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Prognosing the sex of adults of Amblyomma auricularium through evaluating the
biological parameters of engorged nymphs

Prognéstico do sexo dos adultos de Amblyomma auricularium através da avaliagdo de parémetros
biolégicos de ninfas ingurgitadas

Michele da Costa Pinheiro™ Iwine Joyce Barbosa de S&' Carla Carolina Dias Uzedo Ribeiro'
Camila Dantas Martins" Vanessa de Almeida Raia"' Katia Maria Famadas'”

ABSTRACT

Maintaining tick colonies under laboratory
condition, as well as carrying out experimental studies on these
arthropods may be more successful with better knowledge of some
basic biological parameters. In this study, we evaluated how the
weight, engorgement period and premolt period of Amblyomma
auricularium nymphs (N=600) correlated with the sex of the
adults that subsequently emerged. The experiment was carried
out in the W.O. Neitz Parasitological Research Station, Ixodology
Laboratory of the Department of Animal Parasitology, Federal
Rural University of Rio de Janeiro, located in Seropédica,
state of Rio de Janeiro. The average weight of the nymphs was
5.1+1.51mg among those that originated males and 8.2+2.5mg
among those that originated females. The engorgement period for
the nymphs that originated males was 8.3+1.5days while it was
longer for the nymphs that originated females, with an average
of 8.8+1.8days to complete their diet. The premolt period was
shorter for nymphs that originated males (17.2+0.93days) than
for nymphs that originated females (17.7+1.00days). Despite an
area of overlapping between the weights of engorged nymphs
that originated adult males and females, this is the most reliable
parameter for predicting the sex of adults of A. auricularium.

Key words: relationship of weight X sex, engorgement period,
premolt period, Neotropical ticks, experimental
infestations.

RESUMO

Para melhor gerenciamento e otimizagdo da
manutengdo de coldnias e experimentos com carrapatos
ixodideos, realizou-se este estudo avaliando a relagdo do
peso, periodo parasitario e periodo de pré-ecdise de ninfas de

Amblyomma auricularium (N=600) com o sexo dos adultos
emergidos. O trabalho foi realizado no Laboratdrio de Ixodologia
do Departamento de Parasitologia Animal da Universidade
Federal Rural do Rio de Janeiro. O peso médio das ninfas
foi de 5,1+1,51mg naquelas que originaram machos e de
8,2+2,5mg naquelas que deram origem a fémeas. Em relagéo
ao periodo de ingurgitamento, o das ninfas que originaram
machos foi de 8,3+1,5dias, enquanto as ninfas que originaram
fémeas demoraram em média 8,8+1,8dias para completar sua
alimentagdo. J& o periodo de pré-ecdise foi mais curto para ninfas
que originaram machos, 17,2+0,93dias, em relagdo as ninfas
que originaram fémeas, 17,7+1,00dias. Apesar de uma &rea de
sobreposi¢do dos pesos de ninfas ingurgitadas que originaram
adultos machos e fémeas, esse pardametro é o mais confiavel para
0 prognodstico do sexo dos adultos de A. auricularium.

Palavras-chave: relagdo peso X sexo, periodo de ingurgitamento,
periodo de pré-ecdise, fase ndo parasitaria,
carrapatos neotropicais.

INTRODUCTION

To establish colonies of arthropods in a
laboratory, adequate equipment, personnel qualified
to deal with these arthropods and, especially,
biological knowledge of the species that will be
kept in the laboratory is required (CANCADO et
al., 2007). Through knowledge of species biology,
colony maintenance and experiments that are
designed using ixodid ticks may be improved.
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The biological parameters of nymphs
have previously been evaluated with the aim of
determining the sex of adults of some species of
Neotropical ticks. The weight of engorged nymphs,
engorgement period and premolt period have been
the most commonly used parameters, as can be seen
in relation to Amblyomma cajennense (FABRICIUS,
1787) (OLIVIERI et al., 1986; BARBIERI et
al., 2001; PINTER et al., 2002), Amblyomma
tigrinum (Kock, 1844) (LABRUNA et al., 2002),
Amblyomma triste (Kock, 1844) (LABRUNA et al.,
2003), Haemaphysalis leporispalustris (Packard,
1869) (FREITAS et al., 2000) and Rhipicephalus
sanguineus (Latreile, 1806) (BARBIERI et al., 2003).
It is important to prognose the sex of adult specimens
while they are still at the nymphal stage, in order to
optimize experiments under laboratory conditions,
especially those that require previous determination.

Amblyomma auricularium (Conil, 1878)
has been recorded in Neotropical and Nearctic regions
from the southern United States to Patagonia, in
Argentina (LORD & DAY, 2000; GUGLIELMONE
et al., 2003; KERIANS, 2003). Adults of A.
auricularium have been found parasitizing mainly
armadillos (Dasypodidae) (VENZAL et al., 2002;
GUGLIELMONE et al. 2003; 2006; BERMUDEZ et
al., 2010) and, occasionally, other domestic or wild
mammals (ALLAN et al., 2001; GUGLIELMONE
et al., 2003; DANTAS-TORRES et al., 2010).
Immature stages have been recorded as parasitizing
armadillos, marsupials, rodents and domestic dogs
(GUGLIELMONE et al., 2003; BERMUDEZ et al.,
2010; DANTAS-TORRES et al., 2010; EVANS et al.,
2000; OLEGARIO et al., 2006; SZABO et al., 2007).
Despite the wide geographical distribution, there are
few studies on the bioecology of this ixodid.

The first study on the biology of A.
auricularium was carried out by FACCINI et
al. (2010), under laboratory conditions. They
described the life cycle of these ticks using rabbits as
experimental hosts. In the present study, we evaluated
how the weight, engorgement period and premolt
periods of A. auricularium nymphs correlated with
the sex of the adults that subsequently emerged, as a
tool for planning colonies of A. auricularium.

MATERIALS AND METHODS

All the specimens were kept in an incubator
set at a temperature of 27+1°C and relative humidity
(RH) of 80+£10%, in 24h darkness. Unfed nymphs
of A. auricularium, aged 15 to 20 days, were fed on
four tick-naive rabbits (Oryctolagus cuniculus). The

infested rabbits were kept in individual wired cages
(60X60X60cm) in a ventilated room under a natural
light regime, and were fed with commercial food pellets
and water ad libitum. The infestation was produced
as described by NEITZ et al. (1971), such that the
specimens were administered inside muslin sleeves that
were glued using non-toxic glue (Unna’s paste) to the
base of the rabbits’ ears. The rabbits were each infested
with 300 nymphs of A. auricularium, and thus a total of
1200 nymph specimens were administered.

When the engorged nymphs dropped off,
they were collected every day, until the last specimen
had been recovered. They were then washed in 1%
hypochlorite and dried on paper towels. Groups of
50 specimens each were formed every day, with the
exception of the first day of recovery, when only
eight specimens were recovered. In this manner, 12
sample groups were obtained. Each specimen was
weighed on an electronic analytical balance and was
individually housed in a properly identified glass
vial, corked with cotton wool, and was maintained
under controlled laboratory conditions until the adult
emerged. The adults were sexed by observing the
dorsal shield (EVANS, 1992). The weights of the
engorged nymphs and the length of the premolt period
(the period between collecting the engorged nymphs
and emergence of the adults) were analyzed using the
Mann-Whitney test. Data on the engorgement period
(the period between the day of infestation and the day
of recovery of the engorged nymph) were evaluated
by means of analysis of variance (ANOVA) and the
Tukey-Kramer test with a significance level of 5%.

RESULTS

The mortality rate among the 600 nymphs
used in the experiment was 3.5%. Table 1 shows the
mean values and standard deviation of the parameters
of the engorged A. auricularium nymphs that were
analyzed. The weight range of the engorged nymphs
was 1.5 to 13.2mg (Table 1). The average weight
of those that originated females was higher than
the weight of those that originated males (P<0.05),
with means and standard deviations of 8.2+2.48
and 5.1+1.51, respectively. Of the 579 nymphs that
reached adulthood, 266 (46%) originated males and
313 (54%) originated females. The percentages of the
nymphs that originated males and females recovered
per day can be seen in figure 1. The length of the
engorgement period of the nymphs ranged from 7
to 12days, with a mean of 8.8 = 1.8days for nymphs
that originated females and 8.30£1.5 days for males
(P<0.05) (Table 1).
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Table 1 - Mean values and standard deviations of the biological parameters of engorged nymphs of Amblyomma auricularium as a predictor
of sex adults under controlled conditions (27+1°C, 80+10% RH, scotophase).

Parameters Total Males Females
Weight (mg) X+o 6.7 +2.59 51+ 1.51 8.2°+2.48
(range) (1.5-13.2) (1.5-8.8) (2.5-13.2)
n 579 266 313
Engorgement period (days) X+to 8.6+ 1.68 83"+ 1.5 88°+18
(range) (7-12) (7-12) (7-12)
n 579 266 313
Premolt period (days) X+to 17.4+1.00 17.2°+£0.93 17.7°+ 1.00
(range) (15 -20) (15 -20) (15-20)
n 579 266 313

Means followed by different letters in the same line are significantly different (P<0.05).

The premolt period was significantly
(P<0.05) shorter for the nymphs that originated males
(mean of 17.2+0.93days) than for the nymphs that
originated females (mean of 17.7+1.00days), both
ranging from 15 to 20 days (Table 1).

DISCUSSION

In this study, we used engorged nymphs
of A. auricularium that were collected between the

7" and 12" day after infestation of four tick-naive
rabbits experimentally infested. Some authors who
used the same technique recovered engorged nymphs
of H. leporispalustris between the sixth and ninth
days after infestation (FREITAS et al., 2000), while
others recovered nymphs of R. sanguineus on the
third day after infestation (BARBIERI et al., 2003),
all with weight lower than what was observed in A.
auricularium this study.
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Figure 1 - Proportion of nymphs that originated males and females of Amblyomma
auricularium on each day of recovery.
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Significant difference (P<0.05) was
observed between the mean weights of the
experimental groups, which was similar to what was
found by LABRUNA et al. (2002) for A. tigrinum.
When engorged nymphs of A. auricularium were
divided into frequency classes (Figure 2), according
to the weight and sex of the emerging adults, it was
observed that both males and females originated from
nymphs that weighed between 2.5mg and 8.9mg. A
higher percentage of the nymphs that originated males
were concentrated in groups of lower weight, while
nymphs that originated females were concentrated
in higher weight classes. Engorged nymphs of A.
auricularium weighing less than 2.5mg solely
originated males, while nymphs weighing more than
8.9mg solely originated females.

In relation to A. cajennense (OLIVIERI et
al., 1986, BARBIERI et al., 2001) and R. sanguineus
(BARBIERI et al., 2003), overlapping weight classes
between nymphs that originated males and females
were also observed. For these species, this parameter
was considered impractical for predicting the sex
of the adult form. However, for A. auricularium,
despite the wide range of overlapping weights, this
parameter should not be discarded given that the
nymphs weighing less than 2.5mg and more than
8.9mg only originated adults of one sex.

According to HU & ROWLEY (2000),
females are generally heavier than males because they
need more nutrients from the host’s blood for their

continued development. OLIVER (1977) affirmed that
the feeding behavior of nymphs may be affected by
sex chromosomes. As a result, nymphs that develop
into females may be more aggressive when feeding, in
relation to the nymphs that originate males.

It has been documented in the literature
that periods of engorgement and premolt regulate
the emergence of early males. PRATA et al. (1998)
observed a higher percentage of males among the
nymphs collected on the first days of recovery.
BARBIERI et al. (2001) observed that the period of
engorgement was longer for nymphs of A. cajennense
that originated females, because 61% of the nymphs
that originated males engorged in less than four days,
while 78% of the nymphs that originated females
took more than five days to complete engorgement.

In relation to engorged nymphs of H.
leporispalustris, FREITAS et al. (2000) observed
that a higher percentage of the nymphs recovered
in the early days originated males. By the day that
was the mode for the numbers of nymphs dropping,
the proportions of nymphs that originated males and
females had become equal, and then a higher number
of nymphs that originated females was observed
on the last days of recovery. A similar pattern was
observed among the nymphs recovered from A.
auricularium in the present study (Figure 1): on the
first days of recovery, there were greater numbers of
nymphs that originated males, while the last days of
recovery produced greater numbers of nymphs that
originated females of A. auricularium.
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Figure 2 - Distribution of relative frequencies of engorged nymphs of Amblyomma auricularium
that originated males and females according to weight range.
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Regarding the premolt period of A.
cajennense, BARBIERI et al. (2001) observed that
it was shorter for nymphs that originated males, in
the same way as seen in the present study. Despite the
statistical difference observed, the results were very
close to being biologically similar.

RECHAV & KNIGHT (1981) stated that by
means of the lengths of the engorgement and premolt
periods, early emergence of males is regulated such
that when one of the periods is on average shorter for
nymphs that originate males, the other is similar for
the two sexes.

CONCLUSION

Based on our analysis, despite the
statistical significance of the data, it was found not to
be possible to achieve accurate prediction of the sex
of the adults based on the lengths of the premolt and
engorgement periods. These factors could only be
used in cases in which there was a higher prevalence
of one sex over the other.

Despite the large area of overlap of the
weights of engorged nymphs, between those that
resulted in adult males and those that resulted in
females, this parameter can be used to predict the sex
of the adults at the extremities of the weight range,
given that these weight ranges originated adults of a
single sex.
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