
Onderstepoort J. vet. Res., 54,439-441 (1987) 

TICK PHEROMONES 
R. GOTHE, Institute for Comparative Tropical Medicine and Parasitology, Leopoldstrasse 5, D-8000 Munich 40, 

Germany 

ABSTRACf 

GOTIIE, R., 1987. Tick pheromones. Onderstepoon Journal ofVeterinary Research, 54,439-441 (1987) 

According to their activity profiles tick pheromones can be characterized as assembly pheromones, aggre
gation/attachment pheromones, pre-attachment or pre-feeding pheromones, attractant sex pheromones, contact 
sex pheromones, fecundity-reducing pheromone and various unllrouped pheromones. This paper gives .a short 
review of the chemical characteristics, biological roles, and activity periods as well as the sites of productton and 
release of tick pheromones. 

INTRODUCfiON 

Pheromones are highly potent, intraspecifically active 
biosubstances, which are released on the skin or outer 
surface of an individual and are perceived by other indi
viduals of the same species. These biosubstances act as 
chemical messen~ers or mediators by initiating and 
maintaining spectes-inherent response patterns and 
modes of behaviour. 

According to their activity profiles tick pheromones 
are characterized as: (1) assembly pheromones, (2) 
aggregation/attachment pheromones, (3) pre-attachment 
or prefeeding pheromones, (4) attractant sex phero
mones, (5) contact sex pheromones, (6) fecundity-reduc
ing pheromone and (7) various ungrouped pheromones, 
which are not discussed in this paper. This classification 
system for tick pheromones, however, is probably arbi
trary and is only provisional, because our knowledge of 
these biosubstances is still extremely limited. 

1. ASSEMBLY PHEROMONES 

These serve to concentrate off-host tick populations in 
optimal microenvironments. They occur mostly in arga
sid ticks, but probably also in ixodid species of the 
genera Ixodes and Aponomma, and possibly even in 
Amblyomma, Hyalomma and Rhipicephalus. The chemi
cal nature of assembly pheromones, which exhibit a high 
degree of interspecific and interstadial activity, has not 
yet been elucidated. For Argas (Persicargas) persicus, 
Argas (Persicargas) walkerae and Ornithodoros mou
bata it has been shown that assembly pheromones are 
thermostable and non-volatile, with activity persisting 
for up to 3 months after storage at -25 °C. Their activity 
is retained only if the pheromone-impregnated filter 
paper discs are extracted with either physiological saline 
or water, but not with ether, benzene , acetone, pentane 
or methanol. A major component of these pheromones, 
at least for A. (P). walkerae, is guanine, which serves as 
a potent attractant for both engorged and unfed I st and 
2nd stage nymphs as well as for male and female 
imagines. Guanme, however, is certainly not the only 
constituent of the pheromone, because the response to It 
is lower than that to the naturally occurring pheromone 
(Gothe, 1983b; Gothe, Week & Kraiss, 1984; Neitz & 
Gothe, 1984). The adaptive role of guanine as an assem
bly pheromone has also been demonstrated for A. (P.) 
persicus, Amblyomma cohaerens and Rhipicephalus 
appendiculatus (Otieno, Hassanali, Obenchain, Stem
berg & Galun, 1985). 

2. AGGREGATION/ATTACHMENT PHEROMONES 

These are defined as inducers for regulating attach
ment to the host's body at sites where conspecific males 
have attached and fed. This pheromone-ty~ is produced 
solely by male ticks, and in effective quanttties only after 
completion of spermatogenesis. It attracts unfed males 
and females and even nymphs and thus results in aggre
gation of the sexes in close proximity to one another 

Received 24 March 1987- Editor 

439 

(Sonenshine, 1984, 1985). It is relatively species-spe
cific and known so far only in Amblyomma spp. and in 
Rhipicephalus evertsi evertsi. 

The pheromone-directed interactions in Amblyomma 
hebraeum and Amblyomma variegatum, the main vectors 
of Cowdria ruminantium, are governed primarily by 
male ticks which have fed for at least 5 days, with maxi
mum activity taking place after infestation for 8 days 
(Gothe, l983a; Sonenshine, 1984, 1985). The function 
of this pheromone, which is almost entirely specific and 
is attractive to unfed conspecific males and females, is to 
guarantee orientation on the host and to mark settling 
sites adjacent to fed males. This assists matin~ success 
and isolates different tick species, thus minimizmg inter
specific copulations. Copulation itself is regulated by a 
female pheromone which is emitted by female imagines 
which have been attached for 5 days and is attractive 
probably only for male ticks (Rechav, Parolis, White
head & Knight, 1977). 

According to preliminary studies, the aggregation/ 
attachment pheromone of A. hebraeum, and possibly 
also A. variegatum, is believed to consist of at least 2 
active fractions. These tri~ger off 2 different behaviour 
patterns. One comJ?Onent IS species-specific in its activ
Ity profile, regulatmg the attraction and orientation on 
the host, while the other is non-specific and designed to 
encourage and accelerate the process of attachment (Nor
val & Rechav, 1979; Rechav & Whitehead, 1979). The 
multi-component composition of this type of pheromone 
was conftrmed for A. variegatum by demonstrating that 
the aggregation/attachment pheromone of 10-day-fed 
male ticks consists of 3 volatile compounds: 0-nitrophe
nol , methyl salicylate, and pelargonic acid, in concentra
tions of 2,0; 1,0 and 8,0 11-g per tick respectively. The 
isolation of individual components revealed that only 0-
nitrophenol induces orientation and dynamic aggregation 
without mounting and clasping, while methyl salicylate 
and pelargonic acid complete the action of 0-nitrophenol 
by evoking mounting and clasping behaviour. The latter 
compounds induce no aggregation response when 
offered separately. A synthetic pheromone blend com
posed of all 3 components, of which the activity thres
hold was found to he within a range of a few nanograms, 
evoked a complete aggregation response including 
mounting and clasping (Schoni, Hess, Blum & Ram
stein, 1984). 

From experimental data it can be deduced that fed R. 
evertsi evertsi males also liberate a volatile aggregation! 
attachment pheromone that is soluble in hexane and di
ethyl ether. This is emitted after an infestation period of 
at least 5 days via their foveae dorsales and is released in 
reaction-inducing quantities, sufficient to produce aggre
gation of unfed male ticks and to a lesser degree also of 
unfed females (Gothe & Neitz, 1985b; Neitz & Gothe , 
1986). 

3. PRE-ATTACHMENT OR PRE-FEEDING PHEROMONES 

The aggregation/attachment pheromones probably 
form only one link in the chemical signal chain of male 
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ticks. It has been demonstrated for R. evertsi evertsi and 
other metastriate tick species that various pre-attachment 
or pre-feeding pheromones are involved as inducers of 
an mitial orientation of both sex partners in the pre-para
sitic phase and their subsequent attachment adjacent to 
one another after finding a host. Probabl>.: the 1st link, as 
has been shown for R. evertsi evertsi (Gothe & Neitz, 
1985b), is a volatile, water-soluble pheromone pro
duced by unfed .males. This is highly attractive for other 
unfed males and also females. 

In addition to the volatile, water-soluble pheromone, 
unengorged males emit a non-volatile contact phero
mone which is attractive only to female ticks. Thts con
tact pheromone, which is probably complementary to the 
volatile water-soluble male pheromone, is emitted even 
after the males have found a host. Thus newly arriving 
female ticks are further stimulated to attach near male 
sexual partners (Gothe & Neitz, 1985b). It has been 
shown for other metastriate tick species that female 
contact pheromones also participate in pheromonal com
munication during the pre-parasitic phase (Hajkova, 
Bouchalova & Leahy, 1980; Leahy, Kovacic, Mannion 
& Schulze, 1983). However, the chemical characteris
tics of these pheromones are still unknown. 

4. AITRACfANT SEX PHEROMONES 

After successful infestation, the intersexual and mat
ing behaviour of metastriate ticks is initiated and directed 
by sex pheromones, which can be differentiated as 
attractant and contact sex pheromones. The possible par
ticipation of other pheromone types, however, is not 
excluded. Attractant sex pheromones are emitted only by 
attached feeding female ticks and serve to attract fed or 
feeding sexually competent males, initiating specific re
actions. These reactions are manifested by interruption 

·of feeding and excitation as well as recognition of and 
orientation towards females. This eventually guarantees 
sexual partnership with copulation. 

The response to the attractant sex pheromone, per
ceived through chemoreceptors of Haller's organ on tar
sus I, is quantitatively and qualitatively also dependent 
on the duration of infestation. This is because male ticks 
only react adequately to the pheromone stimulus from 
the 3rd day of infestation onwards. 

The only sex attractant pheromone thus far clearly 
proved and experimentally confirmed in at least 13 
species of the genera Dermacentor, Amblyomma, Hya
lomma, Haemaphysalis and Rhipicephalus is 2,6-dichlo
rophenol, which is produced and stored in the paired 
foveal glands and released via the foveae dorsales. This 
compound is probably produced by the ticks through 
biosynthesis and is possibly combined with.Iipids in the 
foveal glands to mask its tissue toxicity until its secretion 
(Berger, 1974; Sonenshine, Silverstein & Homsher, 
1979; Sonenshine, Gainsburg, Rosenthal & Silverstein, 
1981; Sonenshine, 1984, 1985; McDowell & Waladde, 
1986). It is probably catecholamine-mediated, because 
treatment of female Dermacentor variabilis with cate
cholamine-inhibiting agents such as reserpine or DL-a
methyl-m-tyrosine methyl ester hydrochloride reduced 
the activity and the concentration of this sex pheromone. 
In contrast, fe~ales injected with dopamine exhibited 
an . elevated· pheromone content (Sonenshine, Silver
stem, West, Carson, Homsher, Bennet & Taylor, 1985): 
The !ncreased concentration of ecdysteroids following 
eclos10n of female Hyalomma dromedarii (Dees, 
Sonenshine & Breidling, 1985) as well as increased sex 
pheromone production after treatment with exogenous 
20-0H ecdysone (Dees, Sonenshine & Breidling, 1984) 
may reflect an integrated role of these compounds in the 
stimulation of 2,6-dichlorophenol production. 
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Whether, and to what extent, other chemical sub
stances are involved in the sexual intercommunication of 
metastriate ticks is still unknown. The pheromones 
responsible for this intercommunication in Rhipicepha· 
Ius sanguineus and Boophilus microplus were described 
as slightly acid phenol compounds which are related to 
thymol (Berger, Dukes & Chow, 1971; Chow, Lu, Peng 
& Cheng, 1972). Phenol and p-cresol have been isolated 
from 2 Rhipicephalus spp. and from pre-infested female 
R. appendiculatus as well as Rhipicephalus pulchellus 
(Wood, Leahy, Galun, Prestwich, Memwald, Purnell & 
Payne, 1975). Either on their own or in combination 
these compounds were exciting to male ticks. With p
cresol, strong excitation reactions were also induced 10 
male R. sanguineus (Chow, Wang & Lin, 1975). 

Investigations with A. (P.) walkerae have proved that 
female ticks emit volatile biosubstances, probably in
cluding a sex pheromone. Replete sexually active males 
reacted more strongly than other stages towards filter 
paper discs impregnated with volatile substances drawn 
from the extraintegumental spaces surrounding engorged 
female imagines. These females could emit pheromone 
through the genital aperture only and the volatile sub
stances were collected in hexane or liquid air (Neitz & 
Gothe, 1984; Gothe & Neitz, 1985a). 

As 2,6-dichlorophenol is a sex attractant I?heromone 
in so many metastriate tick species specific sttmuli must 
account for the high degree of reproductive isolation 
even in sympatric species. This spe<:tes-isolating process 
may operate through differences 10 the natural concentra
tion or emission of 2,6-dichloroi?henol. Thus mate-seek
ing males respond to a very limtted concentration range 
only, as has been demonstrated for Hl.alomma spp. 
(Khalil, Nada & Sonenshine, 1981; Khahl, Sonenshine, 
Sallam & Homsher, 1983). Or the modus OI;lCrandi may 
be associated with species-specific copulatton-eliciting 
pheromone(s) (Sonenshine, Khalil, Homsher & Mason, 
1982; Khalil eta/., 1983; Sonenshine, Homsher, Carson 
& Wang, 1984). 

5. CONTACf (MATING STIMULANT) SEX PHEROMONES 

Research findings suggest that in Dermacentor ander
soni and D. variabilis (Sonenshine et al., 1982) as well 
as in H. dromedarii and Hyalomma anatolicum excava
tum (Khalil et al., 1983) probably 2 separate phero
mones, designated as contact (mating stimulant) sex 
pheromones (Sonenshine, 1985), are responsible for 
eliciting male copulation. The 1st, a non-specific contact 
pheromone, gutdes the sexually active male to the 
female gonopore and the 2nd, also a contact pheromone, 
recognizes the conspecifity of the female partner and its 
sexual readiness. 

Observations that males encountering females of 
other species probe their gonopores, but abort mating 
attempts, support the existence of the 1st pheromone. 
Evidence for the species-specific contact sex pheromone 
exists in the reduction, or even elimination, of copula
tion with s~rmatophore-transfer, after washing the geni
tal area wtth hexane or acetone or after microsurgical 
severing of the vulva from the genital ~rture. Percep
tion of these contact sex pheromones tn Dermacentor 
spp. is probably accomplished by chemoreceptors on the 
cheliceral digits (Sonenshine et al., 1984; Sonenshine, 
Silverstein, Brossut, Davis, Taylor, Carson, Homsher & 
Wa~g. 1985). The chemical identity of these phero
mones, however, is still unknown. 

A similar excitatory sex pheromone, classified as a 
contact sex pheromone (Sonenshine, 1985) and also not 
yet identified, is believed to be released by females of 
Ornithodoros erraticus with their coxal fluid. This, even 
if it is of heterospecific origin to that of 0. moubata 
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and Ornithodoros tholozani, attracts male imagines and 
stimulates copulation. The pheromonally evoked court
in~ behaviour, however, is exhibited only in association 
with female ambulatory activity, thus !'roving that both 
pheromone and recognition of a behavioural eattem are 
essential components of the mating process (Schlein & 
Gunders, 1981). 

6. FEcUNDITY-REDUCING PHEROMONE 

In argasid ticks, apart from assembly and sex phero
mones, a 3rd type is described as a fecundity-reducing 
pheromone. This is produced in Argas (Persicargas) 
arboreus and is perceived only by fed adult ticks. It 
affects most, and possibly all, females in crowded condi
tions. It is considered to be a primer pheromone, pro
bably causing alteration in normal vitellogenin synthesis 
and/or uptake and deposition in oocystes, thus resulting 
in reduced fecundity (Khalil, 1984). The source and 
nature of this pheromone has not yet been determined. 
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