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Abstract
Tropical forests experience a relatively stable climate, but are not thermally uniform. The tropical forest canopy is hotter and 
thermally more variable than the understory. Heat stress in the canopy is expected to increase with global warming, poten-
tially threatening its inhabitants. Here, we assess the impact of heating on the most abundant tropical canopy arthropods—
ants. While foragers can escape hot branches, brood and workers inside twig nests might be unable to avoid heat stress. We 
examined nest choice and absconding behavior—nest evacuation in response to heat stress—of four common twig-nesting 
ant genera. We found that genera nesting almost exclusively in the canopy occupy smaller cavities compared to Camponotus 
and Crematogaster that nest across all forest strata. Crematogaster ants absconded at the lowest temperatures in heating 
experiments with both natural and artificial nests. Cephalotes workers were overall less likely to abscond from their nests. 
This is the first test of behavioral thermoregulation in tropical forest canopy ants, and it highlights different strategies and 
sensitivities to heat stress. Behavioral avoidance is the first line of defense against heat stress and will be crucial for small 
ectotherms facing increasing regional and local temperatures.

Keywords  Formicidae · Heat stress · Insects · Ectotherms · Thermal tolerance

Introduction

Tropical forests are biodiversity hotspots characterized by 
a relatively stable climate (Janzen 1967; Ghalambor et al. 
2006), but they are not thermally uniform. The tropical forest 
canopy is on average hotter and more variable than the litter 
below (Kumagai et al. 2001; Bujan et al. 2016). Surface tem-
peratures of branches in lowland tropical forests can exceed 
50 °C (Kaspari et al. 2015; Stark et al. 2017). These ther-
mal extremes likely are challenging for ectotherms whose 
metabolism and fitness are governed by local environmental 
temperatures (Deutsch et al. 2008; Angilletta 2009). Ecto-
therms in the lowland tropics could be exposed to habitat 
temperature maxima that are close to or higher than their 

physiological tolerance, and must use behavioral avoidance 
to escape overheating (Sunday et al. 2014). Within a tropical 
forest, canopy ectotherms are already experiencing higher 
temperatures than their understory counterparts.

The most abundant tropical canopy arthropods are the 
ants (Davidson 1997). They comprise over 90% of total 
arthropod abundance in tropical tree crowns (Blüthgen and 
Stork 2007; Dejean et al. 2007). Canopy ants are expected to 
face even higher temperatures with ongoing global warming 
(Warren et al. 2018), deforestation, and habitat fragmen-
tation (Wright 2005). Changes in microclimate caused by 
deforestation reduce the abundance of tropical ground-
nesting ants, selecting for more thermally tolerant genera in 
disturbed, hotter habitats (Boyle et al. 2020). Such changes 
in abundance and community composition are concerning, 
because ants are ubiquitous and provide a variety of impor-
tant ecosystem functions (Folgarait 1998; Philpott and Arm-
brecht 2006; Clay et al. 2013). Relative to ground-nesting 
ants, canopy ants commonly are exposed to potential heat 
stress and high thermal variability. We do not know how 
increased temperatures will affect canopy ants, or the impor-
tance of behavioral mechanisms used by arboreal ants to 
avoid thermal stress.
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Unlike canopy ants, ground-nesting ants can escape 
unfavorable temperatures by altering nest chamber position 
and depth (Tschinkel 1987; Chick et al. 2017). Similarly, 
mound-nesting ants can cool down the nest by decreas-
ing mound height and enlarging the openings (Horstmann 
and Schmid 1986; Jones and Oldroyd 2006). Most canopy 
ants nest in cavities of stems, trunks, and branches (Carroll 
1979; Philpott and Foster 2005; Tanaka et al. 2010; Cama-
rota et al. 2016) that cannot be modified quickly to facili-
tate thermoregulation. While foragers easily avoid extreme 
temperatures by changing foraging times or choosing to 
forage on cooler substrates (Spicer et al. 2017; Stark et al. 
2017), queens, brood, and nurses inside the cavity nest are 
less likely to escape thermal extremes. Exposure to thermal 
extremes, or frequent temperature variation, can be detri-
mental to ant colonies, because proper brood development 
requires optimal temperature (Abril et al. 2010; Oms et al. 
2017). Since twig-nesting ants cannot rapidly alter their 
nest properties, they must either withstand thermal stress or 
abscond (i.e., evacuate the nest).

Absconding often occurs in social insects that temporarily 
or permanently abandon their nest in response to unfavorable 
abiotic (e.g., temperature, flooding) or biotic conditions; e.g., 
predators, pathogens (Winston et al. 1979; Heinrich 1993). 
Ant colony absconding occurs in response to disturbance, 
such as army ant attacks, which causes workers to evacuate 
with brood (Droual 1983; Le Breton et al. 2007; Dejean 
et al. 2014). Litter nesting ants often abscond their nests to 
move to a superior nest site (Dornhaus et al. 2004). Thus, 
absconding behavior is a relatively common phenomenon 
among ants and occurs in response to a variety of stimuli. 
Given that leaf litter and other microhabitats in the forest 
understory experience high disturbance frequency (relative 
to canopy microhabitats) from physical factors and army 
ant raids (Kaspari 1996; Kaspari et al. 2011), we expect 
absconding behavior to be more common in ants that nest 
both in the canopy and the understory.

Here, we evaluated behavioral responses of twig-nesting 
tropical canopy ants to heat stress. We focused on four main 
questions: (1) How do the physical characteristics of twig 
nests shape their thermal properties and occupancy by focal 
ant genera?; (2) Are certain genera more likely to abscond 
in response to heat stress?; (3) Does thermal tolerance pre-
dict absconding temperature?; and (4) Does the presence 
of brood inside the nest promote absconding behavior? We 
experimentally heated natural and artificial twigs to quantify 
the behavioral responses of cavity-nesting ants to heat stress. 
We focused on ants of four common arboreal twig-nesting 
genera that differ in body size and life-history strategies.

Materials and methods

We conducted this study on Barro Colorado Island (BCI; 9° 
10′ N, 79° 51′ W) in Panama. BCI is a tropical lowland moist 
forest with an average monthly temperature of 27 °C and 
average annual rainfall of ca. 2600 mm (Leigh 1999). The 
BCI forest canopy is on average warmer than the understory 
(Bujan et al. 2016), with surface temperatures in tree crowns 
sometimes exceeding 50 °C on cloudless days (Kaspari et al. 
2015; Stark et al. 2017).

We focused on species from four common canopy ant 
genera in our natural and artificial nest trials (Table S1). Two 
of these (Cephalotes and Pseudomyrmex) are almost exclu-
sively canopy nesters, while the other two (Camponotus and 
Crematogaster) are found nesting in all forest strata, from 
the litter up to the canopy (Table S1). Thus, our four focal 
genera show differences in life-history strategies and span 
a broad range of body size both of which are likely relevant 
to their thermal tolerance limits (Table S2).

Measuring nest characteristics

We collected cylindrical natural nests occupied by the four 
focal genera from the canopy and understory of the BCI 
forest. We used calipers to measure the diameter of the nest 
cavity and thickness of the wood on two opposite sides of 
the twig to the nearest 0.1 mm. Twig cavity shape is highly 
variable, so we measured overall nest diameter externally 
(Byrne 1994). We limited nest collections to twig nests that 
were around 1 cm in diameter (median ± SE = 0.88 ± 0.04), 
a single outlier was a 3 cm woody stem. We calculated the 
total nest volume and cavity volume using the formula for 
cylinder volume (V = πr2l). Where r is the radius calculated 
as half of the total diameter or cavity diameter, and l is the 
length of the nests used in the experiments. To calculate the 
volume of the woody part of the nest, we subtracted cavity 
volume from the total nest volume.

Heating of natural nests

We trimmed all collected nests to 15 cm maximum length, 
so they could be evenly heated with a single 125 W UVA/
UVB mercury vapor heat lamp (d = 18  cm; Exo-Terra 
Solar Glo; Rolf C. Hagen, Inc.; Mansfield, MA, USA) in 
the lab. We used Type K thermocouples (model TP-01; 
Reed Instruments, Wilmington, NC, USA) to measure air 
temperature inside the nest, at the exterior underside of 
the nest, and 5 cm away from the nest (i.e., ambient air). 
The thermocouples were secured in place using insulated 
garden wire. The ants were allowed to acclimate to the 
presence of the thermocouples overnight, during which the 
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twig nest-thermocouple assembly was housed in a Fluon-
lined plastic container at 24 °C. During this time, the ants 
were provided honey water ad libitum.

We transferred each nest with the thermocouple to 
a plastic container (32 × 19 × 12 cm) lined with Fluon 
applied to the top inner margin to prevent ant escape. Two 
insulated garden wires supported the nest 5 cm above the 
bottom of the container to prevent excessively rapid heat-
ing (Fig. S1). The three thermocouples described above 
were connected to a four-channel data logger (model 
RDXL4SD; Omega Engineering, Stamford, CT, USA). 
The heat lamp was positioned 23.5 cm away from the 
nest surface at the beginning of the experiment. When the 
recorded temperature was stable for 1 min, the experimen-
tal container was gradually elevated closer to the lamp to 
generate an average heating rate of 0.87 ± 0.04 °C min−1 
(range = 0.4–2.1 °C min−1). We stopped the heating trial 
when the temperature inside the nest reached 50 °C, as this 
was near the maximum temperature previously recorded 
on branch surfaces in the canopy of this forest (Kaspari 
et al. 2015; Stark et al. 2017). We did not record the sur-
face temperatures needed to attain an internal temperature 
of 50 ºC. However, we conducted a preliminary survey of 
nest temperatures in the tree crowns by inserting thermo-
couples in the middle of natural nests of different cavity 
volumes and recording temperature inside of the nest every 
2 s, for 2–3 days. Maximum temperature recorded inside 
of natural nests of different sizes exceed 40 °C in almost 
¼ of the nests (Table S3).

During the heating trials, we recorded the number of 
ants outside the nest at 1-min intervals. We also recorded 
the time and temperature of any observed changes in their 
behavior. We recorded the time and temperature at which 
the first worker exited the nest, and if and when any brood 
were carried out. We recorded absconding temperature as 
the temperature corresponding to a rapid mass exodus of 
workers from the nest (usually > 10 workers exiting fast, 
at the same time). Absconding was obvious for most gen-
era, except Pseudomyrmex workers, which usually exited 
singly. Thus, for Pseudomyrmex, we recorded absconding 
temperature as the temperature at which the maximum 
number of workers was out of the nest. At the end of each 
heating trial, we sealed the nest entrances with cotton and 
counted the number of nest members found outside of 
the nest (i.e., workers, brood, males, virgin queens, and 
queens). We then opened the nest and counted the remain-
ing nest members inside the twig. Most lab heating nest 
trials were done in the morning or afternoon, and we tested 
for the effect of time of day on absconding temperature and 
proportion of absconded workers.

Heating of artificial nests

Natural nest architecture and properties (e.g., wood thick-
ness, cavity size, wood density, initial moisture content) were 
highly variable, so we repeated the heating experiment with 
ants occupying artificial nests (cardboard cylinders 0.4 cm in 
diameter and 15 cm long). We evicted ants from their natural 
nests and offered them the cardboard nest with a thermocou-
ple pre-installed in the middle. Artificial heating trials were 
conducted as described above with an average heating rate 
of 0.85 ± 0.02 °C min−1 (range = 0.5–1.3 °C min−1).

We chose cardboard nests, because they were readily 
accepted as surrogate nest sites by all four focal genera. 
Other materials like plastic straws and glass tubes were never 
accepted by Cephalotes spp. and were rejected by some spe-
cies of Pseudomyrmex. We used glass test tubes covered 
with red cellophane paper to simulate a dark environment 
for large Camponotus species (e.g., C. atriceps), because 
these species were too large to occupy the cardboard nests. 
Camponotus ants readily colonized any provided cavity.

Data analysis

We used Kruskal–Wallis tests to compare nest properties 
across ant genera, as the data were not normally distributed 
and sample sizes differed among groups. We used Dunn’s 
post hoc test with adjusted P values for multiple compari-
sons (Holm 1979) to determine significant differences 
among genera. We used generalized linear mixed-effect 
models (GLMMs) with a glmer function and binomial error 
distribution to determine which factors best predict the pro-
portion of workers outside the nest at the end of a heating 
trial (i.e., absconded workers).

We examined the variability in absconding temperature 
in natural and artificial nests with the lmer function using a 
Gaussian error distribution (lmerTest package; Kuznetsova 
et al. 2017). In both cases, we used genus and proportion of 
brood in the nest as fixed factors. Nest identity was treated 
as a random factor. We used pairwise comparisons to deter-
mine differences between genera with the emmeans func-
tion (Lenth et al. 2018). To examine the effect of circadian 
rhythm on absconding temperature and the proportion of 
absconded workers, we added start hour as fixed factor to 
the full model. Time of day did not affect absconding tem-
perature in natural (F1,56 = 0.12, p = 0.73) or artificial nests 
(F1,58 = 0.24, p = 0.62). The proportion of absconded work-
ers was also not affected by the time of day in natural or 
artificial nests, so this variable was omitted from subsequent 
analyses (GLMMnatural: β = 0.04, SE = 0.02, z (1.5), p = 0.12; 
GLMMartificial: β = 0.02, SE = 0.04, z (0.5), p = 0.63). All the 
analyses were performed in R version 3.6.2 (R Core Team 
2019).
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Results

Nest specificity

The common canopy nesting genera, Cephalotes and Pseu-
domyrmex, collected in this study nested in smaller and less 
size-variable cavities than Camponotus and Crematogaster 
(Fig. 1A, χ2 = 25.2, df = 3, p < 0.001). The total volume of 
the wooded nest cylinder did not differ among focal ant 
genera (χ2 = 2.85, df = 3, p = 0.42). Nests of Cephalotes and 
Pseudomyrmex had a low cavity-to-wood ratio compared 
to the nests of Camponotus and Crematogaster (Fig. 1B; 
χ2 = 19.6, df = 3, p = 0.0002). Thus, genera that were pre-
dominantly canopy nesters (Table  S1, Cephalotes and 
Pseudomyrmex) were found in twigs with relatively small 

cavities, and high proportion of wood relative to the cavity 
size. Their nests were usually tightly packed with workers 
and brood. Cephalotes nests were slower to heat up com-
pared to the nests of Camponotus (Fig. 2; χ2 = 9.0, df = 3, 
p = 0.03). However, the heating rates of artificial nests did 
not differ between genera (Fig. 2; χ2 = 5.4, df = 3, p = 0.14).

Absconding temperature

Overall, Crematogaster absconded at a lower average tem-
perature than all other genera in natural (40.2 ± 1.1 ºC) and 
artificial nests (41.0 ± 0.9 ºC). Genus identity was the only 
significant predictor of absconding temperature in both natu-
ral (Fig. 3; F3,36 = 5.0, p = 0.005) and artificial nests (Fig. 3; 
F3,24 = 8.8, p < 0.001). Although the optimal model con-
tained the proportion of brood per nest, this variable was not 
a significant predictor of absconding temperature. Average 
absconding temperatures were generally higher in artificial 
vs. natural nests for all genera except Camponotus, which 
consistently absconded at 44 °C. Cephalotes and Pseudo-
myrmex absconded at the same temperature in both types 
of nests (Fig. 3).

Absconding behavior

Generally, there was no difference among genera in 
the proportion of absconded workers in natural nests 
(Fig. 4), although on average lower proportion of Cepha-
lotes absconded (GLMM: β = − 1, SE = 0.54, z (− 1.9), 
p = 0.0629). By contrast, a significantly higher proportion 
of Crematogaster workers absconded from artificial nests 
(Fig. 4; GLMM: β = 2.5, SE = 0.6, z (4.4), p < 0.001). Over-
all, Cephalotes had the lowest proportion of workers aban-
doning heated artificial nests (Fig. 4; GLMM: β = − 1.5, 
SE = 0.75, z (− 2.0), p = 0.045).

Camponotus and Crematogaster consistently evacuated 
brood from heated nests (83% and 90% of cases), whereas 
this rarely occurred in Pseudomyrmex and Cephalotes (5% 
and 17%, respectively). The latter genera generally aban-
doned their brood when exposed to heat stress. Nests of 
Pseudomyrmex and Cephalotes are tightly packed with 
brood and workers, and workers of Cephalotes occasion-
ally were trapped between brood, ultimately leading to their 
death. Pseudomyrmex was the only genus that did not show 
clear absconding behavior, and the genus with the high-
est proportional brood content across all genera (Fig. S2; 
GLMM: β = 1.2, SE = 0.4, z (3.3), p = 0.0008).

Ant behaviors during heating trials were relatively con-
sistent. Typically, a single ant left the nest at the begin-
ning of the trial, explored the exterior of the nest and its 
surroundings, and then either re-entered the nest or stayed 
outside. On many occasions, this behavior happened 
repeatedly before additional workers began to evacuate 

Fig. 1   Box-and-whisker plots of cavity volume (A) and the ratio of 
cavity volume and side volume (B) of natural twig nests for the four 
focal genera used in this study: Cephalotes (N = 7), Pseudomyrmex 
(N = 23), Camponotus (N = 35), and Crematogaster (N = 23). Sample 
size (N) refers to the total number of nests tested
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the nest. Upon exiting the nest, workers cleaned their 
antennae, and sometimes the first and second pair of legs. 
Once workers absconded the nest, they usually remained 
outside, frequently gathering below the nest, or in other 
cooler areas of the plastic container.

Discussion

Increasing global and regional temperatures are predicted 
to be most detrimental for tropical ectotherms (Deutsch 
et al. 2008; Sunday et al. 2014; Diamond and Chick 2018), 
while deforestation is continuing to cause extreme warm-
ing at the local scale (Zeppetello et al. 2020). Given these 
changing conditions, ectotherms like ants will increasingly 

Fig. 2   Heating rate of four focal genera measured in natural nests (left panel) and artificial nests (right panel). Only Cephalotes nests were 
slower to heat up compared to Camponotus in natural nests (p = 0.03), based on Dunn’s post hoc tests

Fig. 3   Absconding temperature across genera in natural and artificial 
nests. Only Crematogaster absconded at significantly lower temper-
atures compared to other genera in natural (p = 0.005) and artificial 
nests (p < 0.001). Horizontal lines represent average critical thermal 

maximum (CTmax) for each genus. CTmax of Cephalotes and Pseudo-
myrmex are shown with solid lines in light gray color, and Campono-
tus and Crematogaster in dark gray and dashed lines. Colors of hori-
zontal lines correspond to boxplot colors of each genus
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depend on behavioral thermoregulation to avoid heat 
stress, as many are already living at their physiological 
thermal limits (Sunday et al. 2014). Behavioral avoidance 
of thermal extremes is well documented in foraging ants 
(Marsh 1988; Spicer et al. 2017; Stark et al. 2017; Villalta 
et al. 2020), but the effects of thermal extremes on nest site 
occupancy in the tropical forest canopy have been unex-
plored until now. Here, we show that tropical canopy ants 
abscond their nest in response to heat stress. Camponotus 
and Crematogaster, genera commonly nesting across all 
forest strata used a broader variety of nesting sites (Fig. 1). 
Camponotus nests tended to heat up faster, which might 
be why this genus was more likely to evacuate with brood. 
Heat avoidance strategies differed between genera, sug-
gesting that they might be differentially impacted by heat 
stress challenges.

Deforestation creates thermally stressful habitats for ants 
(Boyle et al. 2020) and reduces the number of potential nests 
sites. This might be particularly damaging for Cephalotes 
and Pseudomyrmex which are more selective in their choice 
of nest sites, and preferentially nest in the canopy. We found 
that Cephalotes nested in smaller cavities that were slower 
to heat up, suggesting that the choice of nests might mitigate 
the effect of heat stress. One-way social insects passively 
thermoregulate their nests by choosing an adequate nest 
location (Jones and Oldroyd 2006), and this behavior even 
occurs in army ants, which are nomadic and endothermic 
(Soare et al. 2011; Baudier et al. 2019). Nest site selection 
in Cephalotes is also governed by the ability to defend their 
nests (Powell 2016), and Cephalotes are able to survive 
longer in nests that are easier to defend (Powell et al. 2017). 
Thus, these two nest characteristics—thermoregulatory 

properties and defensibility—presumably promote nest site 
specialization.

Absconding temperatures were relatively consistent 
among three of the focal genera, whereas Crematogaster 
absconded at lower temperatures with a higher proportion 
of absconded workers. Lower absconding temperature in 
Crematogaster is not caused by lower heat tolerance, as the 
average critical thermal maximum of Crematogaster spp. 
in this forest is 50 °C (Bujan et al. 2016). A similar pattern 
was recorded for seed harvesting ant populations, where 
worker heat tolerance was not a good predictor of behav-
ioral thermoregulation at the colony level (Villalta et al. 
2020). Instead, heat stress likely is perceived as disturbance; 
we consistently observed Crematogaster exhibiting gaster 
flagging defense behavior during heating trials. Given that 
Crematogaster and Camponotus brood are a common prey 
of army ants (Powell and Franks 2006; Hoenle et al. 2019) 
and absconding is a typical behavioral response to army ant 
attack, we expected both genera to be especially sensitive to 
disturbance and thus abscond at lower temperatures. Addi-
tionally, brood of these genera might be more sensitive to 
heat, as brood developmental temperature is lower in ants 
with lower CTmax (Penick et al. 2017).

Camponotus workers consistently absconded at 44 °C in 
both natural and artificial nests. We hypothesize that low 
variability in absconding temperature in this genus could 
be due to similar brood rearing requirements in Campono-
tus species, causing their thermoreceptors to be tuned into 
the same stressful temperature. This merits further exami-
nation by testing brood rearing preferences and absconding 
temperature for each studied species. Moreover, examin-
ing relatedness between species could help understanding 

Fig. 4   Proportion of the workers that absconded from heated natural and artificial nests. Crematogaster absconded from artificial nests in higher 
proportion than the rest of the genera (p < 0.001)
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if these species specific requirements like optimal brood 
rearing temperature and absconding temperature are phy-
logenetically constrained.

Differences in worker size contribute to differences in 
absconding temperature among Camponotus and Crema-
togaster. For example, the average Camponotus worker is 
ca. 16 times larger than the average Crematogaster worker 
(Table S2), and thus will heat up more slowly. Cremato-
gaster is the smallest of the four tested genera, and among 
tropical ants, smaller species are generally more prone 
to heat stress (Kaspari et al. 2015; Baudier et al. 2018). 
Body size alone may be most important when heating is 
conductive, as is the case inside a nest, while body color 
and pilosity together with convective heating impact ant 
heating rates outside the nest (Spicer et al. 2017). Worker 
body size did not predict cavity size selection, as both 
Camponotus and Crematogaster nested in larger cavities. 
In contrast, worker size was positively correlated with 
entrance sizes in cavity-nesting ants that use wood-boring 
beetle cavities (Priest et al. 2021), potentially because of 
different nests types and species sampled.

Inside the nest workers are fine-tuned to temperature 
requirements of the brood and will choose the optimal tem-
perature for brood development (Roces and Núñez 1989). 
Thermal sensitivity of juvenile insects often differs from 
the adult stages that are predominantly used in thermal 
experiments, but data on thermal sensitivity of insect early 
developmental stages are scarce (Kingsolver and Buckley 
2020), ants being no exception (Roeder et al. 2021). Brood 
is the most thermally sensitive part of an ant colony, and 
subtropical ants tend to choose a single thermal optimum 
for brood development (Roces 1995). Mound-building 
ants actively relocate brood to track changes in nest tem-
perature (Porter and Tschinkel 1993; Penick and Tschin-
kel 2008; McCaffrey and Galen 2011), but twig-nesting 
ants have a limited amount of space for brood transloca-
tion. However, single colony of canopy ants often occu-
pies multiple nest sites (Powell 2009; Jiménez-Soto and 
Philpott 2015; Mathis et al. 2016) and such polydomous 
strategy potentially circumvents this problem. Polydomy 
was proposed to be one of the mechanisms to avoid ther-
mal stress in ground-nesting Myrmica, but with limited 
support (Banschbach et al. 1997). Generally, polydomy is 
considered to evolve to maximize resource acquisition or 
spread the risk from predation, parasitism, or environmen-
tal stochasticity (Debout et al. 2007; Robinson 2014). In 
an already thermally variable habitat, such as the canopy, 
heat stress might be another mechanism for the evolution 
of polydomy. Currently, we do not know the optimal brood 
development temperatures of canopy ants, or how canopy 
ants choose the number and distribution of satellite nests.

The results of this study show high variability among ant 
response to experimental heating among congenerics, even 

across different parts of the same nest. Much of this variation 
could be a result of differences in the age and caste structure 
of nest occupants. Manipulation of the number of brood or 
workers in a nest before heating was not feasible in this study, 
but would be a useful extension of this project. Likewise, addi-
tional data and experiments are needed to determine how often 
canopy ants experience thermal extremes under current natural 
conditions, and the role of wood density and other nest charac-
teristics as determinants of nest site selection in canopy ants.

Here, we provide the first experimental examination of 
behavioral responses to heat stress by tropical canopy ants 
at the colony level. Considering the importance of ants in 
ecosystem-level processes, the amount of ant biomass resid-
ing in tropical canopies, and the fact that the canopy is the 
most exposed part of the forest, resolving the behavioral and 
physiological challenges faced by canopy ants is increasingly 
important in the face of climatic change and deforestation.
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