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Abstract Products of exocrine glands modulate the

behavior of social insects. Among the exocrine glands, the

function of intramandibular glands has not been well char-

acterized in social Hymenoptera. To study the effects of

exocrine gland secretions on the behavior of the ant, Neop-

onera villosa, identification of cuticular and intramandibular

gland compounds was performed. Fifteen different com-

pounds were identified in workers and queens of N. villosa.

Linear alkanes C26, C27, C28, C30 and C36, as well as the

methyl alkanes 13-, 11- MeC28, 3 MeC29, 13-, 11- MeC32,

13-, 11- MeC33, 13- MeC36, 13,17-; 15,19-DiMeC37 and 18-,

17-, 13-MeC38 and esters triacontyl acetate were found on the

body and mandible surface of both workers and queens. The

sterols, cholesterol and sitosterol were found only in the

mandibles, with cholesterol present in both workers and

queens, and sitosterol present only in queens. The results

suggest that intramandibular gland compounds of N. villosa

may play a role in worker activity. The presence of hydro-

carbons and cholesterol in workers and sitosterol in the

mandible of queens may be associated with caste profile.
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Introduction

The genus Pachycondyla was revised for the New World

by Mackay and Mackay (2010) and currently this diverse

genus was divided into 19 genera (Schmidt and Shattuck

2014). Thus, the former Pachycondyla foetida species

complex is now Neoponera foetida with 13 species for the

Neotropics, from which seven species occur in Brazil,

including Neoponera villosa (Fernandes et al. 2014;

Schmidt and Shattuck 2014). These ants are relatively large

with length size, between 1.5 and 2 cm, and exhibit arbo-

real nesting habits (Lucas et al. 2002, Wild 2002). Some

species of Neoponera are generalist scavengers and pre-

dators of arthropods (Orivel and Dejean 2001).

The social behavior of insects depends on reciprocal

communication and cooperation, which is a basic require-

ment for maintaining the integrity of colonies (Wilson 1971;

Hölldobler and Wilson 1990; Marques-Silva et al. 2006).

Social communication among insects may be facilitated by

pheromones that modulate behavioral responses (Jackson

and Morgan 1993; Blomquist and Bagnères 2010).
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The knowledge of morphological and physiological

characteristics of the exocrine glands in social insects is

important for the comprehension of behavioral and evolu-

tionary aspects of these insects. A common characteristic

of social insects is the diversity of exocrine glands dis-

tributed throughout the body (Billen 2008). In ants, there

are 75 exocrine glands described (Billen 2009), which vary

in their morphological, chemical and functional complexity

(Billen and Morgan 1998; Caetano et al. 2002). Some

glands of ants release pheromones, which are important for

communication in social insects (Billen 2009).

While mandibular glands have been well studied, par-

ticularly with regard to release of chemical compounds, our

knowledge of intramandibular glands is restricted to mor-

phological characteristics in different insects (Santos et al.

2009; Martins and Serrão 2011; Billen and Delsinne 2013).

To date, none of the chemical compounds secreted by these

glands has been identified and this study is the first report on

the chemical composition of intramandibular gland in ants.

The primary function of cuticular hydrocarbons is to

prevent water loss (Singer et al. 1998; Monnin 2006).

However, they may also play a role in chemical commu-

nication between social insects (Singer et al. 1998; Monnin

2006; Hora et al. 2010). These compounds act as both

‘‘primers’’, changing insect physiology, (Le Conte and

Hefetz 2008) and ‘‘releasers’’, resulting in rapid and

reversible changes in the behavior of the insect (Wilson

1963; Vilela and Della Lucia 2001). In this regard, it is well

established that cuticular hydrocarbons are involved in sex,

aggregation, dispersion, alarm, territoriality, trail marking,

oviposition, and recognition of nestmates and castes.

Behavioral responses stemming from chemical com-

munication occur as a result of the large diversity of

specialized exocrine glands, which vary in their structure,

chemical composition, and physiology (Billen and Morgan

1998; Caetano et al. 2002).

In the ant N. villosa, intramandibular glands have two

cell types, viz., gland class I characterized by cuboidal

epidermal cells and class III characterized by isolated cells

in the internal cavity of the mandible with presence of

canaliculi that open in pores on the mandible surface

(Martins and Serrão 2011). To delineate the possible

functions of the intramandibular glands in ants, we iden-

tified the cuticular and intramandibular gland compounds.

Materials and methods

Ants

Five colonies of N. villosa were collected in the experi-

mental field of the Cocoa Research Center (CEPLAC),

Ilhéus, state of Bahia, Brazil at geographic coordinates

148450 S and 398130 W. The ants were reared in the labo-

ratory within artificial nests at least 3 months before

analysis. Nests were maintained at 25 ± 4 �C and about

50–80 % relative humidity.

The ants were identified by Dr. Jacques H. C. Delabie

and voucher specimens were deposited in the Laboratory of

Myrmecology, Centre for Cocoa Research (CEPEC), Il-

héus, Bahia, Brazil.

All colonies were fed ad libitum on an identical diet of

honey and the beetle Tenebrio molitor larvae. Queens and

workers were collected directly from the colonies.

Extraction of cuticular and intramandibular gland

compounds

Artificial nests were transported and maintained in the

laboratory at same conditions of the reared laboratory, and

the ants were taken directly from the nest. For the extrac-

tion and characterization of the body and mandibular

cuticular chemical profile in N. villosa, four physogastric

queens and three workers were obtained from each of three

colonies. Ants were removed from colonies using clean

tweezers previously washed with hexane.

All samples of the cuticular and mandibular chemical

profiles of queens and workers were obtained by a non-

destructive technique using solid phase microextraction

(SPME).

The extraction of chemical compounds was performed

by a slight, four second, friction contact of a poly-

dimethylsiloxane fiber (30 lm) (Supelco) with the dorsal

surface of the head, thorax, and abdomen of the ant.

Afterwards, mandibles were removed from the body and

macerated in glass vials with the aid of a glass rod; all of

them washed twice in Extran detergent, Milli-Q water and

hexane. Subsequently, slight friction of the poly-

dimethylsiloxane fiber with the maceration was performed

for 10 s. The fibers were immediately used for gas chro-

matography and mass spectrometry analyzes.

After the extraction of chemical compounds, the queens

were dissected and only those with activate ovaries and

with spermatozoa into the spermathecae were used in the

chemical compound analyzes.

Gas chromatography and mass spectrometry (GC–MS)

Analysis of samples from polydimethylsiloxane fibers was

performed at the Laboratory of Behavior and Ecology of

Social Insects, Universidade de São Paulo, Ribeirão Preto,

São Paulo, Brazil. The analyzes were conducted with a

SHIMADZU GC–MS QP2010. Separation was achieved

on Rtx-5MS column (30 m), 0.25 mm of the internal

diameter and 0.25 lm of the film thickness; using helium

as the carrier gas at 1.0 mL/min. The SPME fibers were
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mounted directly in the GC–MS for 4 min to desorb the

compounds. The temperature in the injector port was

250 �C. The initial temperature in the oven (initial column

temperature) was 150 �C, increasing 3 �C/min until 280 �C

(held for 10 min), after, increasing by 10 �C/min until it

reaches 300 �C (held for 5 min). Analyzes were performed

in splitless mode. The mass spectra were obtained by

70 eV ionization.

Data were analyzed by mass spectral characterization.

Measurements were based on peak areas obtained from the

chromatograms. Data were analyzed with the computer

program, GC–MS Solutions for Windows (Shimadzu

Corporation) and the chemical compounds were identified

based on their mass spectra using diagnostic ions as well

compared to the mass spectral library Nist 08 database.

Results

The GC–MS analyzes of the mandible and cuticle revealed

the presence of 15 different compounds in both workers

and queens of N. villosa (Table 1). Linear alkanes C26, C27,

C28, C30 and C36, as well as the methyl alkanes 13-,

11-MeC27, 3-MeC29, 13-, 11-MeC32, 13-, 11-MeC33,

13-MeC36, 13,17-; 15,19-DiMeC37 and 18-, 17-, 13-MeC38

and ester triacontyl acetate (Fig. 1; Table 1), the precursors

of sterol hormones, cholesterol and sitosterol were found

only in the mandible of N. villosa, with cholesterol in

workers and queens and sitosterol only in queens were

identified (Fig. 1; Table 1).

Discussion

The linear and branched alkanes found on the cuticle and

mandible of N. villosa are long-chain compounds between

26 and 38 carbons, similar to those found in other social

insects such as termites (Weil et al. 2009), bees (Abdalla

et al. 2003, 2004; Dani et al. 2005), wasps (Panek et al.

2001), and other ants (D’Ettorre et al. 2004; Martin and

Drijfhout 2009; Wilgenburg et al. 2011). These long-chain

cuticular hydrocarbons have been considered important for

nestmate recognition in Iridomyrmex purpureus (Thomas

et al. 1999), Cataglyphis niger (Lahav et al. 1999) and

Pogonomyrmex barbatus (Wagner et al. 2000). Long-chain

hydrocarbons were also found on the cuticle and in the

post-pharyngeal gland of the ant N. villosa, suggesting an

important role in nestmate recognition (Lucas et al. 2004).

The 15 compounds found in the mandible and body

cuticle of N. villosa in this study were lower than 82 once

found in this same ant species by Lucas et al. (2002),

(2004). Different from our study, these authors extracted

Table 1 Chemical compounds identified by GC/MS of intramandibular glands (M) and of body surface (B) of workers and queens of

Neoponera villosa

Peak RT Compound Queen Worker

M (n = 4) B (n = 4) M (n = 6) B (n = 6)

1 36.213 C26 4.88 ± 3.43 9.32 ± 6.96 6.14 ± 5.00 12.86 ± 6.58

2 37.038 C27 1.49 ± 0.76 3.18 ± 2.19 2.37 ± 1.79 5.60 ± 2.74

3 37.718 13-, 11-MeC27 2.13 ± 1.13 6.39 ± 1.10 1.67 ± 1.50 3.75 ± 2.17

4 38.646 C28 2.33 ± 2.49 6.80 ± 4.37 7.49 ± 5.21 14.71 ± 7.49

5 39.214 3-MeC29 0.51 ± 0.51 1.23 ± 1.15 0.68 ± 0.64 2.12 ± 1.07

6 40.533 C30 3.51 ± 1.15 4.18 ± 3.73 3.20 ± 3.41 6.83 ± 3.19

7 41.546 Cholesterol 10.04 ± 9.16 – 13.03 ± 14.46 –

8 41.934 13-, 11-MeC32 0.97 ± 0.81 2.13 ± 1.65 0.76 ± 0.51 1.79 ± 0.77

9 42.834 13-, 11-MeC33 0.44 ± 0.17 0.56 ± 0.50 0.55 ± 0.46 1.42 ± 0.41

10 45.905 Sitosterol 1.52 ± 1.64 – – –

11 48.709 Triacontyl acetate 6.57 ± 3.52 2.27 ± 1.75 55.31 ± 3.17 38.77 ± 10.06

12 52.355 C36 2.02 ± 1.11 2.41 ± 0.40 0.20 ± 0.25 1.05 ± 0.69

13 53.247 13-MeC36 10.82 ± 1.05 6.99 ± 6.14 2.40 ± 2.69 6.91 ± 2.55

14 55.923 13,17-; 15,19-DiMeC37 1.92 ± 0.61 1.64 ± 1.54 0.42 ± 0.44 1.01 ± 0.43

15 58.355 18-, 17-, 13-MeC38 17.76 ± 15.61 9.66 ± 8.18 13.88 ± 8.65 15.05 ± 6.11

Relative proportions (mean ± SD)

Identification of compound and their respective diagnostic ions: Peaks, 1: 366; 2: 380; 3: 196/197, 224/225, 168/169, 252/253; 379; 4: 394; 5:

364/365; 392/393; 6: 422; 7: 386; 8: 196/197, 295/296; 168/169; 449; 9: 224/225, 280/281, 196/197; 463; 10: 414; 11: 420; 12: 506; 13: 196/197;

505; 14: 224/225, 280/281, 295/296, 351/352, 196/197, 267/268, 308/309; 519; 15: 266/267, 308/309; 252/253, 322/323, 378/379, 196/197; 533

RT retention time (min)
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cuticular hydrocarbons from whole body by the immersion

of the ant for 5 min in 200 lL of hexane with three-

dimensional agitation, which may be resulted in the

extraction of compounds of internal organs including lipids

of cell membrane which are rich in linear and branched

hydrocarbons Alberts et al. 2010).

An interesting finding was the presence of cholesterol

and sitosterol in the mandible of N. villosa. Among the

predatory wasps and ants, sterols are found in large quan-

tities in the tissues, which are linked with the dietary sterols

from their prey (Behmer and Nes 2003). Sterols have three

critical functions in insects: (1) they are important com-

ponents of cell membranes; (2) they are precursors for the

molting hormone, ecdysone (Koolman 1990; Grieneisen

1994), and (3) they play a role in regulating genes involved

in insect developmental (Porter et al. 1996). However,

insects are not able to synthesize sterols and have to ingest

exogenous sterols from food resources (Clark and Bloch

1959; Svoboda et al. 1994).

In social bees, the main sterols from pollen grains were

also found in the mandibular, hypopharyngeal, and head

salivary glands (Ferreira-Caliman et al. 2012). Svoboda

et al. (1986) showed that sterols are present in hypopha-

ryngeal and in mandibular glands of honeybee workers.

Steroids were found on the cuticle of the parabiotic ants,

Crematogaster modiglianii and Camponotus rufifemur, as

Fig. 1 Chromatogram of the

chemicals found in the mandible

and body surface of Neoponera

villosa queens and workers.

Peaks 1 C26, 2 C27, 3 13-,

11-MeC27, 4 C28, 5 3-MeC29, 6

C30, 7 Cholesterol, 8 13-,

11-MeC32, 9 13-, 11-MeC33, 10

Sitosterol, 11 Triacontyl acetate,

12 C36, 13 13-MeC36, 14 13,17-;

15,19-DiMeC37, 15 18-, 17-,

13-MeC38

28 L. C. B. Martins et al.
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well as in their dufour glands, suggesting that these com-

pounds are produced in the dufour gland and then

distributed to the body surface, providing an individual

signature (Menzel et al. 2008). Ba et al. (1995) identified

26 steroids, including cholesterol and sitosterol, in eggs,

larvae, workers, and queens of the ant Solenopsis invicta.

In contrast, we found that intramandibular gland choles-

terol and sitosterol were not transferred to the body surface

of N. villosa, suggesting that both compounds found in the

mandible are not directly involved in the production of

cuticular signatures.

In N. villosa, hydrocarbons and cholesterol were present

in workers and queens, while sitosterol was present in the

mandible of queens alone. However, sitosterol may be

involved in recognition of the physogastric queen, where it

exclusively occurs in N. villosa, this occurrence may be

associated with caste profile and labor division. Composi-

tion of the pheromones or the chemicals compounds varies

between castes in ants (Do Nascimento et al. 1993; Her-

nández et al. 1999; Hughes et al. 2001; Cruz-Landim et al.

2011). Intra-nest variability of cuticular hydrocarbon pro-

files in ants has been shown to be linked with differences in

the tasks performed by workers (Bonavita-Cougourdan

et al. 1987, 1993), and with reproductive status (Peeters

et al. 1999; Liebig et al. 2000; Cuvillier-Hot et al. 2001;

D’Ettorre et al. 2004; Lommelen et al. 2006). Cuticular

hydrocarbons are similar between castes of N. villosa,

although they have different concentrations. In this way,

sitosterol occurs only in the mandibles of queen, suggesting

that the intramandibular glands of queens and workers of

this ant have different functions, although the significance

of this remains unknown.

Another interesting result is the presence of long-chain

acetate found on the body and mandible surfaces of both

workers and queens of N. villosa. Long-chain acetate has

different functions in different insects: sex and aggregation

pheromones in Lepidoptera and Drosophila, respectively

(Tschuch et al. 2005). Defensive functions can be found in

bumble bees Bombus and Psithyrus rupestris (Wheeler and

Duffield 1988; Zimma et al. 2003), tenthridinid sawfly

(Jonsson et al. 1988) and in the Thysanoptera Suoce-

rathrips linguis (Tschuch et al. 2005). Acetates and other

compounds are found together with hydrocarbons in the

dufour glands of some ants (Attygalle and Morgan 1984;

Jackson et al. 1989) functions as repellents against preda-

tors (Tschuch et al. 2005).

The alkane, acetate and steroid profile of N. villosa in

queen and workers suggests that some of these compounds

in the intramandibular glands may be linked with caste

profile, labor division and caste recognition. Although

long-chain hydrocarbons are relatively non-volatile

(Blomquist and Bagnères 2010), the action of these com-

pounds as pheromones may occur via contact between

individuals of the colonies, as ants often allow physical

contact during hygiene behavior (allo-grooming) and

trophallaxis (Hefetz 2007). In addition to nestmate recog-

nition, cuticular hydrocarbons also play a role in regulating

reproduction in ants (Peeters et al. 1999; Liebig et al.

2000). However, because we did not find cuticular hydro-

carbons exclusively in N. villosa queens, this reproductive

function seems not to be carried out by hydrocarbons from

intramandibular gland, although sistosterol present only in

queens may play a similar role.

Our study show that sitosterol and cholesterol were

present in intramandibular glands, but they are lacking in

the body cuticle. Moreover, we found large amounts of

cholesterol and sistoterol in intramandibular gland in

queens. However, despite these findings indicating an

important role for sterols in different castes, their functions

remain unknown.
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