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The Sexual Behaviour of Panstrongylus megistus
(Hemiptera: Reduviidae): an Experimental Study
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The factor s affecting the sexual behaviour of Panstrongylus megistus were studied under laboratory conditions.
A general description of mating behaviour is presented for this species. The effect of the time elapsed after the first
imaginal feeding on the mating frequency, the motivation of males to mate and the rejection behaviour by females,
were analyzed. We also determined the number of copulas accepted by females of this species. Finally, the possible
existence of a sexual chemical signal promoting male aggregation around mating couples was evaluated. Results
showed that mating frequency increased with the time elapsed since the first adult meal. Despite the number of male
copulatory attempts did not change as a function of time, the rejection behaviour of females became gradually less
frequent. Females rejected mating by means of body flattening on the substrate, abdominal movements, evasion or
stridulation. After a single copula, females did not usually accept to mate again. Neither male nor female aggrega-
tion around mating couples was observed, suggesting the absence of a sexual assembling pheromone in P. megistus.
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Panstrongylus megistus (Burmeister, 1835) isablood-
sucking bug that is currently considered the main vector
of Chagas diseasein Brazil, with exception to the North-
easternregion. Itisaprimarily wild speciesof triatomine
bug capable of invading artificial ecotopesand establish-
ing important colonies inside human dwellings. Its con-
trol isextremely relevant to avoid the vectorial transmis-
sion of the disease, as up to date vaccines against the
infection or effective treatmentsfor the chronic stage are
not yet available. In endemic areas, wild specimens in-
vade the rural houses continuously, but specially in the
humidity period of the year (Dias & Dias 1968, Dias &
Garcia1978). Therefore, behavioural studiesare extremely
relevant in order to allow a better understanding of the
mechanisms supporting the orientation and communica-
tion of these insects, two crucial processes for success-
ful colonization of novel habitats.

The mating behaviour of several triatomine species
has been the subject of diverse studies (Limaet al. 1986
ab, Rojaset al. 1990, Rojas& Cruz L6pez 1992, Manrique
& Lazzari 1994). In al cases, it was described as a se-
guence of definite steps performed by the male. Never-
theless, except for Triatoma infestans (Klig, 1834), the

Financial support: UNDP/WHO Special Programme for Re-
search and Training in Tropical Diseases, and Capes/Antorchas,
Capes/Setcit, Conicet, Fiocruz, and Universidad de BuenosAires
*Corresponding author. Fax: +55-31-3295.3115. E.mail:
tim@cpqrr.fiocruz.br

Received 9 July 2003

Aceepted 23 March 2004

relevance of the behaviour of females in mating success
has been relatively neglected (Lima 1985, Rojaset al. 1990,
Rojas& Cruz Lopez 1992, Manrique & Lazzari 1994). Un-
like many other insect species, triatomine bugs do not
perform a stereotyped courtship behaviour in order to
attract their partners (Lima1985).

After two individuals of different sexes encounter,
pairing and insemination, by means of spermatophore
transference, normally occur. Following mating with a
singlemale, afemalewill have enough spermatozoain her
spermathecaeto fertilisetheeggsto belaid along itswhole
life. Lima (1985) observed that thefertility of eggslaid by
P. megistus females who had copulated once was lower
than the fertility of those of females that had undertook
morethan one copula. Lima(1985) also observed that the
former femaleslaid unfertilized eggs, even though asimi-
lar total number of eggs was produced.

After sexual maturation, insects need to find apartner
for mating. It is possible that a sex pheromone with a po-
tential rolein the orientation/recognition of individual s of
either sex is present in some triatomines (Antich 1965,
Neves & Paulini 1981), although this is a subject that
needs further investigations.

Several authors suggested that, during mating, chemi-
cal substances are released by one or both members of
the couple that lead to the assembling of males around
thecouple (Badwineta. 1971, Manrique & Lazzari 1995).
Baldwin et al. (1971) suggested that such substances may
also have an “aphrodisiac” effect on Rhodnius prolixus
(Stél, 1859) males, as several mating attempts between
individuals of this sex were observed by the authors.
Manrigue and L azzari (1995) have suggested that the ag-
gregation of males around mating couples would be as-
sociated to polyandry in T. infestans.
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The aim of the present work was to make a general
description of mating behaviour in P. megistus and to
analyse experimentally thefactorsaffectingit. Finaly, we
tested whether males of this species aggregate around
mating couples in this context, as it was described for T.
infestans and R. prolixus.

MATERIALSAND METHODS

Insects- Fifthinstar nymphsof P. megistuswere sorted
by sex, fed and kept apart in acrylic recipientswith apiece
of filter paper as substrate, until their imaginal ecdysis.
Insectswere reared at 25 + 2°C; 65% RH and fed on mice
(Musmusculus).

The mating behaviour of P. megistus - A male and a
femalewereplacedinacircular glassarena (10 cm height
x 25 cm diameter) with apiece of filter paper as substrate.
Data were gathered from the observation of 10 different
pairs (roomtemperature: 25+ 1°C; 53+ 3% RH; illumina-
tionintensity: 351ux).

Feeding and mating motivation - The maturing of the
sexual behaviour of malesand females of thisspeciesand
the occurrence of the copula were analyzed using virgin
couples (N = 20). The time elapsed between the first and
last imaginal moult of the group of insects used did not
exceed 20 days. Adultswerefed ad libitum only once ap-
proximately 10 days after their ecdysis. Assays were
started one day after feeding, repeated every one day at
the same daytime, i.e., 15:00 h, and lasted for 15 days. A
singlemale and asingle female were placed in acircular
experimenta arena (10 cm height x 15 cm diameter) and the
behaviour of the couple was studied by direct observa-
tion during 10 min. The onset of copulation was prevented
carefully by using abrush just before of its start, in order
to keep theinsectsvirgin along the whol e experiment. We
quantified for each experimental day: (a) the number of
copulatory attempts by males; (b) the number of rejec-
tions performed by females; and (c) the number of “ copu-
las” (given that the insects did not actually copulate, we
considered that a potential “copula” took place when the
male and female made contact between their genitalia).
Assayswere performed at 25 + 2°C, 65% RH, and under a
controlled illumination intensity of 20 lux.

Mating frequency - In order to check the usual fre-
quency and number of copulas performed by females of
this species, 17 virgin couples, 20 days old, were indi-
vidually placed for a period of 1 h in the circular arena.
Each pair was submitted to the same procedure every week,
throughout two months. The assays were carried out at
25 + 2°C; 65% RH, and under controlled illuminationin-
tensity of 20 lux. For the insects used in this experiment,
feeding was provided once a week on thionembutal
anaesthetised mice.

Assembling around mating couples- Thisexperiment
was designed to test whether males of this species aggre-
gatein the presence of amating pair, as other triatomines
do. Thirty daysold virgin adults, starved for 7 dayswere
used. Assays were performed in the circular arena and
under controlled environmental conditions (25 + 1°C, 53+
3% RH, 35 1ux). Four experimental serieswere conducted
andinall seriesinsectswere alwaysreleased in the center
of the arena. In the first and second series, 4 males were
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initially released and, after 10 min, a single female (1st
series) or a marked male (2nd series) was added to the
group. In the 3rd and 4th series, 4 females were released
and after 10 min, either amale (3rd series) or a marked
female (4th series) was added. Each assay was recorded
using avideo recorder along 1h and the behaviour of the
insects posteriorly analyzed. The distance between each
insect in the arenarelative to the last individual released
was measured every 1 min of theassay in al experimental
series. With these distance data, an aggregation index
was computed. Inthisway, the spatial distribution of these
insects was quantified by measuring the change in the
distanceto thereferenceindividual asafunction of time,
before, during, and after the copula. The aggregation of
the insects was analyzed recording their position 1 min
before the start of the copula and subsequently, every 1
min until the copulating pair started to walk around.
Statistical analysis - The effect of the time elapsed
since thefirst adult meal on the mating motivation of in-
sects was analyzed by means of ANOVA. Regression
analysiswas applied to describe the rel ation between pos-
feeding time and the tendency to reject males by females,
and also to describe the temporal change in mating fre-
guency. ANOVA was performed to test the tendency of P.
megistus males to aggregate around mating couples as a
function of the time after the occurrence of copulation.

RESULTS

Themating behaviour of P. megistus- Inall cases, the
physical contact between individuals began by initiative
of themale, which jumped or climbed over thefemaeand
grabbed it with its legs. After holding her with his legs,
the male mounted the female and then tilted laterally to
allow the approximation of its genitaliato that of the fe-
male. Afterwards, it placed the end of its abdomen below
that of thefemale and it exposed itsgenitalia. With theaid
of its paramers, the male secured the genitalia of the fe-
male, alowing the introduction of its copulatory organ.
The copulalasted an averaged of 21 minand 4 s(range 17
min 14 s - 25 min 55 s) and could be divided into two
phases: the 1st started with the juxtaposition of the geni-
taliaand lasted up to the moment when the mal e rel eased
thefemal €' sbody, remaining united only through the geni-
talia, and secondly, from this moment up to the complete
separation of theinsects. The 1st phase averaged 15 min
and 9 s(range 13 min - 20 min 10 s), and the 2nd one about
5minand5s(range46s- 11 minand 11 s). At thissecond
phase, thefemale generally walks, pulling the malearound.

We found that the femal e determines the occurrence
of acopula, giventhat it could be receptive or non-recep-
tive to the mating attempts performed by males asit was
observed in other triatomines (Manrique & Lazzari 1994).
If non-receptive, it could refuse the male through differ-
ent behaviours.

We were able to characterize and quantify the occur-
rence of 4 kinds of rejection behaviours performed by
females, i.e., body flattening: the femal e flattens the ven-
tral part of itsbody against the substrate in order to avoid
themaleto positionitsdlf laterally with respect toit (39.3%);
abdominal movements. the female shakes her body up
and down, getting the male off it (29.3%); evasion: the
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female escapes walking avoiding physical contact with
the male (15%), and stridulation: the female rubsthe end
of the proboscis against the prosternal stridul atory groove
to produce a vibratory signal (16.4%), rejecting in this
way the male copulatory attempts.

Feeding and mating motivation - The number of mat-
ing attempts displayed by the 20 males(mean=7,7+ 0,9
s.e.) did not vary according to the time elapsed since feed-
ing. On the other hand, the proportion of males rejected
by females significantly decreased with time (ANOVA, p
=0.005; Fig. 1). Asaconsequence, asignificant increase
in the mating frequency with increasing post-feeding time
was observed (ANOVA p = 0.001; Fig. 2). Thedaily per-
centage of copulating couples varied from around 10%
during thefirst days after feeding to ca. 40% around day
12. Besides, according to our observations 75% of the
experimental pairs expressed their motivation to copul ate
at least once along the 15 days of observation.

Mating frequency - We observed that 76.5% of the
couples copulated, throughout a2 month interval. In most
casesthefemalesof P. megistus performed only one copula.
Indeed, only asingle couple of 17 accomplished asecond
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Fig. 1: proportion of sexua rejections per male copulatory attempt

by females of Panstrongylus megistus as a function of post-feeding
time (ANOVA, p = 0,005, N = 108)

Proportion of mating pair

Time (days)
Fig. 2: proportion of copulating pairs of Panstrongylus megistus as
a function of post-feeding time. The regression line represents the
variation of mating frequency as a function of time (ANOVA, p =
0.001, N = 55)
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mating. Thelack of asecond copulawasdueto therejec-
tion behaviour of thefemale, asmost attemptsfrom males
for a second copula resulted in rejections.

Assembling around mating couples - Resultsfrom the
first series of assays, i.e., when 4 males and one female
werereleased in the arena, showed that the distance from
the other males to a mating couple did not change with
time after the copula began (ANOVA for repeated mea-
sures, N.S.; Fig. 3a). The same was observed when the
spatial distribution of femaleswas quantified in presence
of acopulating pair, i.e. 4 femalesand one male (ANOVA
with repeated measures, N.S.; Fig. 3b). When only males
weretested, the distance between theinsectsdid not vary
aong time (second series, ANOVA with repeated mea-
sures, N.S.; Fig. 3c). However, in the 4th series, females
showed asignificant variation intheir spatial distribution
in absence of copula, i.e., they aggregated after somemin-
utes (ANOVA with repeated measures, p = 0.007, F=2,55
df =14; Fig. 3d).

Although no assembling around mating couples was
observed for any sex, males performed 65 unsuccessful
attemptsto copul ate for asecond time. On the other hand,
100% of mated females rejected subsequent mating at-
temptsfrom themales, at | east during the 10 min of assay
following the copula (first series).

DISCUSSION

The sequence of behavioural steps that lead to mat-
ing in P. megistusfollowsthe general model described by
Limaet a. (1986b) in thisspecies. Malesof P. megistusare
the sex that actively performs the approximation of the
couple, asin all triatomines studied to date.

Manrique and Lazzari (1994) studying T. infestans,
observed that these insects do not remain joined through
their genitalia after the copula, but separate immediately
after the male descends from the female. This behaviour
allows the occurrence of successive copulas, aided by
the fact that couples of this species apparently emit a
pheromone that promotes the aggregation of males
around the copulating pair. According to Manrique and
Lazzari (1995), this polyandric behaviour may promote a
higher genetic variability in the off-springsin T. infestans.
This would be particularly relevant when new colonies
arefounded by dispersing femal es (Schofield 1985). Con-
trarily, remaining bound through the genitalia after the
first copula could represent a mechanism to prevent new
copulatory attempts by other males, maybeincreasing the
reproductive success of thefirst male (Schofl & Taborsky
2002). Looking for differencesin reproductive success of
males in polyandric triatomines like T. infestans or R.
prolixus using genetic markers may help to determine if
sperm competition or other mechanism enhancing repro-
ductive success is present in these insects. Pires et al.
(2002) utilised arecessive character for red eye colour in
T. infestans to analyse the fertility and fecundity of these
insects. When afirst copulating male isrecessive, i.e., it
has red eyes, and a second copula happens with a wild
type male, these authors observed that the sperm that
fertilises the eggsis gradually substituted, as the number
of offsprings from the red eye male gradually declines.
The contrary was not observed, as once a female copu-
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Fig. 3a- mean distance + standard error of the distance of four males to a female in the arena as a function of time (ANOVA with repeated
measures N.S., N = 5). Time O correspond to the initiation of mating; - b: mean distance + standard error of the distance of four females

to a male in the arena as a function of time (ANOVA with repeated
- ¢: mean distance * standard error of the distance of four males to a
measures N.S., N = 5). Time O was settled by computing the mean

measures N.S., N = 5). Time O correspond to the initiation of mating;
marked male in the arena as a function of time (ANOVA with repeated
time interval elapsed between the introduction of the copulating male

or female and mating in the mating series; - d: mean distance + standard error of the distance of four females to a marked female in the arena

as a function of time (ANOVA with repeated measures p = 0,007, N

= 5). Time 0 was settled by computing the mean time interval elapsed

between the introduction of the copulating male or female and mating in the mating series.

lated with amale of the wild type, posterior copulaswith
recessive malesdid not derivein agradual substitution of
fertilising sperm. These results|ead those authorsto sug-
gest apotentia sperm competition mechanismin that spe-
cies.

Previous studies with P. megistus have mentioned the
occurrence of rejection behaviour displayed by females
of this species, but without describing the different mo-

dalities of this behaviour (Lima et al. 1986a). Here, we
were ableto distinguish four kinds of rejection behaviours,
resembling those previously described for T. infestans
(Manrique & Lazzari 1994), i.e., stridulation, abdominal
movements, escape, and body flattening over asubstrate.
In P. megistus, flattening was the most frequent kind of
rejection behaviour, showing a similar proportion of oc-
currencefor both species; i.e., 39.3% for P. megistusand +
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40% for T. infestans. Stridulation in triatomines has been
considered by several authors, either asasexually related
behaviour or as a defense response (Moore 1961,
Manrique & Lazzari 1994, Roces & Manrique 1996, Man-
rique & Schilman 2000, Schilman et al. 2001). According to
Manrique and Lazzari (1994), non-receptive T. infestans
females stridulate spontaneously, in order to reject the
male copul atory attempts. Roces and Manrigque (1996) and
Manrigue and Schilman (2000) studying the stridulation
of T. infestans and R. prolixus respectively, suggested
that the relevant signal is a substrate borne vibration. In
addition, they found differencesin thefrequency and tem-
poral pattern of the signals produced by the same indi-
vidual in different contexts, i.e., rejecting amale or after
mechanical disturbance. In the present work, we report
the occurrence of femal e stridulation, asamale-deterring
signal in P. megistus. A comparative analysis would re-
veal whether this speciesisalso ableto produce different
signals at different contexts.

Several reportsdescribed animportant rolefor the age
of the males in the occurrence of the first mating in
triatomines (Regiset a. 1985, Mao et a. 1993). Under our
experimental conditions, the number of copulatory at-
tempts by the males did not vary along time, i.e., they
always exhibited the same motivation to copulate. The
results presented in those reports are not totally compa-
rable to ours due to the differences in the age and treat-
ment of the insects. We observed that the main factor
conditioning mating was the disposition of females to
mate, expressed as their rejection behaviour. P. megistus
females seem to change their disposition to copulate de-
pending on their nutritional conditions, as already dem-
onstrated for T. infestans by Manrique and Lazzari (1994).

The probability to reject mating attempts of males by
femal es decreaseswith increasing time after thefirst adult
meal. It is clear that the rejection behaviour of females
conditions the success of the copulain P. megistus as it
was previously described for T. infestans (Manrique &
Lazzari 1994).

Our results show that the frequency of the copula
depended on the post-feeding conditions of adult bugs.
Initially after feeding, the lowest mating frequencies ob-
served were probably due to the rejection behaviour of
females. Our conclusions are based upon considering the
post-feeding conditions of the experimental insectsasthe
cause of the changes observed in the behaviour of the
females. We can not exclude that the modifications ob-
served are the simple consequence of their age, and not
the effect of feeding on maturation. Regis et al. (1985)
reported that adult T. infestans femal es began to copul ate
with animaginal age of just four days. Nevertheless, they
did not analyse their behaviour, in order to establish the
proneness of young females to copulate.

Manrique and Lazzari (1994) working with T. infestans
described that 16 days after feeding approximately 100%
of the pairs expressed their motivation to copulate daily.
Differently, our results with P. megistus reached a maxi-
mum daily level of 40% copulating pairsonly after 12 days
post-feeding, percentage which resemblesresults obtained
by Limaet a. (1986b). Thislower daily motivation to copu-
late does not necessarily reflect that theinsectsareimma-
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ture, as approximately 75% of the pairs expressed their
motivation to copulate at least once at the end of this
experiment. It is possible that the experimental design
described by Manrique and Lazzari (1994), who worked
with T. infestans, would require adjustments, e.g., timeto
perform assays, in order to use it with P. megistus com-
paratively. The low number of pairs that copulated both
in this experiment and in that evaluating the mating fre-
guency ina2 monthfollow up, i.e., 75 and 76,5%, indicate
the need of more data to better understand the sexual
behaviour of this species.

Borba (1972) observed that P. megistus females that
had copulated avoided new male attempts. In the present
work, this particular behaviour was also observed and
quantified; indeed, mated females rejected subsequent
attempts to copulate.

Several authorshave remarked that after asingle mat-
ing, P. megistus females would be able to produce fertile
eggsaong their entirelife (Neiva1914, Pinto 1930, Lima
1940, Pessoa& Martins 1982). Lima(1940) observed that
P. megistus females copulate just once, but also reported
that under some situations a second copulaoccurs. Here,
only one coupleover 17 performed asecond mating (5.9%).
Nevertheless, in other cases, the characteristic be-
havioural steps preceeding mating were observed, but
the genitalia of the insects never became joined. On the
contrary, Lima (1985) observed that P. megistus females
are able to copulate up to seven times during their life,
showing amean of 2.6 + 1.6 copulas per female. However,
these differences could be due to the distinct experimen-
tal lapses, two monthsvsentirelife.

Our observation of an aggregation of females in the
absence of amating couple probably occurred due to the
spontaneous tendency of these bugs to maintain an in-
tense body contact with the substrate and conspecifics,
i.e., thigmotaxis. Surprisingly thisbehaviour wasnot found
in our experiments with males in the absence of mating
couples. Besides, our results did not reveal the existence
of male aggregation around mating couplesfor P. megistus.
This suggests that a sex aggregation pheromone is ab-
sent in this species. Thisis quite consistent with the fact
that P. megistus females seem not to perform successive
copulas. Thus, malerecruitment around the mating couple
would not berelevant, asin polyandric triatomine females
(Manrique & Lazzari 1995).

Our work revealsthat mating in P. megistuswould fol-
low adifferent behavioural pattern when compared with
other triatomines studied to date. Females of this species
seem to perform just asingle or few copulas during their
imaginal life, afact that agrees with the post-copulatory
behaviour observed and with the absence of mal e-assem-
bling signals in the sexual context of this species. Both,
behavioural and ecological work will be conducted, in
order to comprehend the reasons and adaptive value of
these dissimilar reproductive strategies in this group of
insect vectors.
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