still needed to confirm the
results. Interestingly, the vast majority of the chemicals with high
coefficient values are clearly differentiated between the two signal
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functions, despite the overlap of the CHC profile across body
parts. This suggests that not all components revealed by whole
body samples represent signals (Hölldobler et al., 2004; Martin
et al., 2008), an arrangement that likely minimizes any signal
ambiguity because it allows ants to perceive particular signals
from targeted sources, rather than having to distinguish signals
from a complex pool of CHCs, as implied in other insects (Chin
et al., 2014). Further, these data highlight the importance of
recognizing that candidate CHC signals may be location-specific,
and are thus obscured by conventional methods of analyzing the
CHCs extracted from the entire insect cuticle.
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