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INVESTIGATION INTO THE PARTICIPATION OF MALE PHEROMONES OF RHIPI-
CEPHALUS EVERTSI EVERTSI DURING INFESTATION
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ABSTRACT

GOTHE, R. & NEITZ, A. W. H., 1985. Investigations into the participation of male pheromones of
Rhipicephalus evertsi evertsi during infestation. Onderstepoort Journal of Veterinary Research, 52, 67-70.

(1985)

It was shown in this study that Rhipicephalus evertsi evertsi males emit pheromones in the preparasitic as
well as in the parasitic phases. Conspecific unengorged male and female images exhibited a high response to
water-soluble volatiles collected from unengorged males. A vigorous assembly of unfed female R. evertsi evertsi
occurred on filter paper discs which had been in contact with either unfed or 5- and 9-day fed males. Progress-
ively increasing percentages of conspecific unengorged males reacted to organic soluble volatiles obtained from
5- and 9-day fed males as well as to hexane washings of intact males which had fed for 9 days.

It is concluded that R. evertsi evertsi males participate not only as pheromone receptive, but also as
pheromone emitting, partners in the intraspecific communication of this tick species.

INTRODUCTION

The search for, location, exploration and exploitation
of a host is an essential part in the biology of all ticks and
thus the basis of their damaging effect on their hosts. The
reaction sequence in this ecophase, which occupies only
26 % of the life-span of an individual tick, is basically
identical for the 800 described tick species, and may be
presented as a 10-step series of events. It starts with the
sensation of hunger by the ticks and is followed by appe-
tence behaviour, pelage contact, exploration of the infes-
tation site, penetration of the skin, attachment, food
ingestion, engorgement and withdrawal of the mouth-
parts; it ends with the ticks leaving the host (Waladde &
Rice, 1982).

It can be inferred that these successive activities, be-
fore, during and after infestation, are phases of a total
process. Furthermore, it is anticipated that not merely a
single entity but rather a series of stimulating agents,
determine the course of events. These agents, however,
have been only partially investigated for some tick spec-
ies. With respect to the function of pheromones of
metastriate species, studies have been confined mainly to
their influence on the initiation of a sexual partnership.
Consequently, female and male pheromones have been
differentiated qualitatively and very schematically
according to which sex of a particular metastriate tick
species acts either as the primary or the exclusive phero-
mone receptor or as the predominant pheromone emitter
(Gothe, 1983).

This rigid classification of either 1 sex or the other as a
pheromone-emitting or a pheromone-reacting partner is,
however, unfounded. It is not to be understood as an
~vpression of a species-typical adaptation mechanism in

: very complex interrelations between individual
metastriate tick species and their hosts. This is also true
for R. evertsi evertsi, for which the females have been
described as predominantly the pheromone-emitting
partners (Schniewind & Gothe, 1982), However, it has
been shown (Gothe & Burkhardt, 1981) that an anal-
ogous cellular organization of the foveal glands, which
are vital for the production of pheromone, exists in male
as well as in female ticks and that the morphological
integrity of this organ is preserved in males only, even
after very long periods of infestation.

Male metastriate imagines remain sexually active even
after long periods of being attached to the host and are
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capable of multiple inseminations (Pervomaisky, 1954,
Rechav & Oppenheim, 1969; Gladney & Drummond,
1970; Oliver, 1974; Norval, 1974; Londt, 1976; Thomp-
son, Davy, Osburn & Cruz, 1980; Jordaan & Baker,
1981; Davey, Osburn & Castillo, 1983). Because the
morphological integrity of the foveal glands persists,
they can possibly emit pheromonal stimulating sub-
stances over a long period. Favourable attachment areas
are probably marked by this means, so that newly-arriv-
ing ticks are immediately attracted to them. Experimen-
tal proof of the action of male pheromones in the infest-
ation process of R. evertsi evertsi, however, is lacking.

The present study was therefore undertaken to investi-
gate whether R. evertsi evertsi males can produce and
emit pheromones and to determine the reactions of both
female and male imagines towards conspecific exposure
to male pheromones. An analysis of pheromone volati-
lity was also undertaken.

MATERIALS AND METHODS
Origin and rearing of ticks.
Laboratory colonies of R. evertsi evertsi, originally
established from ticks collected in Nelspruit, Republic of

South Africa, in 1971, were maintained and reared in an
incubator at 27 °C and 90-95 % R.H.

Collection of male R. evertsi evertsi pheromones

Pheromones were collected from unengorged R. ever-
tsi evertsi males and from males that had fed for either 5
or 9 days on sheep. Pheromones were obtained by (a)
volatilization from effluent air drawn over ticks, (b) con-
tacting ticks with filter paper discs, and (c) washing in-
tact ticks with hexane.

(a) Collection by volatilization. Two methods were
employed, both of which were performed at 24 °C and
70-80 % R.H. In the 1st method (Sonenshine, Silver-
stein, Collins, Saunders, Flynt & Homsher, 1977; Neitz
& Gothe, 1984), 100 male ticks were placed in a cylin-
drical container of 40 cm® capacity with an inlet 10 mm
in diameter and an outlet of 3 mm diameter. To prevent
the ticks escaping both openings were closed by thin
cotton wool plugs. Air was drawn through the container
at a flow rate of 40 cm®/min by means of a vacuum pump
connected to two 25 cm® capacity glass vials, each con-
taining 5 cm’® hexane and 5 cm® 0,5 M NaOH. To mini-
mize evaporation, the vials were cooled with ice. After a
collection period of 4 hours, the hexane-NaOH mixtures
were combined and neutralized with 0,5 M HCI. After
vigorous shaking, the 2 phases were separated and each
was bioassayed for the presence of volatile pheromones.
A control collection was performed as described above,
omitting the ticks.






dence and finally the total arrest of emission of the phe-
romone in 5- and 9-day preinfested male ticks.

In addition to the volatile water soluble pheromone,
unengorged male imagines also emit a non-volatile phe-
romone which is attractive only to the female ticks. Ini-
tially this helps the 2 sexes to make contact off the host
and then stimulates them to attach close to each other on
the same host. The emission of this contact pheromone
persists even after the males have found a host. This is
clearly shown by the high aggregation rates of 73 %, 73
% and 87 % for female ticks on paper discs contact-im-
pregnated by unfed as well as 5- and 9-day preinfested
males. Thus newly arriving female ticks are further sti-
mulated to attach near their male sexual partners.

The pheromone liberated by 9- day preinfested male
ticks, however, attracts unengorged males as well as
females. It is probably complementary to the volatile
water-soluble male pheromone. Because of its extended
action on both sexes, this biosubstance is thought to be a
mixture of at least 2 pheromones, of which the intrasex-
ually active component is presumably emitted by male
ticks only after an infestation period of more than 5 days.

The hexane and diethyl ether soluble, volatile, male
pheromenes, however, form a fundamental part of the
pheromonally controlled regulation mechanism of male
ticks during infestation of the host. These pheromones
are emitted during the period of maximal hypertrophy
and hyperplasia and highest granular concentration of the
foveal glands (Gothe & Burkhardt, 1981). They are
released after an infestation period of at least 5 days in
reaction-inducing quantities, sufficient to produce
aggregation of male ticks only. It can be postulated that,
because of the long period of sexual activity of male
ticks and their capability for multiple inseminations (Per-
vomaisky, 1954; Rechav & Oppenheim, 1969; Gladney
& Drummond, 1970; Oliver, 1974; Norval, 1974;
Londt, 1976; Thompson ez al., 1980; Jordaan & Baker,
1981; Davey et al., 1983), the function of this phero-
mone is to guarantee orientation on the host and mark the
most suitable settling sites for newly arriving male ticks.
Simultaneously, but to a lesser degree, female ticks are
also attracted. These newly attached male imagines sub-
sequently liberate the water soluble, volatile phero-
mones, to which high percentages of both male and fe-
male imagines respond. The contact pheromone may
also be involved in this process. This favours the orienta-
tion of the next adult population and the attachment of
female ticks in the vicinity of sexually competent part-
ners.

It may be concluded from these investigations that the
pheromonally directed interrelations between R. evertsi
evertsi and its host are extremely complex. Furthermore,
both sexual partners of this tick species are involved in
pheromone reception as well as pheromone emission
during the establishment of their reproductive associa-
tion. The whole course of their biological activities up to
copulation and fertilization of the female ticks is thus
regulated by changing pheromonal stimulants.

A volatile, water soluble male pheromone and, by
analogy with other metastriate tick species, most prob-
ably also a female pheromone (Hajkova et al., 1980;
Leahy er al., 1983), initially determine the behaviour of
the adult ticks. The 2 sexes are thus brought together
while they are still in the preparasitic phase. A further
non-volatile pheromone enhances this effect. After
successful infestation, the intersexual behaviour of R.
evertsi evertsi is initiated and directed by a female phero-
mone. This is in conformity with other metastriate tick
species but contrary to the situation seen in the Amb-
lyomma species, maculatum, hebraeum, variegatum,
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gemma, lepidum, eburneum and cohaerens (Sonenshine,
Silverstein & Rechav, 1982; Berger, 1983; Leahy &
Booth, 1983; Rechav, 1983a,b; Shoeni, Hess, Blum &
Ramstein, 1983). This female pheromone is emitted dur-
ing repletion only and, even with sexually still inactive
male imagines, it initiates specific reactions. These reac-
tions are manifested by interruption of feeding and excit-
ation as well as recognition of an orientation towards
females; this eventually guarantees sexual partnership
with copulation (Gothe, Schniewind & Burkhardt, 1982;
Schniewind & Gothe, 1982).

This response to the stimulus is quantitatively and
qualitatively also dependent on the duration of the infes-
tation, because male ticks can only adequately or opti-
mally perceive the pheromone stimulus from the 3rd day
of infestation onwards. The pheromone is perceived
mainly, or possibly exclusively, through the chemo-
receptors of Haller’s organ or tarsus I; male R. evertsi
evertsi react satisfactorily only if their functional and/or
morpholigcal integrity is maintained. The pedipalps, ~n
the other hand, cannot recognize the pheromonal stim
The production and emission of this pheromone is mor-
phologically associated with the foveal glands and the
fovea dorsales respectively. If these are selectively
blocked on potentially attractive females, the response to
stimuli by sexually competent male imagines is either
partially or fully depressed (Gothe et al., 1982; Schnie-
wind & Gothe, 1982).

During the infestation phase there may be, by analogy
with Dermacentor spp. (Sonenshine, Khalil, Homsher &
Mason, 1982) and Hyalomma spp. (Khalil, Sonenshine,
Sallam & Homsher, 1983), additional pheromones
involved in R. evertsi evertsi which are emitted through
the genital aperture. These pheromones guide the sex-
vally active male imagines to the female gonopore. They
may either trigger intraspecific copulation with implanta-
tion of the spermatophore and/or prevent interspecific
mating.
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