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Abstract. Introduction: Changes in microclimatic conditions due to land cover transformations influence varia-
tions in population life histories and the developmental patterns of organisms. These variations can have a genetic 
basis, an environmental basis, or both. Objective: To determine the differences between habitats in the foraging 
activity of Atta cephalotes in response to changes in temperature and the extent to which any such differences 
are due to phenotypic plasticity, genetic variability, or both. Methods: We performed foraging experiments; each 
colony (4 colonies sourced from pasture and 3 colonies sourced from forest) underwent eight temperature treat-
ments from 10 to 45 ºC (± 1 ºC) at 5 ºC intervals, using common garden and reciprocal transplant experiments. 
Results: We found high plasticity in the foraging activity of Atta cephalotes in response to temperature, with the 
foraging activity gradually increasing from 15 to 35 ºC. Additionally, we found no significant differences in the 
foraging activity between the colonies sourced from the pasture and forest. Conclusions: The foraging activity 
of A. cephalotes was directly proportional to temperature, with ants exhibiting thermophilic behaviors and high 
plasticity, and there were no differences in the foraging activity between colonies sourced from both habitats.
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Anthropogenic transformations of land-
scapes due to agriculture and cattle ranching 
cause ecological differences between nearby 
areas as climatic changes and reduction in 
diversity. These differences generate differen-
tial selection pressures that can cause adaptive 
changes in populations over very short time 
scales, even less than a hundred years. This 
process, known as contemporary evolution 
(Colautti & Lau, 2015; Stockwell, Hendry, & 
Kinnison, 2003), has been extensively docu-
mented in recent literature and occurs in a vari-
ety of organisms (Bone & Farres, 2001; Reznick 
& Ghalambor, 2001; Reznick, Shaw, Rodd, & 

Shaw, 1997; Stockwell & Weeks, 1999) such as 
fish, (Heath, Heath, Bryden, Johnson, & Fox, 
2003), reptiles (Phillips & Shine, 2006), mam-
mals (Pigeon, Festa-Bianchet, Coltman, & Pel-
letier, 2016), plants (Burger & Ellstrand, 2014; 
Colautti & Barrett, 2013), and insects (Singer, 
2000), including Coleoptera (Szucs, Schaffner, 
Price, & Schwarzländer, 2012) Phasmatodea 
(Farkas, Mononen, Comeault, Hanski, & Nosil, 
2013), Hymenoptera (White, 2011), and Lepi-
doptera (White, 2011).

Human activities such as agriculture and 
cattle grazing strongly modify the structure 
and composition of plant communities and 
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the physical structure of ecosystems (Nunes 
de Oliveira, Abílio de Carvalho, Trancoso 
Gomes, Fontes Guimarães, & Concepta Mar-
garet, 2017), altering nutrient cycles and their 
prevailing microclimatic regimes (Wilson, 
Liang, Wilson, & Akiwumi, 2018). Changes 
in microclimatic conditions influence varia-
tions in population life histories and the devel-
opmental patterns of organisms (Kinnison, 
Hendry, & Stockwell, 2007; Stockwell et al., 
2003). These variations can have a genetic 
basis, an environmental basis, or both (Kin-
nison et al., 2007; Stockwell et al., 2003). If 
the variation in a trait has a genetic component 
and responds to a particular microclimatic pat-
tern, it results in adaptive changes (Hoffmann 
& Sgró, 2011). There is evidence from many 
plants and animals suggesting the existence 
of heritable variations in all types of adaptive 
traits (Pigliucci, 2001), including physiological 
(Houle, 1991; Shirangi, Dufour, Williams, & 
Carroll, 2009), morphological (Arnold, 1981; 
Grant & Grant, 2006), life history (Mousseau 
& Fox, 1998), developmental and behavioral 
traits (Avise, 2008; James & Partridge, 1995).

To understand trait evolution, it is neces-
sary to consider the patterns of environmental 
heterogeneity and the ways in which natural 
selection affects the phenotypic traits of organ-
isms (Mousseau, Sinervo, & Endler, 2000). 
Because of environmental heterogeneity, local 
adaptations may arise from the differential 
effects of natural selection on a deme due to 
differences in phenotypic traits between organ-
isms. In this case, organisms are assumed to 
exhibit higher fitness under local environmen-
tal conditions than under the conditions of other 
habitats (Kawecki & Ebert, 2004; Mousseau et 
al., 2000). Differences in phenotype result from 
differences in genotype, changes in environ-
mental factors over the same genotype, or the 
interaction between genotype and environment. 

Phenotypic plasticity has been defined as 
the property of a single genotype to express 
different phenotypes across different environ-
mental conditions (Richards, Bossdorf, Muth, 
Gurevitch, & Pigliucci, 2006). This plasticity 
can be expressed by the reaction norm, which 

is a function of the genotype expression under 
specific environmental conditions. In a reaction 
norm, the x-axis represents the environmental 
gradient, and the y-axis represents the pheno-
type (Pigliucci, 2001). If there is plasticity, the 
reaction norm will have a slope different than 
zero. If there is no variation in plasticity in the 
population, all reaction norms should be paral-
lel, whereas in the absence of genetic variation 
in the trait itself, there should be a single reac-
tion norm (Mousseau et al., 2000). However, if 
there is variation in phenotypic plasticity, the 
population is represented by a set of reaction 
norms with different slopes, which indicate 
an interaction between genotype and environ-
ment. The graphical model of the genotype due 
to environmental interactions is a more formal 
statistical interaction (Mousseau et al., 2000). 
Thus, phenotypic plasticity offers a theoretical 
framework to study the influence of genes and 
the environment on the genotype (Mousseau 
et al., 2000). A trait is considered plastic if the 
test (e.g., an ANOVA) for the effect of an envi-
ronmental factor on that trait is statistically sig-
nificant (Pigliucci, 2001; Richards et al., 2006).

Leaf-cutting ants (LCAs) from the genera 
Atta and Acromyrmex (Hymenoptera: Formi-
cidae: Attini) are an ideal group for studying 
the adaptation of local populations to envi-
ronmental variations such as microclimatic 
change. These ants evolve in dry or seasonally 
dry habitats and disperse to a large variety of 
habitats (Branstetter et al., 2017). They are 
considered central-place foragers, which allow 
the monitoring of behaviors for long periods 
of time under field conditions (Burd & How-
ard, 2005). These ants are very common and 
widely distributed in the lowlands of Colombia 
(Fernández, Cartro-Huertas, & Serna, 2015). 
Atta cephalotes can develop successfully in 
different habitats and microclimatic conditions 
(Montoya-Lerma, Giraldo-Echeverri, Arm-
brecht, Farji-Brener, & Calle, 2012). A. cepha-
lotes is a common species in the Cauca Valley, 
(Chacon, Osorio-García, Achury, & Bermúdez, 
2012; Montoya-Lerma et al., 2012), a region 
that was originally forested but has undergone 
deforestation since 1550 (CVC, 1990). This 
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process has been driven by the introduction of 
cattle grazing and sugar cane plantations. As a 
consequence, the landscape includes only a few 
remaining forest fragments, which corresponds 
to less than 2 % of the original forest area 
(Arcila Cardona, Chacon, & Valderrama, 2012) 
immersed in a matrix of pastures dedicated to 
cattle grazing (CVC, 1990). The microclimatic 
conditions of the foraging trails of A. cepha-
lotes differ greatly between these two habitats 
(Bustamante, 2017). For example, the mean 
soil temperature at noon can be 5 ºC higher in 
the pasture than in the forest, and the maximum 
soil temperature can be 11 ºC higher in the pas-
ture than in the forest. Additionally, the relative 
humidity (RH) in the pasture is 15 % lower than 
that in the forest (Bustamante, 2017). Despite 
these strong differences in microclimatic con-
ditions, A. cephalotes is a common species and 
can be found in both the forest and the pasture 
(Chacon et al., 2012). Such These differences 
in temperature can act as a source of disruptive 
selection (Bennett, Dao, & Lenski, 1990) and 
generate populations that are locally adapted 
to the climatic regimes of forests and pastures 
(Kisdi, 2002).

The ability of A. cephalotes to use and 
adapt to different environments might be due 
to the following traits: (1) high genetic vari-
ability between populations, with each popu-
lation locally adapted to the conditions of 
its habitat; (2) plasticity of foraging activ-
ity, which allows the expression of differ-
ent phenotypes in response to variations in 
local environmental conditions; or (3) both 
high genetic variability and high plasticity 
(Futuyma, 2001). In this study, we used com-
mon garden experiments to determine whether 
there are differences between the habitats in the 
foraging activity of A. cephalotes in response 
to changes in temperature and the extent to 
which any of these differences are due to 
phenotypic plasticity, genetic variability, or 
both. Our hypothesis is that differences in the 
foraging activity observed between populations 
sourced from forests and pastures in response 
to changes in temperature are due to plasticity 
in foraging behavior.

MATERIALS AND METHODS

This study was conducted in the area of 
the Cauca River Valley, which is a 15 000 km2 
inter-Andean valley with a gradient ranging 
from 900 to 1 000 m.a.s.l. This area has been 
highly transformed by agriculture and cattle 
grazing since 1550 (Etter & van Wyngaarden, 
2000). Within the valley, there are only a few 
small forest remnants (covering less than 2 % 
of the original area), with an average area of 
12 ha (GEMA, 1998). The average annual 
rainfall is 1 700 mm/year with the major-
ity occurring in wet seasons (March-May and 
September-November). There are two wet and 
two dry seasons in the region throughout a year 
(Ramírez, Chacon, Armbrecht, & Calle, 2002). 
The annual average temperature is 24 °C. 
According to the Holdridge classification, the 
area corresponds to a tropical dry forest (TDF) 
(Ramírez et al., 2002).

Two sites in the Cauca Valley were select-
ed for ant collection on the Alejandría farm 
(Fig. 1), near the city of Pereira. One site, here-
after referred to as “the forest” (4°51’15” N & 
75°52’48” W), contains the original vegetation 
of a TDF (GEMA, 1998; Holdridge, Grenke, 
Hatheway, Liang, & Tosi, 1971). The forest has 
an area of approximately 13 ha, is character-
ized by low anthropic intervention and a 30 m 
high canopy and has almost 300 plant species 
(Silverstone-Sopkin, personal communication). 
The other site, hereafter referred to as “the pas-
ture” (4º51’17” N & 75º52’50” W), is represen-
tative of the matrix surrounding the forest. It is 
composed of introduced pastures established in 
the first decade of the 20th century for grazing 
Zebu cattle (Bos taurus indicus) at an average 
density of 1.5 head per hectare. The pastures 
are divided by live fences of matarratón (Gliri-
cidia sepium), mestizo (Cupania latifolia), old 
fustic (Maclura tinctoria), and tachuelo (Xan-
tansillum sp.). The studied TDF has a buffering 
effect on the temperature of the LCA foraging 
trail, resulting in differences in average tem-
perature between the two habitats during the 
hottest hours of the day. These differences are 
mostly due to higher maxima in open sites. The 
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average air temperature at noon is 24.5 ºC in 
the forest compared with 31.0 ºC in the pasture. 
These data were measured using 6 data log-
gers located 5 cm above the soil surface on the 
main foraging trail near the entrance hole of 6 
different colonies that recorded measurements 
at hourly intervals from May 18th to December 
12th of 2013 (Bustamante, 2017).

Four random small A. cephalotes colonies, 
each including the ants, queen and symbiotic 
fungus were collected from the pasture, and 
three subcolonies from different nests, each 
including the ants and symbiotic fungus but 
without the queen, were collected from the 
forest. We collected subcolonies in the forest 
because it was not possible to locate small colo-
nies in the forest. The colonies and subcolonies 
(hereafter, colonies) were collected together 

with a fungus garden volume of approximately 
2 L in January 2015; the minimal distance 
between colonies was 100 m. The colonies 
were maintained in the laboratory of Evolu-
tionary Ecology and Conservation at Pontificia 
Universidad Javeriana-Bogotá at ca. 24 °C 
under a light-dark (LD) cycle of 12:12 h. We 
maintained the temperature of the garden box 
at 24 ºC during the experiments because the 
fungal symbiont does not tolerate extreme tem-
peratures (Powell & Stradling, 1986), unlike 
the individual ants (Tizón, Wulff, & Peláez, 
2014). The aim of our study was to investigate 
how environmental temperature affects ant for-
aging. The colonies were fed black elder Sam-
bucus nigra (Adoxaceae) leaves (Adoxaceae) 
for a period of 15 days, providing the necessary 
amount of time for the colonies to rearrange 

Fig. 1. Location of the study site. The white arrow shows the forest, and the black one shows the pastures 
(top right image modified from source: ©Google earth 2019).
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their nests and establish normal development. 
To minimize any colony differences in the 
number of eggs and larvae due to queen ovi-
position behaviors, the experiments were per-
formed with the colonies at a time no more than 
two months after their collection from the field. 
We expected no differences between the colo-
nies and subcolonies in foraging activity, as has 
been found in numerous studies on LCA for-
aging ecology and food plant selection based 
on the subcolony approach, e.g., Saverschek, 
Herz, Wagner, and Roces (2010) and Thiele, 
Kost, Roces, and Wirth (2014).

To determine whether there are differences 
between the habitats in the foraging activity of 
A. cephalotes in response to changes in temper-
ature and the extent to which any such differ-
ences are due to phenotypic plasticity, genetic 
variability, or both, we performed common 
garden and reciprocal transplant experiments 
(Ballentine & Greenberg, 2010; Mousseau et 
al., 2000). For this, it was necessary to modify 
the temperature of the foraging trail without 
modifying the temperature of the garden box. 
Each nest was connected to a food box via a 
2.54 cm diameter, 50 cm long tube. The tube 
and the food box were submerged in a water 
container (Fig. 2). We ensured that the tube and 
food box were hermetically sealed. The tem-
perature of the foraging trail and the food box 
was controlled using a water bath. To homog-
enize the water temperature in the food box, we 
used a small water pump to circulate the water 
surrounding the foraging tube and food box. 
The water was heated with an immersion heat-
er. Once the desired temperature was reached 

in the food box, we recorded the temperature 
every minute to ensure that it remained con-
stant throughout each experiment. We placed 
20 fresh black elder leaves in the food box at 
the beginning of each experiment. 

To perform the foraging experiments, the 
colonies (4 from the pasture and 3 from the 
forest) underwent eight temperature treatments 
ranging from 10 to 45 ºC (± 1 ºC) at 5 ºC 
intervals. Once the connection between the 
colony and the food box was established by 
the foraging trail (in the tube) and the desired 
temperature was fixed, we allowed foraging to 
proceed for one hour to ensure a continuous 
foraging column of ants. The ants were counted 
at the observed colony’s foraging peak and one 
hour after the feeding time, and all the records 
were completed at 14 h. The response vari-
able was the number of laden ants returning to 
the colony over a five-minute period and was 
recorded using a hand counter.

We used linear regression to determine 
the relationship between foraging activity and 
temperature. Additionally, we evaluated differ-
ences in the foraging activity between colonies 
from the pasture and the forest by performing 
repeated measures ANOVA (type III sum of 
squares) with temperature and habitat as fixed 
factors and “nest” as the subject. Repeated 
measure analysis was performed because each 
nest was exposed to eight different tempera-
tures. When significant results were obtained, 
we performed specific post hoc comparisons 
between pairs of temperatures using LSD post 
hoc tests. All calculations were performed with 
R software (R Core Team, 2015).

Fig. 2. The experimental setup of the experiment comprises three boxes connected by tubes. Each box has a volume of 2 
L. The colony is housed in the fungus garden box, and the ants travel through the foraging tube to reach the leaves in the 
food box. The temperature of the water bath is controlled to regulate the temperature in the foraging tube and food box.
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RESULTS

Regardless of habitat origin, there were 
observed differences in the foraging activ-
ity of ants in response to temperature (F(7,7) 
= 22.73, P < 0.001; Fig. 3). We found high 
plasticity in the foraging activity in response 
to temperature, with foraging activity gradu-
ally increasing from 15 to 35 ºC. The increase 
in the foraging activity for ants sourced from 
both habitats was similar. Ants from the forest 
showed an increase in foraging activity from 
7.3 to 17 laden ants, while in ants from the pas-
tures; the increase was from 7.25 to 21 laden 
ants (Table 1). In this range, A. cephalotes dis-
played thermophilic behaviors, with activities 
being more than twice as high at 35 ºC than at 
15 ºC (Fig. 3). The observed foraging activity 
was a linear function of temperature within 
the range from 15 to 35 ºC, as defined by the 
following regression lines: (1) the forest nests, 
Activity = 0.46 Temperature +0.76, R2 = 0.53, 
P < 0.0018, N = 15, and (2) the pasture nests, 
Activity = 0.66 Temperature -2.7, R2 = 0.43, P 
< 0.0014, N = 20. Despite the high plasticity 
in response to changing temperature, we found 
no significant differences in foraging activity 
between the colonies from the pasture and the 
forest (F(1,7) = 0.75, P = 0.42; Fig. 3) and no 

interaction between foraging activity and the 
temperature of the foraging trail (F(7,35) = 0.27, 
P = 0.96; Fig. 3). These results indicated that 
the forest and pasture populations responded 
in a similar way to temperature and showed an 
absence of genetic differences in the plasticity 
of the foraging activity between the colonies 
from different habitats.

TABLE 1
Average number of ants carrying fragments in response to 

temperature from the forest and the pasture

Temperature
(°C)

Ants from the forest
(mean ± SE)

Ants from the pasture
(mean ± SE)

10 0 ± 0 0 ± 0
15 7.33 ± 1.2 7.25 ± 3.35
20 10.67 ± 2.4 11.75 ± 1.31
25 12 ± 2.31 11.5 ± 3.23
30 14.33 ± 2.6 17.25 ± 3.84
35 17 ± 1.73 21 ± 2.48
40 1 ± 0.58 2.75 ± 1.7
45 0 ± 0 0 ± 0

DISCUSSION

A. cephalotes showed high plasticity in 
foraging activity in response to temperature 
in both the forest and the pasture colonies 
(Fig. 3). As a thermophilic behavior, higher 

Fig. 3. Effect of temperature on foraging activity of Atta cephalotes from nests corresponding to the forest and pasture 
habitats in Cauca Valley, Colombia. Means correspond to three colonies from the forest and four colonies from the pasture. 
Error bars represent ± 1 SE of the mean; for some points, the bars are smaller than the symbols.
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foraging activity with increasing temperature 
was observed from 10 to 35 ºC, the maximum 
temperature to which the ants were observed 
foraging; foraging activity declined drastically 
at higher than 35 ºC. Additionally, the forest 
and the pasture colonies responded similarly 
to temperature changes, indicating a lack of 
genetic differences between their plasticity.

The plasticity in foraging activity, allowing 
foraging under different temperatures, might be 
the result of adaptations of A. cephalotes to 
environments in which temperature changes 
drastically within a day, such as fragmented 
forests (Opdam & Wascher, 2004). The A. 
cephalotes plasticity that we observed might 
increase the tolerance of ants to changes in tem-
perature selection regimes by allowing them to 
rapidly adjust their foraging to accommodate 
new thermal conditions. Similarly, this plastic-
ity might allow ants to rapidly acclimatize to 
changes in land cover, thereby facilitating their 
expansion into new and harsh environments 
and increasing their probability of surviv-
al (Snell-Rood, 2013). This expansion might 
include highly modified landscapes such as 
pastures, sugar cane plantations, and urban set-
tings, as has been observed throughout the neo-
tropical region (Leal, Wirth, & Tabarelli, 2014; 
Montoya-Lerma et al., 2012). Our findings 
show that natural selection will favor adaptive 
plasticity in A. cephalotes when populations 
are exposed to changing environments and that 
no single phenotype will show superior fitness 
through all environments (Ghalambor, McKay, 
Carroll, & Reznick, 2007; Moran, 1992). If the 
phenotype expressed in each habitat, i.e., forest 
and pasture, is optimal, then plasticity would 
play a beneficial role in colonizing new habi-
tats because the plastic response is in the same 
direction that is favored by directional selection 
of A. cephalotes (Ghalambor et al., 2007). 

The selection for plasticity in a trait 
depends on the relationship between temporal 
heterogeneity and the response time of the trait 
(Alpert & Simms, 2002). Under rapid envi-
ronmental fluctuations, fitness is maximized 
by the production of generalist phenotypes 
or short-term phenotypic plasticity (Fierst, 

2011). The high plasticity strategy is frequently 
observed in generalist species (Gimeno, Pas, 
Lemos-Filho, & Valladares, 2009), and LCAs 
are not an exception; for this reason, LCAs are 
the most common insect in the neotropics and 
can be found in many land cover zones with 
different microclimatic conditions (Montoya-
Lerma et al., 2012).

The observed differences in temperature 
between the forest and the pasture might have 
affected many phenotypic characteristics that 
are unrelated to foraging activity and were 
not measured in this study. For example, high 
temperatures affect ant metabolic rates, result-
ing in high respiratory rates, locomotion speeds 
and other changes (Lighton, Bartholomew, & 
Feener Jr., 1986). Moreover, the respiration 
CO2 production of A. cephalotes ants increases 
7-fold within a temperature gradient from 18 
to 42 °C (Bustamante, 2017). Each phenotypic 
trait can respond in a different way to an envi-
ronmental change; as a result, it is difficult 
to predict the evolutionary consequences of 
climatic change (Pulido & Berthold, 2004), as 
for example, the responses of ants to changes 
in temperature. However, quantifying pheno-
typic plasticity is important for understanding 
the responses of species to environmental 
changes and modeling the effects of global 
climatic changes on species distributions (Val-
ladares, Sanchez-Gomez, & Zavala, 2006). 
At the community level, the ants have shown 
thermophilic behaviors, as warming consis-
tently increased the occupancy of the nest and 
decreased extinction and nest abandonment 
(Diamond et al., 2016)

One possible explanation why we did not 
find differences between populations sourced 
from the forest and pastures is that other 
sources of selection might counteract the effect 
of temperature on the foraging activity of A. 
cephalotes. One potential source of selection 
on foraging activity is phorid flies. Bragança, 
Tonhasca and Della Lucia (1998) found that 
A. sexdens forages mostly at night in the field, 
but when colonies undergo periods of diurnal 
foraging, ants are subject to parasitism from 
several species of phorid flies. Bragança et 
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al. (1998) argue that phorids may have a sig-
nificant impact on their hosts by altering their 
foraging behavior regardless of the numerical 
values of parasitism (Bragança et al., 1998). 
Additionally, the fragile mutualistic relation-
ship between LCAs and their symbiont fungus 
might impose strong selection on ant colonies 
because the fungus is very susceptible to 
microclimatic changes (Shik et al., 2014). 
Moreover, ants of different species or colonies 
that forage at the same site compete to forage 
at times at which the ambient temperature is 
less hostile, with the dominant species foraging 
within the most suitable temperature ranges 
(Cerdá, Retana, & Cros, 1998).

Although we observed plasticity in the 
response of A. cephalotes to temperature, we 
found no evidence of genetic variation in plas-
ticity between the forest and the pasture colo-
nies based on the common garden experiments. 
They responded similarly to temperature. This 
result might be due to continuous gene flow 
between the forest and the pasture colonies, 
which would prevent genetic differentiation. 
This is a plausible explanation because mating 
apparently occurs high in the air, and many 
colonies conduct their nuptial flights during the 
same period of the day; therefore, the probabil-
ity of outbreeding is high (Moser, 1967). Addi-
tionally, the ants can change the temperature at 
which they are exposed by changing the place 
of the foraging trail; thus, the site choice plays 
an important role modifying the ant ambi-
ent temperatures (Baudier, D’Amelio, Sulger, 
O’Donnell, & O’Connor, 2018).

Development may require more stringent 
thermoregulation of pupae. Our data also sug-
gest that site choice played an important role in 
bivouac cooling under high ambient tempera-
tures at low elevations. 

The nuptial flights of all of the Atta colo-
nies belonging to the same species and living 
in the same region appear to be highly syn-
chronized (Wirth, Herz, Ryel, Beyschlag, & 
Hölldobler, 2003). Additionally, one A. colom-
bica queen is inseminated by one to five males 
(Fjerdingstad & Boomsma, 1998). Thus, it is 

feasible that an A. cephalotes queen from one 
habitat might mate with males from her own 
habitat and those from adjacent habitats, pre-
venting adaptation to local conditions (Mayr, 
1942; Slatkin, 1987). 

Another hypothesis for the lack of 
observed genetic differences in foraging activ-
ity between the forest and the pasture colonies 
involves sperm storage. The queen stores male 
sperm in the spermatheca and fertilizes eggs 
with these sperm for up to nine years (Meyer, 
Leal, & Wirth, 2009), causing genetic changes 
to occur more slowly than in populations in 
which the young males can breed with both 
young and old females and contribute different 
proportions of allele frequency. Under such 
a scenario, the nearly one hundred years that 
have elapsed since the transformation of land 
cover in the study region might be insufficient 
to generate genetic differences between the 
pasture and forest colonies. 

To conclude, the foraging activity of A. 
cephalotes was directly proportional to temper-
ature, with ants exhibiting thermophilic behav-
iors and high plasticity. Given that changes in 
temperature are one of the best indicators of 
climate disruption, driving changes in corre-
lated environmental conditions, such as relative 
humidity and solar radiation, the developmen-
tal plasticity of A. cephalotes might allow it to 
tolerate climatic global changes and colonize 
novel habitats. Thus, the high plasticity of A. 
cephalotes foraging behavior in response to 
temperature might partially explain why this 
species has become a winner species in ecosys-
tems such as pastures, crops and urban settings.

Ethical statement: authors declare that 
they all agree with this publication and made 
significant contributions; that there is no con-
flict of interest of any kind; and that we fol-
lowed all pertinent ethical and legal procedures 
and requirements. All financial sources are 
fully and clearly stated in the acknowledge-
ments section. A signed document has been 
filed in the journal archives.



971Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 67(4): 963-974, September 2019

ACKNOWLEDGMENTS

Our research was supported by a doctoral 
scholarship from the program of Doctorados 
en Colombia, convocatoria No. 511 de 2010 
- créditos beca Francisco José: de Caldas. The 
Facultad de Estudios Ambientales y Rurales, 
Pontificia Universidad Javeriana, Bogotá and 
Laboratory of Evolutionary Ecology and Con-
servation provided logistic and equipment sup-
port through Project ID 6530. We thank Felipe 
Vaughan for correcting the grammar and style 
of the manuscript and are grateful to the five 
anonymous reviewers for critically reading 
this paper.

RESUMEN

Plasticidad de “forrajeo” de Atta cephalotes 
(Hymenoptera:Formicidae) en respuesta a las diferencias 
de temperatura entre bosque y pastura. Introducción: los 
cambios en las condiciones microclimáticas debidos a la 
transformación de las coberturas vegetales genera varia-
ciones en las historias de vida de las poblaciones y en los 
patrones de desarrollo de los organismos. Estas variaciones 
pueden tener bases genéticas, ambientales o ser el resultado 
de una interacción entre ambas. Objetivo: determinar las 
diferencias en la actividad de “forrajeo” de Atta cephalotes 
en respuesta a los cambios de temperatura en dos hábitats 
adyacentes y hasta qué grado estas diferencias son dadas 
por la plasticidad fenotípica, la variabilidad genética o la 
interacción de las dos. Métodología: se realizaron experi-
mentos de “forrajeo”; cada colonia (4 colonias originarias 
de pasturas y 3 colonias originarias de bosque) se sometió 
a 8 tratamientos de temperatura de 10 a 45 ºC (± 1 ºC) a 
intervalos de 5 ºC usando experimentos de crianza común 
y transferencia recíproca. Resultados: se observó una alta 
plasticidad en la actividad de “forrajeo” de Atta cephalotes 
en respuesta a la temperatura, con un incremento gradual 
del “forrajeo” desde los hasta los 35 ºC. Adicionalmente no 
se encontraron diferencias significativas en la actividad de 
“forrajeo” entre las colonias originarias de la pastura y las 
del bosque. Conclusiones: la actividad de “forrajeo” de A. 
cephalotes, fue directamente proporcional a la temperatura, 
las hormigas mostraron un comportamiento termofílico y 
una alta plasticidad, y no hubo diferencias en la actividad 
de “forrajeo” entre colonias de los dos hábitats.

Palabras clave: hormigas arrieras; plasticidad; tempera-
tura; alteraciones microclimáticas; bosque tropical seco.
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