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ABSTRACT

Behavioral assays were conducted with individuatenf monogynous and polygynous colonies of Acromyrme
subterraneus molestans to evaluate the discrimigagdoility of ant workers. These bioassays showed this
subspecies could not discriminate among non-nessnatt nestmate workers. However, nestmates of gwse
colonies did discriminate among workers of anoth@ospecies Ac. subterraneus subterraneus. Wheringigion
occurred there were no differences in the respasfseorkers from either monogynous or polygynousirtes.
Similarities or differences in the chemical profitd both subspecies explained the absence or occeref
aggressiveness among workers. The chemical profilolonies of the same subspecies was very simitayng
them, although distinct among subspecies. The nurobegueens did not influence the cuticular chemica
composition of the workers or their behavior.
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INTRODUCTION communication (Howard and Blomquist 1982). It
is generally assumed that within the Formicidae
The discriminatory ability of ants toward cuticular hydrocarbons (HCs) play an important
nestmates and non-nestmates is based on the fs@le in nestmate recognition (Lahav et al., 1999).
that each colony has its own “chemical signature”The harvester antPogonomyrmex barbatusis
a mixture of chemical compounds that is colonyable  to notice differences in the HCs
specific  (Holldobler and Michener, 1980). composition during the process of nestmate
Nestmate recognition can be defined as theecognition (Wagner et al., 2000). Greene and
discriminatory capacity of workers to distinguishGordon (2003) demonstrated that workers of this
members of their own colony from others that arépecies used these hydrocarbons to inform a
conspecifics (Vander Meer et al, 1989).nestmate on a certain task to be executed. The
Hydrocarbons constitute a considerable portion ohdividual production of HCs is dynamic and
cuticular lipids that avoid insect desiccation butpolymorphic (Vander Meer et al., 1989).
are also important in the process of chemicalherefore, it is essential that nestmates
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homogenize their HCs frequently to create @MATERIALS AND METHODS

uniform colony-specific profile. InCamponotus

fellah, social isolation of workers induced a Colony collection and maintenancein laboratory
divergence in the individual hydrocarbon profilesThe experiments were conducted with workers
(Boulay et al., 2000). These authors reported thafriginated from four colonies ofc. subterraneus
nestmates must continuously exchange their HGaolestansand two of Acromyrmex subterraneus
via trophallaxis to obtain the Gestalt odor (Croziesubterraneusthat were collected four months
and Dix, 1979). According to this Gestalt model,before the beginning of the tests in Vigosa, Minas
colony odor is formed by the mixture of individual Gerais State (20°45’ S, 42°55'W). Two colonies
odors from the queen and workers and those fromf Ac. subterraneus molestamgmedV7 andM8,
environment. were monogynous and twd?1 and P2, were
The discrimination process in the aMessor polygynous with six and two queens, respectively.
barbarus was studied in monogynous andThe twoAc. subterraneus subterranegslonies,
polygynous laboratory colonies by Provost et alnamely E1 and E2 were monogynous. The six
(1994). They found that workers from colonies had approximately 13,000 individuals and
monogynous colonies were more efficient inthe fungus garden 1.6 liters. They were placed in
discriminating intruders than those fromglass recipients of 1.7 L over a plastic tray (42 x
polygynous colonies. Similar results were obtaine@7 x 7 cm) where the workers had access to the
with Pseudomyrmex pallidudy Starks et al. foraging area, according to Della Lucia (1993).
(1998). The importance of the queen in workeRoom conditions were 25 + 2°C, 75 + 5% R. H.
recognition varies among ant species of distincind 10:14 L: D. The colonies were daily supplied
social structures (Lenoir et al., 1999). Baseda leaves ofLigustrum sp. andAcalypha sp. and
few studies on this aspect, two models have arisepetals ofRosasp. andTecomasp.

The first one, based on behavioral assays with

Camponotus floridanusuggests that the queen isBehavioral assays

the main source of colony odor (Carlin andDiscriminatory ability among adult Ac.
Holldobler, 1987). The second model is based osubterraneus molestangorkers from polygynous
biochemical studies inCataglyphis nigerand and monogynous laboratory colonies.

suggests that the queen acquires an averagggressiveness tests were conducted by means of
portion of all colony odors via grooming by the encounters between an intruder (that was offered)
workers and becomes the center of the colony odeind three non-nestmate workers aiming to estimate
instead of its source (Lahav et al., 1998). the discrimination level inAc. subterraneus
The objective of this study was to evaluatemolestansThe intruder was marked with a dot of
behavioral responses by workers Adromyrmex colored ink (Testors ©) on the gaster. The
subterraneus molestansrom polygynous and behavioral response of non-nestmate workers
monogynous colonies during encounters with aduboward this marked ant was recorded. During the
workers from different colonies of the samecontrol tests, the four workers were nestmates and
subspecies. This should provide some informatioone was marked. These tests were important to
on the importance of queen number in the colonghow that the ink did not influence the behavior of
on the discrimination process of this leaf-cuttingthe other ants.

ant subspecies. Levels of aggressiveness were afshe encounters were conducted in a Petri dish (90
evaluated by promoting encounters betweefm ¢ during three minutes. Before each
workers of this subspecies and those of anoth@counter, the marked ant was allowed to
leaf-cutting ~ ant  subspecies Acromyrmex acclimate by isolating it in a glass tube inserted in
subterraneus subterraneuShe chemical profile the center of the Petri dish. Each encounter began
of the colonies was determined and related to thgy removing the glass tube and recording the
discrimination behavior. The hypothesis to beeaction of the ants toward the marked nestmate
tested was that workers from polygynous coloniegccording to the following index of aggression

of Ac. subterraneus molestansvere less (Hefetz et al., 1996; Errard and Hefetz, 1997):
aggressive against workers from other colonies (of

same or distinct subspecies) than workers from
monogynous colonies.
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n alkanes (C18-C20, C22, C24, C26, C28, C30,
ZAI‘ [ C34, C36) (Sigma-Aldrich), was analyzed under
A'=";JT— the same conditions, and in this case the volume
injected was Jul (10 mg/ml in chlorophorm) and
o the split ratio of 50:1. This procedure aimed to
where Al represents the aggression indexh¢ nep in identification of the cuticular compounds.
duration of each act and T the total interactionrpe methodology of extraction and analyses of the

time defined as the sum of all times in which theyyticular chemical compounds was adapted from
ants interacted (had physical contact)i A a \yagner et al. (1998).

factor applied to each act according to the degree
of aggressiveness: Al= 0 (no aggressive patg analyses

interaction, antennal contact and grooming), Al The relative abundance of each compound was
1 (mandibular opening and abdomen curling)i Al estimated as the proportional area to each peak in
=2 (biting); and Al = 3 fight and reciprocal the chromatogram. All compounds which
mutilation. Thus, the index Al ranged from zeroyepresented at least 1% of the total abundance
(no aggression) to 3. The frequency and duratiofere included in the statistical analysis. A
of each behavioral component was registeregierarchical cluster analysis was used to separate
using the ODLog (Macropod software). Thethe colonies (Ward’'s Method, Pearson's r
aggressiveness  levels between  polygynougyefficient, Statistica 5.5). The method of Ward or
colonies P x P), monogynous colonie?M(x M) of the Minimum Variance is distinct from others
and among monogynous and polygynous colonigsecause it uses the square sums of any two groups
(M x P) of the subspeciesAc. subterraneus that may be formed at each iteration of the
molestans were evaluated. Aggressiveness Ofjgorithm.  Pearson’s  correlation  coefficient
workers  originated from  polygynous andmeasures the degree of correlation between two

monogynous colonies of this subspecies towargariaples. It is given by the following formula:
workers of another subspecidsl( E2) were also

tested. The degrees of aggressiveness exhibited b

each colony were tested by means of ANOVA and él’:{- -7 Vxiw. -7
Tukey's test for the samples with different e
replication number at 5% significance. Trun—

L IR _ 2
Chemical analyses Z \Ein = En) _Z'-Xim T Em)
The chemical profile and identification of 1=1 1=1

chemical compounds of each colony were
determined by an extraction of cuticular

components .Of 40 media Workers._These WOrkel§here n and m are the two variables. The degree
were placed in 3 ml of hexane during one hour i gjgnificance of the correlations was tested at 5%
50°C, with slight agitation of the preparation at 5’probabi|ity.
minute intervals. One mililiter of each extract was
dried under N and the residue was redissolved in

50 pl of chloroform. The samples were analyzedRESULTS AND DISCUSSION
using a gas chromatograph-mass spectrometer

(Shimadzu QP 5000.) The experimental conditiongyiscrimination ability of the workers of Ac.
were: fused silica capillary column (30 m x 0.25g,pterraneus molestans

mm) with a DBS5 bonded phase (0.28n film N aggressive reaction was observed during the
thickness), injector temperature 220°C; detectoincounters ofc. subterraneus molestamsrkers

temperature 240°C; column program, 170-300°C g{gainst marked individuals of the same subspecies,
3.25°C/min, 300°C for 3 min; carrier gas Hewhether or not nestmates. The aggression level of
(ImL/min); split ratio 1:5; volume injected |&;  workers could not be associated to the number of
initial column  pressure 19.5 psi. The MSqueens in the colony since the value of the

conditions were: impact energy 70 eV; scan speeggygression index was zero (Al=0).
1000; acquisition mass rangeyz 45-650 Da A

standard mixture of several linear saturated
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Workers from monogynou$A7 andM8) and from Acromyrmex subterraneus molestansorkers
polygynous colonies R1 and P2) were not from monogynous and polygynous laboratory
aggressive against conspecifics of other coloniesolonies exhibited hostile behavior against
During these encounters, in all cases, the only aetorkers of another subspeciég. subterraneus
observed among the workers was the antennalbterraneusIn the majority of the encounters
touch, which lasted less than one second. Thedights and mutual mutilation occurred. The mean
workers moved constantly around the Petri dislaggressiveness index exhibited by colonies of
and encounters as well as antennal touch seem@d. subterraneus molestamsas between 1 and 2
casual. According to Obin (1986), (Fig. 1). When the hostile response occurred, the
Crossland (1989) and Tissot et al. (2001) arnibehavior of the four colonies did not differ
colonies maintained in the laboratory tend to beaignificantly (ANOVA; R ~0.707, p=0.55), that
less aggressive towards each other than thos® the mean aggressiveness level against colonies

recently collected in the field. E1landE2was equal for all of them (Fig. 2).
1z = b
aRE D =
T E .:-: = _l:_ ~ e —l_
o . L L o
B ao E
g h m E == =
=3 S = ——
[ -] 12 ] ™ ™ 3
L i W _u | I
Colonies Colonies
8 za

s [

(=]
(3]

Aggression indesx
Aggressian index

2 " - -a =3 =H L M2 - -3

= =

Colonies Colonies

Figure 1 - Mean aggressiveness level of polygynd@¥R2) and monogynous7/M8) colonies ofAc.
subterraneus molestang&1 andE2 represent the behavior of workers of two monoggnou
colonies of another subspeci&s. subterraneus subterranelideans followed by the same
letter do not differ statistically by Tukey’s test different values of N at 5% significance.
The number of observations is in parenthesis.
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Figure 2 - Mean aggressiveness level of workergAof subterraneus molesta(Rl, P2, M7 and M8)
against workers of the subspeches subterraneus subterrane{isl andE?2). Means did not
differ at 5% significance level (ANOVA);d5~0.707, p=0.55).

During the fights among workers of the twoChromatogram analyses
subspecies, most of the times both aggressed and
aggressor released faecal liquid. This materidiVorkers of monogynous and polygynous colonies
interrupted the fight temporarily. Bernasconi et alof Ac. subterraneus molestahave a very similar
(2000) investigated the role of faecal liquidchemical cuticular profile, so that there exists no
released by virgin queens Apis melliferaduring  qualitative differences between them as revealed
fights of these queens. According to these authorby the chromatograms (Fig. 3). On the other hand,
the function of the faecal liquid would be colonies ofAc. subterraneus subterraneesghibit
decreasing the aggressiveness so that the quegialitative differences in the chemical profile
that released this material had better chances when compared to those iAc. subterraneus
winning the fights without greater injury. molestansThe analyses of the retention times of
Bernasconi et al. (1999) had earlier characterizeiie standards of linear alkanes showed that the
chemically this faecal material. It has beencuticular hydrocarbons of the subspecies studied
reported that the faecal liquid of some Attini antshave from 25 to 36 carbon atoms in their structure
is composed mainly of enzymes (Martin et alas those obtained by Wagner et al. (1998) for
1975) which may be derived from the fungusPogonomyrmex barbatult could also be said that
(Boyd and Martin, 1975). In larvae of the leaf-no cuticular hydrocarbon corresponded to those of
cutting antAtta sexdens rubropilosahis liquid the standard mixture of linear hydrocarbons (C18,
contain proteins, glucose and free amino acids, alt19, C20, C22, C24, C28, C30, C34 and C36). As
of which are of considerable nutritional valuethe molecular ions were not evident from the mass
(Schneider, 2003). According to this author, aspectra of the compounds, a complete structure
soon as the larva expels faecal material the firgtlucidation was not possible, but from the
worker that finds it by antennal touch ingests ifragmentation pattern, it was clear that they were
immediately. However, how this faecal liquid hydrocarbons, most of them being branched.
affects the workers behavior in leaf-cutting antsThe schematic representation of the clusters
other than proctodeal trophallaxis has not bee@btained by the Hierarchical Cluster analyses
investigated so far. performed based on 68 detected peaks of the six
colonies demonstrated the separation of two
groups (Fig. 4). The first group was formed by
colonies of the subspecie#c. subterraneus
subterraneus (E1 and E2), and Pearson’s
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correlation coefficient was significant at 5% levelgrouped and had a significant correlation
for two colonies. The second group was formed bgoefficient at 5% level of probability. There was
the colonies of the subspeciés. subterraneus no significant correlation among colonies of the
molestans in which both monogynousM(7 and distinct subspecies.

M8) and polygynousR1 and P2) colonies were
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Figure 3 - Chromatograms of the chemical cuticular profileAaf. subterraneus molestamgorkers
from a polygynousK2) and monogynous\7) colonies. E2 represents the chromatogram
of a colony of the subspecie&c subterraneus subterraneu¥he asterisks indicate
contaminants originated from the phtalic acid.
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There was evidence that workers from polygynousxplain the lack of aggressiveness among them.
colonies exhibited lower dis-criminating ability On the other hand, the analyses of the cuticular
against intruders (Provost et al., 1994; Vienne dtydrocarbons which was under genetic control,
al., 1998; Starks et al., 1998). Fseudomyrmex demonstrated that these compounds have little
pallidus for example, Starks et al. (1998) found avariation between colonies. The hydrocarbon
negative correlation between the number of queer®mposition was very distinct, with consequent
present in the colony and the level of aggressioaggressiveness reaction when the other subspecies
exhibited by the workers. In the present studywas analyzed. It could be possible that colonies
workers from polygynous colonies were not lesgrom the same region might have less variation in
aggressive than those from monogynous coloniethe loci  which  determined  hydrocarbon
Jutsum et al. (1979) reported that environmentgiroduction. Thus, aggression tests involving
factors such as the diet supplied to the coloniesolonies of different sizes and from different
were more important in triggering the aggressiveegions could provide a better understanding on
behavior in Acromyrmex octospinosusthan the discrimination behavior inAcromyrmex
endogenous factors. Thus, the fact that the sansebterraneus molestans

plant material was supplied to all colonies could
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Figure 4 - Hierarchical cluster analysis (Ward's Method, Bears Distance) conducted in the relative
proportion of 68 peaks showed in the chromatografntise cuticular extracts of the workers
from monogynousNl7 and M8) and polygynous$( andP2) colonies ofAc. subterraneus
molestansandAc. subterraneus subterrane(isl andE2). Only peaks of relative proportion
greater than or equal to 1% were used in this arsaly

The utilization of another subspecies was amegion of Vigcosa. The main morphological
important parameter to evaluate the behavior ofharacters used to separate the three subspecies of
workers of Ac. subterraneus molestanft also Ac. subterraneugthe two studied here anéc.
indicated that the composition of cuticularsubterraneus brunneusvere the ant body color
hydrocarbons was a character which separateahd the form of the lower lateral pronotal spine
these two subspecies that were sympatric in th&antschi, 1937). This, according to Fowler and

Brazilian Archives of Biology and Technology



284 Souza, D. J. et al.

Ketelhut (1993), was extremely variable. Besidesubespécie ndo é capaz de discriminar entre ndo
the great morphological similarity, the twocompanheiras e companheiras de ninho.
subspecies studied have the same chromosontahtretanto, companheiras de mesma colbnia
number (2n=38) (Fadini and Pompolo, 1996) andliscriminam operarias pertencentes a outra
their spermatozoa did not seem to have angubespécieAc. subterraneus subterraneusesta
morphological differences (personal observation)situacdo, ndo houve diferenca na resposta de
One could speculate that the cuticular hydrocarbooperarias oriundas de colénias monoginicas e
composition would be a means of reproductiveoliginicas. Similaridades ou diferencas no perfil
isolation of these subspecies. This couldibglar quimico de ambas as subespécies podem explicar a
to what happens witBrosophila mojavensjsa fly auséncia ou presenca de agressividade entre
that feeds on cactus and whose reproductiveperarias. O perfil quimico de colénias de mesma
isolation mechanism involves differentiatedsubespécie foi muito similar entre si e muito
hydrocarbon profiles of populations feeding ondistinto entre subespécies. O namero de rainhas
different substrates (Fogleman and Danielsomao influenciou a composi¢cao quimica cuticular
2001). It also could be somewhat similar to thelas operarias e nem o0 seu comportamento
mechanisms occurring in close species of mothdiscriminatorio.
which were reproductively isolated from each
other by the concentration of the compounds in the
same blend of sexual pheromones (Kaae ®REFERENCES
al.,1973).
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