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Abstract
Facilitation is an ecological interaction in which the presence of one species (e.g., ecosystem engineers) alters the environ-
ment in a way that enhances growth, survival or reproduction of a neighboring species. Wood-boring insects are considered 
facilitators for cavities-nesting ants, which experience intense intra and interspecific competition for these sites. But how 
do ants find these cavities? Here, we suggest that ants could be attracted by chemical/odorous cues emitted by the frass of 
wood-boring insects. Using captive colonies of Cephalotes pusillus (Klug 1824) in controlled conditions, we carried out 
a bioassay to test the following hypotheses: (i) the frass from beetles are more attractive to ants than those from caterpil-
lars (Cossidae: Lepidoptera), since boring beetles are more common and produce more cavities for ant nest on the studied 
plant, Caryocar brasiliensis (Caryocaraceae). If this first hypothesis is true, (ii) in relation to the cavity substrate type, the 
insect frass will be an attraction for workers from captive colonies (colonies, hereafter): both from compromised colonies 
(colonies without nest and in vulnerable condition) and intact colonies in tubes and (iii) and workers from compromised 
colonies colonize tubes with frass more quickly than those from intact colonies. The three hypotheses were confirmed, and 
Cephalotes pusillus ants prefer beetle frass, moving more quickly (five times faster) into tubes with frass when in vulner-
able conditions. Our findings revealed that frass from beetles is a trigger to workers of C. pusillus locate and then nesting 
on branches of C. brasiliensis in Brazilian Cerrado. We suggest that the selection for a nesting cavity by arboreal ants is not 
random, but guided by chemical/odorous cues.
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Introduction

Plant–animal interactions are one of the main structural 
factors in conserved natural communities. These mutual 
relationships may be positive, negative or neutral to one of 
both partners varying since predation to mutualism (Thomp-
son 2014). Among these interactions, facilitation has been 
defined as an interaction in which the presence of one spe-
cies alters the environment in a way that enhances growth, 
survival or reproduction of neighboring species (Bronstein 
2009). For instance, several ant species that nest inside plant 
trunks and stems need the action of facilitators (Powell 2008, 
2009; Santos et al. 2017).

In terrestrial ecosystems, many facilitators species act as 
ecosystem engineers, which are organisms that modulate 

the availability of resources to other species, causing physi-
cal changes in living and non-living materials (Jones et al. 
1994; Lill and Marquis 2003; Velasque and Del-Claro 2016), 
increasing trophic interactions and species diversity (Sand-
ers et al. 2014; Cornelissen et al. 2016; Calixto et al. 2021). 
Protection against natural enemies and harsh abiotic condi-
tions has been considered one of the main benefits produced 
by ecosystem engineers (see Velasque and Del-Claro 2016). 
For instance, building shelters (e.g., mines, galls and leaf 
rolls) increases the survival and growth of insects, influenc-
ing the entire associated community (Cornelissen et al. 2016 
and therein).

Choosing a nesting site is pivotal for ant species which 
inhabit fragile, ephemeral, and pre-existing cavities, such as 
hollow branches (Pratt and Pierce 2001). Many ant genera 
(e.g., Camponotus, Cephalotes, Crematogaster and Pseu-
domyrmex) are specialized in nesting on cavities made by 
wood-boring insects, founding new colonies or expanding 
their existing colonies (e.g., satellite nests) (Hölldobler and 
Wilson 1990; Yamamoto and Del-Claro 2008; Powell 2009). 
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Beetles of the family Cerambycidae, Buprestidae, and Cur-
culionidae, for instance, dig galleries inside and on the dead 
wood surface of vegetation (Hanks et al. 2005; Satoh et al. 
2016). When abandoned, these galleries and tunnels provide 
nesting sites for many ant species through intense intra and 
inter-specific competition (Powell 2009).

In the Brazilian Cerrado, the largest and most diverse 
savanna in the world, Cephalotes ants select the cavities 
according to the optimal fit between the area of the cavity 
entrance and the head area of the largest workers, to defend 
their nests against predators and other ants (De Andrade and 
Urbani 1999; Powell 2008). Thus, in Cerrado the nest-site 
is an important resource for cavity-nesting ants, what limits 
colony establishment and structures ant community compo-
sition. However, this ecosystem is frequently disturbed by 
fire, forcing compromised colonies like those of Cephalotes 
ssp. to move to new nests, what ants must do quickly to 
avoid the fire and the attack of natural enemies (Fagundes 
et al. 2015). Although some physical features of cavities 
preferred by ants are known (De Andrade and Urbani 1999; 
Pratt and Pierce 2001; Powell 2008), the pattern of search-
ing (i.e., random or attraction-driven) for new nesting sites 
is still unknown. For instance, colonies with more workers 
or mass foraging such as compromised colonies (i.e., colo-
nies without physical nest and in vulnerable condition) are 
expected to be more efficient at locating and founding new 
or satellite nests than small colonies or those that forage at 
a lower intensity, such as intact colonies (i.e., colonies with 
physical nest).

From previous observations, Cephalotes ants on branches 
of Caryocar brasiliensis (Caryocaraceae) have been 
recorded close to insect frass, a mix of feces and sawdust 
from the digging of logs by insects. Although studies suggest 
that these ants use cavities made by beetles (Andrade and 
Urbani 1999; Powell 2008), recently a wood-boring caterpil-
lar (Cossidae: Lepidoptera) was described as an important 
pest of C. brasiliensis (Leite et al. 2011). Thus, ants may 
use cavities formed by the action of facilitators beetles and 
cossid larvae in C. brasiliensis (Fig. 1). But how do ants find 
these cavities? Here, we suggest that ants could be attracted 
by chemical/odorous cues present in the frass. For this, three 
hypotheses were tested: (i) the frass from beetles are more 
attractive to ants than those from cossid larvae, since boring 
beetles are more common and produce more cavities for an 
ant nest on the studied plant, Caryocar brasiliensis. If this 
first hypothesis is true, (ii) in relation to the cavity substrate 
type, the preferred insect frass will be an attraction for work-
ers from captive colonies (colonies, hereafter): both from 
compromised colonies (i.e., colonies without physical nest 
and in vulnerable condition) and intact colonies (i.e., colo-
nies with physical nest) in tubes and (iii) and workers from 
compromised colonies move on to tubes with preferred frass 
more quickly than those from intact colonies.

Methods

Study area

The study was conducted in a Cerrado sensu stricto area of 
the Brazilian savanna reserve Clube Caça e Pesca Itororó 
de Uberlândia (CCPIU; 48°17’W; 18°58’S), located in the 
municipality of Uberlândia, Minas Gerais State, Brazil. 
The annual mean temperature is 23 °C and mean annual 
rainfall is approximately 1500 mm, of which > 90% occurs 
during the wet season (October–April) (Vilela et al. 2014).

Fig. 1  Stems of Caryocar brasiliensis (Caryocaraceae, popular name 
Pequi) with the presence of wood boring beetle (a—frass; and b—the 
larvae inside the stem) and Lepidoptera (Cossidae; c and d) larvae. 
A typical entrance nest of Cephalotes ants e, f in a hollowed trunk of 
Pequi
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Studied species

Cephalotes pusillus (Klug 1824) is a polydomous species 
occupying many nests which are abandoned or natural 
cavities on vegetation, presenting small colonies (< 200). 
This arboreal small ant feeds mainly on nectar and pol-
len, and has wide distribution in the Neotropical region 
(Del-Claro et al. 2002; Wild 2007). Workers of C. pusillus 
were seen foraging close to insect frass on branches of C. 
brasiliensis. The ‘Pequi’, popular name of C. brasilien-
sis, is considered a tree symbol of the Cerrado, occurring 
from north to south of Brazil in this vegetation forma-
tion (Prance and Freitas de Silva 1973). This plant species 
has great economic, social and ecological importance in 
the savanna, being protected by Brazilian environmental 
legislation. Cephalotes pusillus as well as many others 
ant species forage on C. brasiliensis due to its extrafloral 
nectaries (Oliveira 1997).

Nesting site selection: bioassays

Colonies of C. pusillus were collected in C. brasiliensis 
trees and maintained in glass tubes in the laboratory under 
controlled conditions for 1 week before used in bioassays. 
A total of 30 captive ant colonies were used. We used inde-
pendent colonies of similar size: from 20 up to 30 work-
ers, plus a few larvae and eggs (< 10 in total per colonies) 
and without queens. We built arenas using plastic trays 
(35 × 25 × 5 cm), with two glass tubes (2 cm in diameter 
and 10 cm in length). At the edge of the arenas, polytetra-
fluoroethylene (Whitford, UK) was used to prevent workers 
from escaping. All arenas were under normal daylight cycle, 
air intact (24 °C) and humidity of 65–75%.

Fresh frass from beetles and cossid larvae communities 
were collected from C. brasiliensis and used in the bioas-
says. To determine the insect responsible by the frass in the 
field, each stem with frass was opened carefully. A teaspoon 
(5 ml) (~ 15 g) of frass from beetles were placed inside a 
tube, while the same amount of frass from cossid larvae 
were added to another tube, both placed on the same side 
of arena (spaced 20 cm apart). Since frass from beetles and 
cossid larvae had probably a similar composition, a full tea-
spoon represented similar weights (~ 15 g). To test the frass 
preference, in each arena one colony was placed (compro-
mised colonies—workers scattered in the arena without a 
physical nest) in the opposite site of the arena (10 colonies). 
The bioassays started at 8 a.m. in the first day and were 
followed-up every 30 min. When one tube with frass from 
beetles/or from cossid larvae was occupied by all workers 
(excluding some individuals visits), the time of colonization 
was recorded. Each bioassay lasted 48 h. Between 9 p.m. and 
6 a.m. of the next day, the colonies were monitored using 

a Sony handycam. The same colony was never used in the 
same type of laboratorial bioassays.

To investigate ant preference regarding the type of sub-
strate, frass or sawdust (from the same wood, grasped with 
a knife), we used the same methodology mentioned above, 
but we used only fresh frass (15 g) from beetles, since this 
frass type were more available. In another tube we used 5 ml 
(~ 15 g) of sawdust from a dry trunk of C. brasiliensis. We 
weighed 15 g of sawdust on an analytic balance and put this 
weight on a teaspoon (full teaspoon), to view the weight esti-
mate which was used as our standard measurement. These 
experiments were carried out independently with compro-
mised colonies (N = 10) and with colonies kept in tubes 
(intact colonies) (N = 10) (Fig. 2a, b). The intact colonies, 
with ants previously conditioned in the tubes, were used to 
test if the frass have the attraction enough to elicit a nest 
move. The experiments were monitored (every 30 min) and 
the time of colonization was recorded as described above. 
After all bioassays, ants were returned to the field.

Data analysis

To test the effect of frass type (from beetles or from cossid 
larvae) on nest colonization, we did a binomial test, con-
sidering the proportion of nest colonization as response 
variable, and the frass type as explanatory variable. To test 
whether the nest colonization is affected by type of sub-
strate considering compromised and intact colonies, we did 
another binomial test. As explanatory variable, we used the 
type of substrate (frass or sawdust) and we used the propor-
tion of nest colonization as response variable. Finally, we 
built a GLMM using Gaussian error distribution, after veri-
fying normality (‘qqplots’ and Shapiro tests), to test whether 
the time of nest colonization (variable normally distributed) 
is affected by the type of colonies (compromised or intact 
colonies). We considered the time (total number of hours) 
of nest colonization as response variable, type of colonies as 
explanatory variable and experiment days as random effects. 
The residuals of all models were analyzed to verify the ade-
quacy of the models (Crawley 2013). The analysis was con-
duct in the software R (version 4.0.0) (R Core Team 2020).

Results

The workers of C. pusillus showed a clear preference 
for nesting in tubes with frass from beetles than those 
with frass from cossid larvae (χ2 = 9.8; p < 0.01, N = 10) 
(Fig. 3A), being that in 90% of the bioassays the ants colo-
nized tubes with frass from beetles, taking 11.90 ± 7.39 h 
(mean ± SD) to adopt the nest. Both compromised and 
intact colonies preferred to colonize tubes with frass 
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(χ2 = 9.8; p < 0.01, N = 10; χ2 = 5.0; p = 0.02, N = 10, 
respectively) than those with sawdust (Fig. 2C, D). In both 
bioassays, the ants colonized 90% (compromised colonies) 
and 80% (intact colonies) of tubes with frass. Although 
both types of colony have a preference for frass, com-
promised colonies colonized tubes with frass five times 
faster than intact colonies (GLMM: F1,9 = 13.61; p < 0.01, 
N = 10) (Fig. 3B). Therefore, compromised colonies spent 
3.00 ± 1.87 h (mean ± SD) to colonize while intact colo-
nies spent 16.44 ± 11.80 h (mean ± SD).

Discussion

Our findings revealed workers of C. pusillus appear to 
use beetle frass as a cue for locating nests on branches 
of C. brasiliensis, although it could also simply be that 
the ants prefer cavities with beetle frass than with either 
lepidopteran frass or sawdust. Both compromised (vulner-
able) and intact captive colonies were attracted to bee-
tle frass. Moreover, the ants that do not have a physical 
nest (compromised colonies) colonizes more quickly (five 

Fig. 2  Experimental design 
(e.g., arenas with ants and 
experimental tubes) showing the 
preferences of compromised a 
and intact b colonies regarding 
beetle frass or sawdust nesting. 
c Number of colonized nests 
regarding the types of substrates 
(frass or sawdust) in compro-
mised and d intact colonies. 
*Represents significant differ-
ence (p < 0.05)

Fig. 3  a Number of colonized nests among the different types of frass 
(those of beetles and those from cossid larvae). b Nest colonization 
time (in hours) between different types of colonies (compromised and 
intact colonies). Boxes show the median, 25th and 75th percentiles; 

whiskers indicate minimum and maximum values. Points represent 
each of the observations of the time of colonization in both types of 
colonies. *Represents significant difference (p < 0.05)
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times faster) the tubes with beetles’ frass than those from 
intact colonies (i.e., colonies with physical nest). For the 
first time, we have shown that the selection for a nesting 
cavity by arboreal ants can be non-random, therefore being 
probably guided by a chemical/odorous clue.

The preference for tubes with beetles’ frass is intrigu-
ing. Beetles often dig narrow and resistant cavities on hard 
branches such as dead wood (Banno and Yamagami 1991; 
Hanks et al. 2005; Satoh et al. 2016), while the caterpillar 
digs very long cavities with several lateral paths on softer 
branches (personal observation, but see Leite et al. 2011). 
We suggest that due to the fact that beetles dig in harder 
wood, these cavities probably have less moisture and fungi. 
The moisture into the nest can be positive associated with 
microbial activity (Coenen-Stass et al. 1980), leading to 
contamination of newly established ant colonies. There-
fore, cavities made by beetles offer greater protection (e.g., 
physical structure) against invaders (e.g., Azteca ants) and 
pathogens (Powel 2009).

In Cerrado, the days are very hot and dry and there is also 
an abundance of many species of predator ants (e.g., Pseu-
domyrmex and Ectatomma spp.), spiders and birds (Oliveira 
and Marquis 2002), so it is imperative to an ant colony to 
find a place to hind and nest. Even workers who already had 
a nest (intact colonies in tubes) migrated to another tube con-
taining frass. Likewise, workers scattered in the arena with-
out a physical nest (compromised colonies) quickly located 
the tube with frass and colonized it. The higher speed of 
workers from compromised colonies in nesting on tube with 
beetle frass might be explained by the greater number of 
foraging workers in the arena. Many workers from intact 
colonies may stay for longer periods inside the nests and 
only few workers may go out to forage. In any case, beetle 
frass is clearly an attractant, and the found pattern does not 
reflect any deterrent properties of coccid frass.

Insects often use chemical/odorous as orientation cues. 
For instance, odor cues are used by ants to locate food 
resources such as leaves (Roces 1990) and nectar (Provecho 
and Josens 2009). This way, it is likely that the same can 
happen when these ants are looking for nesting sites, since 
the choice of the nesting place is as pivotal as the search 
for food resources, for instance. Moreover, we cannot rule 
out that Cephalotes ants can also detect frass through visual 
cues, such as C. atratus, which perceives the reflectance 
properties of the trunks in the canopy (Yanoviak and Dud-
ley 2006). Finally, Cephalotes ants can also use the beetles' 
frass as an organic material to modify the shape of entrance 
of their nests, improving nest use such as defense against 
invaders (Priest et al. 2021).

This study is a first step to investigate how ants find 
their nesting sites. Our findings show that besides the bee-
tles acting as ecosystem engineers, they leave indirect cues 
to facilitate colonization by ants. Facilitation like this one, 

is not a simple type of interaction; rather, as argued by 
Mathis and Bronstein (2020) it is a suite of phenomena 
associated with distinct ecological processes and evolu-
tionary consequences. Studies that assess the chemical 
composition and odors of frass from beetles should be 
encouraged. Therefore, understanding whether ants use the 
same patterns for searching for food and nesting sites will 
increase our ability to understand ecological–evolutionary 
mechanisms of the behavior of social insects.
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