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Aggregation Mediated by Faeces and Footprints in Triatoma
pseudomaculata (Heteroptera: Reduviidae),
a Chagas Disease Vector

Ana Cristina R Vitta/™, Alicia N Lorenzo Figueiras*, Claudio R Lazzari*, Liléia Diotaiuti,
Marcelo G Lorenzo

Laboratério de Triatomineos e Epidemiol ogia da Doenca de Chagas, Centro de Pesquisas René Rachou-Fiocruz, Av. Augusto de
Lima 1715, 30190-002 Belo Horizonte, MG, Brasil *Laboratorio de Fisiologia de Insectos, Departamento de Ciencias Biol6gicas,
Facultad de Ciencias Exactasy Naturales, Universidad de Buenos Aires, Argentina

The behavioural response of Triatoma pseudomaculatato chemical substances present in their faeces or cuticle
(footprints) was analyzed. Groups of larvae were simultaneously exposed to a clean filter paper and to another
paper impregnated with a chemical stimulusin a circular arena. In these choice experiments, the insects aggregated
significantly around papers impregnated with dry faeces. In addition, the bugs also showed a significant aggrega-
tion response to papers impregnated with compounds derived from their cuticle that were deposited by contact on
the substrate. These results indicate that chemical compounds that affect the behaviour of T. pseudomaculata are
present in the faeces and in the cuticle of this species. Results are discussed in relation to chemical communication
in the Triatominae, as well as to the potential use of these substances in traps or sensors for the detection of this
species.
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Triatoma pseudomacul ata (Corréa & Espinola 1964)
is an haematophagous bug typically found at the North-
easternregion of Brazil. It isconsidered a secondary vec-
tor of Chagas disease in Brazil, disease caused by the
flagellate parasite Trypanosoma cruz (Chagas 1909). Itis
listed among the five most important speciesfor thetrans-
mission of thisdiseasein Brazil. Thisspeciesis predomi-
nantly found at peridomestic environments, however it
may establish domestic colonies (Alencar 1987).

Previouswork with T. infestans and Rhodnius prolixus
demonstrated the existence of an aggregation response
to volatiles present in their faeces (Schofield & Patterson
1977, Lorenzo Figueiraset a. 1994). Lorenzo Figueiras et
al. (1994) al so described the dynamics of thisaggregation
behaviour. In that work, larvae showed a significant ten-
dency to aggregate around papers impregnated with dry
faeces. Lorenzo and Lazzari (1996) described the defeca-
tion behaviour of T. infestans, and demonstrated that
faeces act as a chemical landmark of the refuges for this
Species.

In addition to the intraspecific assembling signals
present in faeces (Schofield & Patterson 1977, Ondarzaet
al. 1986, Lorenzo Figueiraset al. 1994), a sex pheromone
released during the copula which assembles male bugs
wasalso reported for R. prolixus (Baldwin et al. 1971) and
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T. infestans (Manrique & Lazzari 1995).

Lorenzo Figueirasand Lazzari (1998) described another
chemical signal present in the cuticle (footprints) of T.
infestans which promotes aggregation behaviour only
through physical contact. This substance was described
by those authors as an arresting signal.

In this work, we investigated the existence of aggre-
gation responses in T. pseudomaculata mediated by
chemical substances present in the faeces or the cuticle
(footprints).

MATERIALSAND METHODS

Experimental insects were 4th instar larvae of T.
pseudomaculata reared in laboratory at 28°C and fed on
live chicken. They were used one week after ecdysis.

Threedifferent experimental serieswere performed to
study the aggregation behaviour of this species, one to
test the activity of cues present in the faeces, another to
test the activity of those present in the cuticle, and athird
one as a control to test for any asymmetry in the arena
design. Inthefirst series, excrement was obtained by plac-
ing fed adults in plastic containers with a stainless steel
mesh on the bottom. Faeces were collected on pieces of
filter paper (1.5x 3 cm), placed 2 cm bel ow the containers.
Excrement released by bugs fell through the mesh to the
container bottom, and were absorbed by the papers
(Lorenzo Figueiraset a. 1994). In thisway, insects never
made contact with thefilter papers. After 50 min of collec-
tion, the impregnated papers were immediately removed
and maintained in a chamber at 28°C and 60-70% R.H.
Thefilter paperswith faeces were used six days after be-
ing collected, taking into account the data reported by
Lorenzo Figueirasand Lazzari (2000).

In the second series of experiments, we tested the re-
sponse of T. pseudomaculata to cuticular substances.
Compounds present in the cuticle and deposited by con-



866

tact on the substrate, i.e. footprints, were also collected
on piecesof filter paper (1.5x 3cm). Thechemical stimuli
were obtained asfollows: agroup of 15 adult insects was
placed in aplastic container with 20 piecesof filter paper;
the bugs, which had been starved for about 15 days and
had their anus completely occluded with paraffin, to im-
pede defecation, were allowed to walk freely on the pa-
pers (Lorenzo Figueiras & Lazzari 1998); the papersim-
pregnated with the substances from the cuticle were main-
tained inside achamber at 28°C and 60-70% R.H. for nine
days, and used thereafter.

The control series was performed to test if the arena
and surrounding environment were symmetrical fromthe
perspective of theinsects, and thereforeif their choice of
aplaceto rest would be arandom one.

All experimentswere conducted inacircular glassarena
(15 cm diameter) in which ten insects were liberated per
assay. It was lined on the bottom with filter paper as sub-
strate, and divided in two equal sectors. A piece of paper
was placed in each sector, oneimpregnated with the stimu-
lus to be tested (experimental paper) and the other clean
(control paper), except for the control seriesin which both
papers were clean. The group of larvae was carefully re-
leased in the centre of the arena. After 60 min the number
of motionlessinsectsin each sector was counted to mea-
sure aggregation response.

For thefirst serieswe performed fivereplicates, while
for the second series assayswerereplicated six times. In
the control series, six replicateswere performed.

The results were analyzed statistically by means of a
G test for Goodness of Fit to arandom distribution (i.e.,
50% for experimental sector and 50% for the control).

In addition, the intensity of the aggregation response
induced by each type of cue was compared using at-test
for independent samples.

RESULTS

The results obtained in the first experimental series
demonstrated that the insects did not distribute in the
arena by chance. Instead, a significantly greater amount
of bugs assembled on or around the papers associated
with the faecal signal, rather than the clean control filter
papers (G-test, P < 0.005). Asdepicted in Fig.1, approxi-
mated 70% of the experimental insects preferred the zone
of the arena marked with faeces.

A similar response was observed during the second
series of assays. When testing the aggregation response
of the insects to papers impregnated with footprints de-
rived substances, most insects aggregated around the
experimental papers, rather than the control ones. This
tendency wasfound to be statistically significant (G-test,
P < 0.025). Fig. 2 shows that 65% of all bugs chose to
remain in the half of the arena associated with this puta-
tive cue.

The control series of assays showed that the bugs
distributed in arandom manner, providing evidence that
the experimental design represented asymmetrical envi-
ronment for theinsects (G-test, N.S.).

In order to analyse the rel ative relevance of thesetwo
signals for the bugs in relation to their assembling
behaviour, the responsiveness of the bugs in both series
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was compared. No significant difference was observed
when the aggregation response to faeces was compared
with that evoked by footprints (t-test, N.S.). This means
that the assembling response of the bugs to filter papers
impregnated with their faeces or with substances from
their cuticle showed asimilar strength.
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Fig. 1: aggregation behaviour in response to faeces in Triatoma
pseudomaculata. Dashed line indicates the corresponding level for
a random distribution (i.e. 50% of bugs at each half of the arena).
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Fig. 2: aggregation behaviour in response to footprints in Triatoma
pseudomaculata. Dashed line indicates the corresponding level for
a random distribution (i.e. 50% of bugs at each half of the arena).

DISCUSSION

Theresults presented herereveal the existence of sub-
stancesin the faeces and the cuticle of T. pseudomaculata,
which mediate aggregation behaviour in these bugs. This
agreeswith previous worksthat demonstrated that faeces
(Schofield & Patterson 1977, Ondarzaet a. 1986, L orenzo
Figueiras et al. 1994) and cuticular substances (Lorenzo
Figueiras & Lazzari 1998) cause the aggregation of other
triatomines. These findings are relevant because appar-
ently not all triatomines empl oy the same communication
cues, inview of some preliminary resultsfrom our labora-
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tory (Pires HHR, pers. commun.). Moreover, due to the
fact that interspecific responsiveness has been evidenced
for assembling cues of several triatomines, their possible
use as control agents modifying the behaviour of bugs
could potentially also be applicableto T. pseudomacul ata.

Although aggregation cueswere previously described
in other triatomines, their chemical nature hasnot yet been
elucidated. Cruz L épez and Morgan (1995) tested the re-
sponse of T. infestans and T. mazzotti to different sub-
stances, i.e., faeces, faeces after solvent extraction and
extracts. In that work, the solvent extraction was carried
out using hexane, acetone, methanol or water. They
showed that polar solvents remove the aggregation fac-
tor from the faeces and these solvent residues showed
some positive effect. The substances present in those
extracts were identified using gas chromatography-mass
spectrometry (GC-MS), but bioassays using synthetic
analogues of the described substances found in faeces
failed to evoke aggregation responses. In addition, previ-
ously to the discovery of footprint derived substancesin
T. infestans (Lorenzo Figueiras & Lazzari 1998), Juérez and
Blomquist (1993) showed that cuticular compoundsfrom
T. infestansand T. mazzottii are fundamentally hydrocar-
bons, i.e., homologous series of n-alkanes, 3-methylal-
kanes and single components and isomeric mixtures of
internally branched monomethylalkanes, dimethylalkanes
and trimethylalkanes. Neverthel ess, these authors did not
test whether these substances would affect triatomine
behaviour. The cuticular substanceis deposited by direct
contact of the insects with the substrate. Until now, the
chemical nature of footprints has not been revealed, even
though Lorenzo Figueiras (1997) showed that only non-
polar extracts from the cuticle evoke aggregation re-
sponses.

Although the degree of assembling induced by the
two signals tested here did not differ, it does not mean
that both cuesinvolve either the same orientation mecha-
nisms, or similar composition. It has been demonstrated
in the related species T. infestans that faeces are able to
attract distant bugs inducing positive anemotaxis, sug-
gesting that olfactory chemoreceptorswould beinvolved
inperceiving thesignal (Lorenzo Figueiraset a. 1994). On
the contrary, contact chemoreceptors may be implicated
in the perception of footprint derived substances, since
an aggregation response was only observed when the
insectswere allowed to have physical contact with marked
substrates (Lorenzo Figueiras & Lazzari 1998). Concern-
ing composition, it has been already mentioned that
whereasthefaecal cue showed chemical affinity with po-
lar solvents, that of footprints eluted in non-polar ones
(Lorenzo Figueiras 1997).
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These two aggregation factors represent as valuable
potential agents to be employed as modifiers of vector
behaviour. Indeed, they appear at present as candidates
to be used for population sampling or even control of
triatomine bugsin human housings or wild environments.
Particularly, because they are easily obtained in the labo-
ratory from the colony and dueto their interspecific activ-

ity.
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