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ABSTRACT. One of the most important attributes that allowed the evolu-
tion and maintenance of sociality in insects is their ability to distinguish
members of their own colonies. The capacity for individual recognition in
social insects is mediated by chemical signals that are acquired soon after
the adult emerges, and vary according to the tasks performed by individu-
als in their colonies. We determined the time when adults of the wasp Mis-
chocyttarus consimilis acquire the chemical signature of their colonies, as
well as the variation in the cuticular hydrocarbon profiles of the exoskel-
eton of individuals, according to their functions in the colony. The method
used was Fourier transform infrared photoacoustic spectroscopy directly
on the gaster of each individual. Young wasps take three to four days to
acquire the colony’s chemical signature, with a small change on the fifth
day, when the cuticular hydrocarbon profile of the workers is more similar
to that of the queens than that of the males, probably because they are of
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the same sex, but primarily because of the similarity of tasks executed by
these two groups of females in the colonies.

Key words: Colony signature; Division of labor; Behavior repertoire;
Colony identity

INTRODUCTION

In insect societies, reproductive division of labor plays an important role in the main-
tenance of colony structure; workers cooperate with their queens, which are generally morpho-
logically different. Reproduction and an elaborate communication system coordinate worker
behavior (Wilson, 1971). One of the conditions that favor the evolution and maintenance of
this system is the ability to distinguish nestmates (Hamilton, 1987).

To carry out multiple tasks in colonies, social insects have developed mechanisms of chemi-
cal communication used (Ferreira-Caliman et al., 2007). These compounds, termed pheromones, act
on the receiving individual, as physiological triggers of specific behavioral reactions (Leal, 2005).

Cuticular hydrocarbons are members of a class of volatile compounds known as “surface
pheromones”. These pheromones are important for the social insects, allowing the recognition of
members of the same species, nests, and members of different castes. Generally, the pheromones ap-
pear to be absorbed by the body surface and are detected by other insects, over small distances or by
direct contact (Abdalla et al., 2003). These compounds are usually related to the identification of the
individual’s role in the colony, in other words, which caste it belongs to, which individuals are geneti-
cally related, what their function is in the colony, and other behavioral questions (Singer et al., 1998).

Several investigators have demonstrated that recognition of individual functions exercised in
colonies of social insects is mediated by chemical signals, which are acquired soon after the insects
emerge. Adults of the wasp Mischocyttarus mexicanus accumulate an odor with increasing age after
emerging; acceptance of individuals of other colonies diminishes as the wasps age (Gamboa et al., 1996).

Another important factor for recognition signals, well documented by Espelie et al.
(1990), is the odor of the insects’ own nest material, which contains hydrocarbon-rich com-
pounds that are capable of being transferred between individuals and are used as a way to rec-
ognize the colony. In social wasps, the recognition processes are mediated by the odor of the
nest surface, which is covered by cuticular hydrocarbons produced by the colony’s members.
The nest odor is used as a reference by wasps when they learn to distinguish the odor of their
colony, and as a mode of emergence recognition (Gamboa et al., 1996).

Several techniques have been used to evaluate the profiles of cuticular hydrocarbons
in social insects. One of the most recently developed is optical spectroscopy, by Fourier trans-
form infrared photoacoustic spectroscopy (FTIR-PAS) (Antonialli Jr. et al., 2007, 2008).

We determined the time when adults of the wasp Mischocyttarus consimilis acquire
the chemical signature of their colonies, as well as the changes in the cuticular hydrocarbon
profiles of the exoskeleton of these individuals, according to their functions in their colonies.

MATERIAL AND METHODS

To determine when the chemical signature of the colony is acquired by adults, 10 colo-
nies of M. consimilis nesting on the campus of Universidade Federal da Grande Dourados, in
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Dourados, Mato Grosso do Sul (22°13°16 “S, 54°48°20” W) were studied. For the monitoring of
ages, all recently emerged individuals from these colonies were marked with non-toxic ink on the
thorax. Ten individuals collected from 10 different colonies, of each age from recently emerged to
5 days old, based on the behavior-transfer results of Panek et al. (2001), were used.

To evaluate the differences in the cuticular hydrocarbon profiles of workers, queens
and males, six colonies from three different areas were included. These were two colonies from
a rural area of Bodoquena (20°32°19”’S, -56°42°54”W), two from the campus in Dourados,
and two from an urban area in the municipal district of Bataypora (22°13°16”’S, 54°48°20”W).
Colonies from different populations were evaluated in order to obtain more reliable results for
the average cuticular hydrocarbon profile of this species.

All the insects used for both analyses were anesthetized, killed, and preserved by
freezing. This procedure avoided the use of a fixative or chemical preservative that could react
with chemical elements of the cuticle. For the analyses of the cuticular hydrocarbon profile,
the gaster was extracted from each individual. According to Cuviller-Hot et al. (2001) this area
of the body has the greatest cuticular hydrocarbon concentration.

The analysis technique was optical spectroscopy, by FTIR-PAS, according to Anto-
nialli Jr. et al. (2007, 2008). This method has not customarily been used for this type of study,
but has proven to be reliable.

The FTIR-PAS technique measures the radiation absorbed by a sample. It has advantages
for application to materials of great fragility, such as biological materials, because the low-intensity
radiation does not destroy the sample. Furthermore, FTIR-PAS can be used to analyze very small
samples (Greene et al., 1992). FTIR-PAS uses the infrared spectrum from 400 to 4000 cm™ (Sil-
verstein et al., 2000; Skoog et al., 2002). This area is sensitive to the vibrations and rotations of
molecular chemical groups, so it can identify and distinguish molecular radicals and some kinds of
chemical bonds in certain samples, the most advantageous aspect of this technique (Smith, 1999).

To minimize humidity, which can affect the spectrum reading, the samples were placed
in a vacuum oven for 48 h. Then, each gaster was placed on a support in the photoacoustic cell,
and purged with helium gas. The spectrum was obtained for each abdomen, for the mean of 64
spectra with a resolution of 8 cm'. The absorption lines between 400 and 4000 cm™' were sepa-
rated; these are related to vibrations of hydrocarbons, which provide the information to analyze.

All the data were evaluated by stepwise discriminant analysis, which can reveal the group
of variables that best explains the groups evaluated in case of a difference, which is indicated by
Wilk’s lambda, a measure of the difference, if any, between the groups (Quinn and Keough, 2002).

RESULTS

The spectra analyzed by FTIR-PAS showed that the significant functional groups between
400 and 4000 cm! were linked mainly to chitin and hydrocarbons present in the wasp cuticle (Table 1).

The discriminant analysis demonstrated that the individuals that emerged from colo-
nies of M. consimilis began acquiring their chemical signature between the third and fourth
day after emerging the cuticular hydrocarbon profiles differed on the fifth day (Figure 1). The
first canonical root explained 73% of the results and the second 27%; both together explained
100% of the results. The discriminant analysis gave a significant result (Wilks’ lambda =
0.005; F = 8.988; P < 0.001); of 18 peaks analyzed, seven were meaningful for separation of
the groups (Figure 2 and Table 1).
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Table 1. Wavenumber, coefficients of the two canonical roots, functional group, and vibrations of the identified
peaks in the infrared absorption spectra of the gaster of the wasps, for analysis of the effect of age.

Peak Wavenumber (cm™) Canonical root 1 Canonical root 2 Functional group Vibration mode
(€)) 1030 1.746 0.121 In plane C-H (benzene) Bending
?2) 1157 -2.722 -0.224 In plane C-H (benzene) Bending
3) 1450 2.141 -0.419 C-CH, and C-CH, Asymmetric bending scissors
4) 1524 -2.112 -0.943 N-H Bending
(5) 1651 4.001 -1.825 Cc=0 Symmetric bending
(6) 2634 -1.442 -0.015 C-N and N-H Overtone bending
(7) 2877 1.573 -0.178 CH(CH,) Symmetric stretching
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Figure 1. Mean curve for each group of absorption spectra in the mid-infrared of the gaster from different-aged
specimens of Mischocyttarus consimilis, indicating the significant peaks for separation of the groups.
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Figure 2. Dispersion diagram of the results of the discriminant analysis, showing the two canonical roots of
differentiation of cuticular hydrocarbons in different-aged individuals of the wasp Mischocyttarus consimilis.
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The cuticular hydrocarbon profiles of queens, workers and males were significantly dif-
ferent (Figure 3). The first canonical root explained 77% of the results and the second 23%, and
both together explained 100% of the groups’ separation (Figure 4). The most significant peaks were
those with wavelengths of 667, 895, 953, 1030, 1076, and 1115 cm™ (Wilks’ lambda = 0.034; F
=12.364; P <0.001). The 667, 895 and 953 cm’! wavelengths (see Table 2) correspond to the cu-
ticular hydrocarbon C-H functional group with out-of-plane bend (benzene). The 1030, 1076 and
1115 em™ wavelengths correspond to the cuticular hydrocarbon C-H with in-plane bend (benzene).
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Figure 3. Mean curve for each group of absorption spectra in the mid-infrared of the gaster from workers, queens,
and males of Mischocyttarus consimilis, indicating the significant peaks for separation of the groups.
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Figure 4. Dispersion diagram of the results of the discriminant analysis, showing the two canonical roots of caste
and sex differentiation of the wasp Mischocyttarus consimilis.
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Table 2. Wavenumber, coefficients of the two canonical roots, functional group, and vibrations of the identified
peaks in the infrared absorption spectra of the gaster of the wasps, for analysis of the effects of caste and sex.

Peak Wavenumber (cm™) Canonical root 1 Canonical root 2 Functional group Vibration mode
(1) 667 2.444 0.242 Out-of-plane C-H (benzene) Bending
2) 895 1.099 0.2 Out-of-plane C-H (benzene) Bending
3) 953 -0.025 -1.21 Out-of-plane C-H (benzene) Bending
4) 1030 -2.432 0.629 In-plane C-H (benzene) Bending
(5) 1076 2. 896 -0.291 In-plane C-H (benzene) Bending
(6) 1115 -0.146 2.762 In-plane C-H (benzene) Bending
DISCUSSION

The spectra showed that significant functional groups between 400 and 4000 cm!
were associated mainly with chitin and hydrocarbons present in the wasp cuticle (Table 1).
The vibration of N-H and its fold with the wavelength around 1524 cm™ is an important group;
it was almost as intense as the 1651 cm™ wavelength corresponding to C = O with the stretch-
ing vibrational mode (Antonialli Jr. et al., 2007). Therefore, according to Antonialli Jr. et al.
(2007) the combination of these lines can be used to diagnose chitin or secondary amides in
the cuticle analyses, with the absorption line of 2634 cm™! with bending vibration overlap. The
other wavelengths (2877, 1450, 1157, and 1030 cm™) refer to hydrocarbons (C-H) found in
the cuticle, varying between the vibrational mode of symmetrical stretching (2877 cm™) and
asymmetrical stretching of scissors (1450 cm™), and that of bending with C-H (benzene) in
the plane (1157 and 1030 cm™). The age at which adults of M. consimilis acquire the colonial
signature is as was described by Panek et al. (2001), who observed through the behavior of
individuals transferred from different colonies, that members of colonies of the wasp Polistes
fuscatus acquire their chemical signature between 48 to 72 h emergence as adults. After this
period the individuals were aggressively expelled from the colony, demonstrating that indeed,
as the days pass, the younger individuals acquire the specific chemical signature of their col-
ony. Similarly, Arathi et al. (1997), in a study of the wasp Ropalidia marginata, reported that
older wasps accepted new individuals up to five days old, after which they tended to be intoler-
ant and aggressive, reinforcing the idea that the colony signature is acquired in the first days
of life after emerging, and this profile of cuticular hydrocarbon can vary with the individual’s
age. This was also demonstrated in the ant Campanotus floridanus (Morel et al., 1988) and the
fly Drosophila virilis (Jackson and Bartlet, 1986).

In our study, the cuticular hydrocarbon profile of workers was more similar to that of the
queens than that of the males, probably because they are of the same sex, but primarily because
of the similarity of the tasks executed by these two groups of females in the colonies, compared
to the males. Males do not need a high concentration of hydrocarbons or a defined chemical pro-
file, given their limited behavioral repertoire in the colony (Antonialli Jr. et al., 2007).

In many species, the cuticular hydrocarbons of adults vary according to the colony,
the physiology (Blomquist et al., 1998; Lenoir et al., 1999), and between castes, as occurs in
the bee Melipona bicolor (Abdalla et al., 2003) and the ant Ectatomma vizottoi (Antonialli
Jr. et al., 2007). However, studies of cuticular hydrocarbon profiles in wasps are quite recent,
and most of the species studied are members of the genus Polistes. In Polistes dominulus, for
instance Cotoneschi et al. (2009) observed the capability of workers to distinguish the sex of
their nest companions through cuticular hydrocarbons; in Polistes biglumis bimaculatus, Lo-
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renzi et al. (1997) demonstrated intra-specific recognition; in P. fuscatus, Panek et al. (2001)
determined the time when the colonial signature is acquired, and Lorenzi et al. (2004) found
that Polistes semenowi imitates the odor of P. dominulus to invade the host colony. Therefore,
cuticular hydrocarbons are important compounds used for the identification of individuals in
the colony (Singer et al., 1998), which can vary according to their tasks in the colony (Leal,
2005). We conclude that young individuals of M. consimilis take from three to four days to
acquire the chemical signature of the colony, made up of the cuticular hydrocarbon profile or
surface pheromones, and that this profile varies between castes and sexes, being related, as
described in previous studies, to the functions performed by each individual in the colony.
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