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Introduction

Ants (Hymenoptera: Formicidae) are social insects 
that live in colonies of varying size and population that may 
consist of only a few individuals living in a space of a few 
centimeters or count on millions of workers living in nests 
of thousands of kilometers (Wilgenburg et al., 2010; Burchill 
& Moreau, 2016). For such a social organization to function 
effectively, it is essential that the colony individuals can 
communicate efficiently (Turillazzi, 2013). In this sense, the 
most common communication among social insects is based 
on chemical compounds (Hölldobler & Wilson, 1990; Le Conte 
& Hefetz, 2008; Richard & Hunt, 2013).

Chemical communication in social insects can be 
mediated by two types of compounds, called pheromones: the 
first type is light molecules of simple chains that are secreted 
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by exocrine glands to the exterior of animal’s bodies and 
cause a specific reaction in individuals of the same species 
that capture them (Karlson & Butenandt, 1959; Karlson 
& Luscher, 1959; Yew & Chung, 2015). The second type 
has longer chains and, in general, is located on the surface 
of the cuticle of insects (Howard, 1993; Blomquist et al., 
2020). Among the compounds present in the cuticle, the 
hydrocarbons stand out, especially linear alkanes, branched 
alkanes, alkenes, and alkadienes (Brown et al., 1991; Howard 
& Blomquist, 2005; Hefetz, 2007; Blomquist & Bagnères, 2010).

Cuticular hydrocarbons (CHCs) perform multiple 
roles on the cuticle of insects (Howard & Blomquist, 1982; 
Blomquist & Bagnères, 2010). Their primary function is to 
prevent water loss (Gibbs, 1998), a significant problem for 
insects due to their small body size (Gibbs et al., 1997; Singer, 
1998; Kühsel et al., 2017). However, they also act as cues 
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or signals, which are key for communication. The mixture 
of CHCs found on the cuticle of social insects represents a 
chemical signature unique to each individual, and that varies 
between species, populations, colonies, and even between 
sexes, ages, and functions in the colony (Howard & Blomquist, 
2005; Blomquist & Bagnères, 2010; Leonhardt et al., 2016). 

The waterproofing ability of the CHCs layer depends 
on its melting point, which is directly related to its chemical 
composition (Gibbs, 1995; Sprenger et al., 2018). The 
compounds with greater aggregation and alignment between 
the molecules (i.e., the longer carbon chains and the linear ones) 
have a higher melting point (Gibbs, 1998; Gibbs & Pomonis, 
1995; Menzel et al., 2018; Sprenger et al., 2018). The literature 
mainly highlights linear alkanes as waterproofing agents (Gibbs, 
1998; Hefetz, 2007; Chung & Carroll, 2015), while branched 
alkanes, alkenes, and alkadienes are usually associated with 
communicative processes (Bonavita-Cougourdan et al., 1991; 
Dani et al., 2001; Hefetz, 2007; Murakami et al., 2015).

Studies have shown that insects adapt to the climate 
by modifying the composition of their CHCs according to the 
temperature of the environment where they live (Gibbs et al., 
1997; Rourke & Gibbs, 1999; Wagner et al., 2001; Menzel 
et al., 2017, 2018; Michelutti et al., 2018; Otte et al., 2018). 
According to Menzel et al. (2019), critical temperatures 
(between 30 and 45°C) cause the melting of the compounds 
present in the cuticle, resulting in a change in the physical 
state of the lipid layer and, consequently, an increase in 
permeability. Menzel et al. (2018), in their study with ants 
of the genus Temnothorax, showed that even under different 
temperature conditions, the individuals presented similar 
acclimatization responses, increasing the waterproofing of 
the CHCs layer. Thus, the plasticity of the compounds in the 
cuticle is crucial to avoid desiccation.

Because of CHCs’ multiple roles (Howard & Blomquist, 
1982; Blomquist & Bagnères, 2010), changes in their 
composition in response to temperature changes may alter the 
recognition ability between nestmates, disrupting the colony’s 
cohesion. Although it is known that temperature variation can, 
indeed, alter the cuticular composition (Michellutti et al., 2018), 
little is known about its effects on intracolonial recognition. 

In order to investigate how behavior is affected by 
temperature variation, we choose Odontomachus chelifer. 
These Ponerinae ant species occur in rainforests in the 
neotropical zone, ranging from Mexico to Argentina (Brown, 
2000). This genus is known by its mouthparts, which are 
specialized to close quickly when sensory bristles are triggered 
(Carlin & Gladstein, 1989). The colonies of O. chelifer vary 
in size and may contain some dozens of individuals to a few 
hundred (Fowler, 1980; Guimarães et al., 2018). 

Therefore, this study aims to evaluate the effects of 
different temperature conditions on the nestmate recognition 
of the species O. chelifer (P.A. Latreille). We hypothesize that 
nestmates may change their usual pattern of recognition when 
subjected to different temperature conditions.

Material and Methods	

Ants Sampling

Eighty foragers of the species Odontomachus chelifer 
from 5 different colonies were collected, totaling 400 ants. 
The samples were collected in the municipality of Dourados 
(22°13’24.39”S; 54°54’44.53” W) in Mato Grosso do Sul-MS, 
Brazil. Foragers were collected returning from their activity 
to the nest, thus standardizing their age (Crall, 2021). After 
sampling, the ants were stored in the laboratory under a 
constant temperature of 25 ºC, in plastic pots of 500 mL, with 
holes in the lids and sides to allow airflow, and containing 
water and honey in microtubes of 1.5 mL, as a food resource. 
The ants remained in these conditions for one day to get used 
to laboratory conditions.

Effect of Temperature Variation on the Recognition of Nestmates

After the habituation period, three groups of 10 workers 
and another of 50 workers were separated from each colony 
in 500 mL plastic pots. Two groups of 10 workers, called 
treatment groups, were placed in a Biochemical Oxygen 
Demand (BOD) chamber with a ± 2 °C variation and a light-
dark cycle of 12:12 hours. One group was kept under a 
temperature of 15 °C for 24 hours, while another was under 
30°C for the same period. The relative humidity conditions 
were maintained at 80% ± 10 by placing damped cotton balls 
in Petri dishes, and a micro tube of 1.5 mL containing honey 
and another one with water were provided as a food resource.

To control the effect of the different temperature 
conditions, the group of 50 workers was kept outside the 
BOD under a constant temperature of 25 °C. Also, to control 
the effect of the separation of the nestmate ants, another group 
of 10 workers was kept separated from the first one for 24 
hours but under the same temperature of 25 °C. Both groups 
were fed the same honey and water diet offered in microtubes. 
This procedure was adopted as a way to control because the 
separation of nestmates can prevent the homogenization of 
the cuticular chemical compounds through social interactions, 
such as group cleaning (allogrooming), which may disrupt 
the usual pattern of nestmate recognition (Richard & Hunt, 
2013). Additionally, to compare the level of aggressivity in 
intercolonial encounters (i.e., between ants from different 
colonies) with the levels of the different treatments (intracolonial), 
foragers from 3 other colonies were collected – being 20 
individuals from each colony – to carry encounters between 
non-nestmates. After the sampling, the ants were kept in the 
laboratory under the same conditions described above for 24 
hours until they acclimatized.

The temperatures under which the ants were kept in 
BOD were selected according to the maximum and minimum 
regional temperature averages for 29 years, from 1980 to 2009 
(Schneider, 2014), following the methodology suggested by 
Michelutti et al. (2018). According to the data provided by the 
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meteorological station of the Empresa Brasileira de Pesquisa 
Agropecuária – Embrapa/Oeste, the average temperature in 
the region is 21 °C, with a minimum average of 16 °C and a 
maximum of 28 °C.

To evaluate whether the adjustment to the different 
temperature conditions can lead to a change in the pattern 
of recognition among nestmates, ten paired encounters were 
induced between ants subjected to the temperature of 15 °C 
with their nestmates kept for the same period, to 25 °C. The 
same number of paired encounters were induced between 
ants kept at 30 °C and their nestmates kept at 25 °C. To test 
the separation effect, the same number of induced paired 
encounters were performed between nestmates from two 
separated groups kept at 25 °C. To evaluate whether the 
results observed during the encounters differ from the usual 
interaction pattern of nestmate ants, ten induced paired 
encounters were performed between nestmates kept under the 
temperature of 25 °C and in the same pot. Finally, to compare 
the level of aggressivity shown during these encounters with 
those between non-nestmates, ten paired encounters were 
induced between ants from 3 different colonies. It is worth 
mentioning that a pair of ants were placed to interact only 
once, regardless of the groups to which they belonged.

To evaluate whether the results might be a consequence 
of the stress related to manipulation and experimental conditions 
and not exactly by possible alteration of cuticle composition, 
ten induced paired encounters were performed between an ant 
of the group kept under 25 °C and another ant from one of the 
treatment groups killed by freezing, as has already been done 
in other studies (Morel et al., 1988; Hernández et al., 2002; 
Hernández et al., 2006). To do this, we killed the ants from 
the experimental groups (those acclimatized to temperatures 
of 15 and 30 °C) right after the paired encounters and used 
these same ants. 

To define which group of workers would start any 
aggressive act and the recognition difficulty, all ants kept 
under 25 ºC were marked with nontoxic ink in the thorax 
region right after the sampling. There was no marking in the 
encounters between ants from different colonies. 

The induced paired encounters were performed in 
rectangular plastic pots of 500 mL called “arena”. An ant 
from the group kept under 25 °C was placed in the center of 
the arena, where it was trapped inside a 50 mL plastic cup 
turned upside down. Then, an ant kept in the BOD for 24 
hours under one of the two temperatures or from the control 
group was placed in the same arena. After 1 minute, the 
plastic cup was removed, allowing the encounter between the 
two ants. Each encounter was held in an arena that had never 
been used before.

All encounters were recorded for 5 minutes without 
interruption using a camera. To minimize observer bias, the 
recordings were analyzed by a blind observer who recorded 
the occurrence and duration of each behavioral act performed 
by each ant and which ant started the behaviors.

To evaluate the level of aggressivity during the induced 
paired encounters, the behaviors displayed received a score 
scale concerning the level of aggressiveness (modified by 
Suarez et al., 1999) from 0 to 2, with 0 for touch, antennation, 
or ignore; 1 for escape, antennal boxing, body lifting and 
display of abdomen; and 2 for attempted seizure, seizure, bites 
and fight. Then, an aggression index (A.I.) was calculated using 
the following formula, adapted from Valadares et al., 2015: 

Total number of interactions scoring 1 or 2
Total number of all interactions

A.I. = 

Thus, the A.I. will be between 0 and 1, with 0 being no 
aggressiveness and 1 being the highest degree of aggression.

The antennation time during each induced encounter 
was also counted from the first contact between the ants. This 
parameter can define the difficulty of recognition between the 
workers during the interactions. When no truly aggressive 
behaviors exist, the longer antennation time may indicate 
greater difficulty recognizing nestmates (Starks et al., 1998).

Statistical Analyses

To evaluate whether the level of recognition during 
the encounters between ants kept under 25 ºC and those of 
the other treatments is significantly different from that of 
encounters between ants of the same group kept under 25 °C, 
Kruskal-Wallis tests were applied, followed by the subsequent 
Student-Newman-Keuls test, using the A.I. scores given to 
the encounters and the observed antennation times.

To evaluate whether the level of recognition in the 
encounters between live ants of the 25 °C group and dead 
ants of the 15 and 30 °C groups differs significantly from the 
encounters in which the ants of both groups were alive, paired 
Wilcoxon tests were applied, using the antennation times 
during these encounters. All the analyses were performed in 
the R software (R Core Team, 2023).

Results

A total of 33 hours of interactions between ants from 
different groups were analyzed, including the experiments 
where the tested ants were dead and the posterior intercolonial 
encounters. A total of 1.903 behavioral acts were recorded, 72% 
categorized as aggressiveness level 0 (touch and antennation) 
and 28% of aggressiveness level 1 (antennal boxing and 
display of abdomen). Behaviors categorized as level 2 occurred 
only in the intercolonial experiments, corresponding to 50% of 
these encounters being seizures, bites, and fights. The entire 
dataset of this work is available in Online Resource 1.

The mean level of aggressiveness according to A.I. 
for encounters between nestmates kept together at 25 °C was 
0.10 ± 0.15, while between nestmates kept separated at the 
same temperature of 25 °C was 0.12 ± 0.15; between ants 
from the group kept at 25 °C and their nestmates submitted to 
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15 °C, it was 0.16 ± 0.11; between ants from the group kept 
at 25 °C and their nestmates submitted to 30 °C, it was 0.19 ± 
0.15; and between non-nestmates kept separated at 25 °C was 
0.42 ± 0.76 (Figure 1). 

The Kruskal-Wallis test shows a significant 
difference between the mean level of aggressiveness during 
the different encounters of ants (p < 0.001). There is no 
significant difference between the mean A.I. scored during 
the encounters between nestmates kept together at 25 °C and 
that from encounters between these ants with their nestmates 
who were separated but kept at this same temperature  

(p = 0.203). However, the mean A.I. scored during the 
encounters between nestmates kept at 25 °C differs 
significantly from that A.I. from encounters between these 
ants with their nestmates submitted to the temperature of  
15 ºC (p = 0.008), as well as those submitted to a temperature 
of 30 °C (p < 0.001). Finally, the mean A.I. scored during 
encounters between non-nestmates is significantly different 
from all the other encounters (sets 5 and 1 p < 0.001/ sets 5 
and 2 p < 0.001/ sets 5 and 3 p = 0.009), except from that 
between ants kept at 25 °C with your nestmates submitted  
to 30 °C (p = 0.098) (Figure 1). 

Fig 1. Average A.I. in each type of induced paired encounter. Different letters indicate significant differences according 
to the Kruskal-Wallis test (p < 0.05). Captions: Set 1 – nestmates kept together under the same temperature of 25 °C; 
Set 2 – nestmates kept separated but under the same temperature of 25 °C; Set 3 – Nestmates kept separated and under 
different temperatures (25 °C and 15 °C); Set 4 – Nestmates kept separated and under different temperatures (25 °C and 
30 °C); Set 5 – Non-nestmates kept separated but under the same temperature of 25 °C.

The mean antennation time (A.T.) during the encounters 
between nestmates kept together at 25 °C was 24.5 ± 13 seconds; 
between nestmates kept separated at 25 °C was 30.5 ± 17 
seconds; between ants from the group kept at 25 °C and 
your nestmates submitted to 15 °C, it was 47 ± 20 seconds; 
between ants from the group kept at 25 °C and your nestmates 
submitted to 30 °C, the antennation time was 45 ± 31 seconds; 
and between non-nestmates, the mean antennation time was  
5 ± 17 seconds (Figure 2).

The Kruskal-Wallis test shows a significant difference 
in the antennation time between the treatments (p < 0.001). There 
is no significant difference between the antennation times seen 

during the encounters between nestmates kept together under 
25 °C and that (A.T.) from encounters between these ants with 
your nestmates who were separated but kept under this same 
temperature (p = 0.442). However, the antennation times seen 
during the encounters between nestmates kept under 25 °C 
differs significantly from that A.T. from encounters between 
these ants with their nestmates submitted to the temperature of 
15 ºC (p < 0.001), as well as those submitted to a temperature 
of 30 °C (p < 0.001). Finally, the antennation time seen during 
encounters between non-nestmates is significantly different  
from all the other encounters (sets 5 and 1 p = 0.002; sets 5 and 2  
p < 0.001; sets 5 and 3 p < 0.001; sets 5 and 4 p < 0.001) (Figure 2).
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The mean antennation time between live ants from 
the group kept under 25 °C and dead ants from the group 
submitted to 15 °C was 36.5 ± 42.3 seconds. According to 
the analysis, there is no significant difference between this 
time and that A.T. saw during interactions between live ants 
of both groups (Wilcoxon p = 0.850). The mean antennation 
time between live ants from the group kept under 25 °C and 
the dead ants of the group submitted to 30 °C was 32.5 ± 52.3 
seconds, and there is also no significant difference between 
this time and that A.T. saw during interactions between live 
ants of both groups (Wilcoxon p = 0.390). 

During the encounters, 51.5% of the behaviors, whether 
aggressive or not, were performed by the group kept under 
25 °C, and ants of the other groups performed 48.5%.

Discussion

Our results show that nestmate ants of this species 
exhibit some change in their usual recognition pattern if 
kept under different temperature conditions for at least 24 
hours. The highest level of aggressiveness observed during 
the encounters between nestmates was level 1, in which 
ants performed antennal boxing, body lifting, and abdomen 
display, which are common behavioral acts when ants are 
involved in agonistic interactions (Starks et al., 1998). On the 

other hand, the highest level of aggressiveness showed during 
the encounters between non-nestmates was 2, seizures, bites, 
and fighting. This makes the A.I. scores for these encounters 
differ from almost all the others, except for those with ants 
submitted to the temperature of 30 °C (Figure 1). These results 
suggest that temperature plays a crucial role and possibly 
affects the CHCs composition of individuals, which may 
impact how their nestmates perceive them. However, it is 
also evident that intercolonial variation in the chemical 
composition of CHC plays a more significant role in the 
dynamics of nestmate and non-nestmate recognition.

The possible change in the composition of CHCs 
suffered by the ants led to a disruption in the usual pattern of 
recognition between nestmates. However, more was needed to 
generate high aggressiveness in 90% of the encounters. This 
may be because the period they were subjected to different 
temperature conditions was not enough to cause significant 
changes in the cuticular composition, as suggested by the 
results reported by Menzel et al. (2018) on ants of the genus 
Temnothorax. Nevertheless, the statistical analysis shows that 
the A.I. and the antennation time seen in the encounters between 
nestmates kept under 25°C (separated or in the same group) 
differs significantly from those encounters between ants kept 
under 25 °C with your nestmates submitted to temperatures of 
15 or 30 °C (Figures 1 and 2). Therefore, these results suggest 

Fig 2. Average antennation time in each type of induced paired encounter. Different letters indicate significant 
differences according to the Kruskal-Wallis test (p < 0.05). Captions: Set 1 – nestmates kept together under the same 
temperature of 25 °C; Set 2 – nestmates kept separated but under the same temperature of 25 °C; Set 3 – Nestmates kept 
separated and under different temperatures (25 °C and 15 °C); Set 4 – Nestmates kept separated and under different 
temperatures (25 °C and 30 °C); Set 5 – Non-nestmates kept separated but under the same temperature of 25 °C.



Kleber L. Silva, Nathan R. Batista, William F. Antonialli-Junior – Nestmate Recognition in the Ant Odontomachus Chelifer6

that ants exposed to different temperatures underwent distinct 
adjustments in cuticular chemical composition, which can 
disrupt the process of nestmate recognition

The antennation time during the encounters reinforces 
that the ants have the process of nestmate recognition disrupted. 
Starks et al. (1998) have already assessed antennation time 
as reliable in determining the level of recognition in a study 
in which the authors performed similar encounters to those 
of this study between wasps of the species Polistes dominula 
Christ, 1791. In this case, longer antennation times were 
considered indicative of a more significant disruption in the 
process of nestmate recognition. Our results show a significant 
difference between the antennation times between ants kept 
under the same temperature (25 °C) and the antennation times 
during the encounters between ants kept for 24 hours under 
different temperatures.

 In addition, the mean antennation times and the mean 
A.I. shown in the encounters of ants kept together under 25 
°C do not differ from those from encounters of ants kept 
separated from each other but under this same temperature. 
Social interactions like trophallaxis, allogrooming, and 
body contact provide an exchange of post-pharyngeal gland 
hydrocarbons, which contributes to the formation of the 
colonial chemical profile (Meskali et al., 1995; Boulay et al., 
2000). In this sense, the absence of such interactions (e.g., by 
separation) can lead to a difference in the chemical profiles 
of individuals. Studies like Lenoir et al. (2001) and Ichinose 
and Lenoir (2009) have already shown differences in the 
composition and quantity of CHCs of individuals submitted 
to a separation regime. However, our results invalidate the 
possibility that the simple separation of two groups of ants 
would have disrupted the process of nestmate recognition.

However, the antennation time observed during the 
encounters between non-nestmates was significantly shorter 
than all the others between nestmates (Figure 2). This can be 
explained by ants from different colonies quickly identifying 
that the other ant is not a nestmate and, thus, quickly 
performing aggressive behaviors. This occurs differently 
when the ants are from the same colony, given that they are 
nestmates after all; in this case, the longer antennation time 
is considered indicative of a disruption in the usual pattern of 
nestmate recognition.

According to the literature, this disruption in the nestmate 
recognition can be explained by the alteration of the chemical 
cuticular composition (i.e., a change in viscosity induced by 
the production of new compounds) of ants that were subjected 
to different temperature conditions since the cuticle of insects 
can change to adapt to environmental pressures (Menzel et 
al., 2018; Otte et al., 2018). Although we have yet to analyze 
cuticular chemical composition to prove this hypothesis, 
studies such as those of Michelutti et al. (2018) and Duarte et 
al. (2019) reinforce our suspicions.

Temperature variation, especially higher temperatures, 
can increase the cuticle’s permeability, causing the animal to 
lose water from inside (Ramsay, 1935; Wigglesworth, 1945). 

Thus, the survival of insects depends on the plasticity of the 
compounds of their cuticle, which must adapt to the new 
condition to reduce permeability and, consequently, the loss 
of water (Menzel et al., 2018). The cuticle’s waterproofing 
ability is given by a thin lipid layer - mainly composed of 
hydrocarbons and located in the outer region of the epicuticle 
of the insects - and depends on the melting point of the 
compounds present in it. The melting point, in turn, increases 
according to the alignment and aggregation of the molecules, 
in addition to the length of the chain (Sprenger et al., 2018).

The melting point of the CHCs is essential because it is 
related to another physical property of the lipid layer: the higher 
this value for the cuticle compounds, the higher its viscosity. 
Menzel et al. (2019) refer to the cuticular chemical composition 
as a layer of wax covering the insect’s body because the CHCs 
are not completely solid at room temperature and may be 
more fluid or more viscous. This is extremely important in 
waterproofing because insects lose water when molecules 
diffuse through the hydrocarbon layer, which occurs more 
easily with the lower viscosity of liquid compounds and less 
abundance of solids (Gibbs & Rajpurohit, 2010).

Therefore, insects can increase the waterproofing of the 
cuticle by producing CHCs with stronger molecular cohesion 
and high melting points. In this way, the lipid layer becomes 
more viscous, which prevents the passage of water molecules 
(Sprenger et al., 2018). On the other hand, CHCs only act as 
signals for communication if they are liquid enough to diffuse 
and spread through the cuticle and sensiles of another insect 
(Blomquist & Bagnères, 2010).

The disruption in the nestmate recognition between ants 
of the group kept at 25 °C and ants subjected to 15 °C may 
have occurred due to the viscosity of the cuticular compounds,  
which may also be higher under conditions of lower temperatures, 
as usually happens with fluids, which solidify when reaching 
the solidification point. Sprenger et al. (2018) and Menzel et 
al. (2019) observed that extracts of the cuticular profile of ants 
acclimatized to temperatures below 20 °C present biphasic 
behavior, with part of the compounds in their solid state and 
part in the liquid state. Menzel et al. (2019) also highlight 
that the viscosity of extracts of ants acclimatized to 20 °C 
was higher than that of extracts of ants acclimatized to 25 °C.

Considering this, subjecting the ants to different 
temperature conditions may have generated an environmental 
pressure that led to a readjustment in the compounds in the 
insects’ cuticles. Indeed, Michelutti et al. (2018) observed 
that wasps subjected to conditions like this experiment had 
their cuticular composition significantly altered. As the 
adjustment of the cuticular composition happens to keep the 
internal conditions of the insect constant, the increase in the 
viscosity of the lipid layer results in the lower abundance of 
more fluid compounds, which are essential in the exchange 
of chemical signals between conspecifics. Thus, the ability to 
transmit these signals to a nestmate is impaired, which explains 
why ants spend more time antennating during encounters with 
individuals who have undergone different temperature regimes.
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Other studies have shown that wasps and ants of 
different species change their cuticular profile when exposed 
to temperature variation (Wagner et al., 2001; Menzel et al., 
2017; Michelutti et al., 2018; Sprenger et al., 2018). Duarte 
et al. (2019), studying the effects of temperature variation on 
the cuticular chemical composition of three different species 
of ants, concluded that the cuticle undergoes alteration of its 
compounds in an attempt to readjust to the new conditions. 
Although we have not evaluated whether our experimental 
conditions may have altered the composition of CHCs, one 
of the species studied by Duarte et al. (2019), Odontomachus 
bauri Emery, 1892, is an ant of the same genus, which supports 
the hypothesis that the disruption in the nestmate recognition 
exhibited during paired encounters may have occurred due to 
a change in the cuticular chemical profile of ants exposed to 
different temperatures.

Our results also show that the behaviors performed 
during the encounters were performed with relatively similar 
frequency, both by ants of the control group and by ants 
subjected to different temperature conditions to which this 
group was maintained. This shows that the level of disruption 
in the nestmate recognition displayed may, indeed, be more 
related to changes in the compounds that signal the odor of 
their colonies (Obin & Vander Meer, 1989; Leonhardt et al., 
2007; Nunes et al., 2008) than a more pronounced stress 
condition of a group due to experimental manipulation.

Although the level of aggressiveness seen in the 
intracolonial encounters may have been generated by the 
different temperatures at which the ants were kept, we also 
considered that this could be explained by the fact that 
experimental manipulation could have led the ants to a stress 
condition, which would make them intolerant, even towards 
their nestmates (Poole, 1997). However, this hypothesis can 
be ruled out when it is observed that there were no significant 
differences between the antennation times during the 
encounters between live ants and dead ants and those between 
two live ants from the different treatments. This leads us to 
believe that the level of disruption in the nestmate recognition 
displayed is not a consequence of any stress generated by 
manipulation. Indeed, our results are similar to those found in 
some studies in which encounters between dead ants and their 
nestmates were induced (Morel et al., 1988; Hernández et al., 
2002; Hernández et al., 2006). 

The results suggest that different temperatures may 
affect cues that are key for nestmate recognition. Moreover, 
although we have not performed chemical analysis of cuticles, 
there is evidence in the literature that suggests our results are 
related to the adjustment suffered by the cuticular chemical 
composition under the different temperature conditions.
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