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Isolation of 2,6-Dichlorophenol from the Cattle

Tick Boophilus microplus: Receptor Cell
Responses but No Evidence for a
Behavioural Response

MARIEN DE BRUYNE,* PATRICK M. GUERIN*

2,6-Dichlorophenol, a compound known as a sex pheromone for several metastriate tick species, was
isolated from different life-stages of the cattle tick Boophilus microplus. Receptor cells in two wall-pore
single-walled sensilla on the tarsus I of male ticks responded to this compound in a dose-dependant
manner. Using these receptors as specific detectors for compounds in the effluent of a gas
chromatograph, we detected 2,6-dichlorophenol in extracts of females, males, engorged nymphs and
larvae of this one-host tick, but not in an extract of eggs. No other components of the extracts elicited
responses from these olfactory sensilla. However, male B. microplus were not arrested on a glass bead
treated with 2,6-dichlorophenol and placed on a membrane in a host-simulating arena, whereas a bead
treated with a female extract did evoke a strong arrestment response. In addition, no odour-conditioned
anemotaxis, change in angular velocity or speed of males walking on a locomotion compensator was
observed in response to this compound in a conditioned air-stream. We could therefore not establish

a role for 2,6-dichlorophenol on its own as a semiochemical in males of this species.

Boophilus microplus Tick Pheromone 2,6-Dichlorophenol Walking-behaviour Arrestment

INTRODUCTION

Berger et al. (1971) found that one fraction of a
dichloromethane extract of female ticks excited males
of three species, resulting in responses typical of
mating behaviour. The compound responsible for this
behaviour was subsequently identified as 2,6-
dichlorophenol (referred to hereunder as 2,6-DCP) from
Amblyomma americanum (L.) (Berger, 1972), and has
since been isolated from at least 14 species of metastriate
ticks (Sonenshine, 1985). It has remained the only
positively identified volatile sex pheromone common to
the Ixodidae, though other phenols have also been
suggested (Wood et al., 1975). However, the precise
behavioural role of 2,6-DCP has not been fully investi-
gated in any species. The foveal glands, with terminal
ducts ending in the fovea dorsalis on the tick’s dorsal
cuticle, are thought to be the source of 2,6-DCP pro-
duction (Sonenshine et al., 1981). Foveae dorsales are
apparently present in all life-stages of metastriate ticks
but not in prostriates such as Ixodes ricinus L (Schulze,
1942; Dinnik and Zumpt, 1949).
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2,6-DCP causes detachment of males of different
species of ticks and induces displacement towards fe-
males in experiments on the host (Sonenshine, 1985).
However, in Hyalomma dromedarii Koch it acts only as
a male attractant at relatively short distances on the host
and appears not to be attractive when offered in an
air-stream off the host (Khalil e al., 1981). Attraction
was observed in both male Dermacentor andersoni Stiles
and Dermacentor variabilis (Say) to a wide range of
concentrations of this product (Sonenshine et al., 1976),
thus providing no basis for species specific concentration
dependent responses.

Sex pheromones acting over a distance, till now
unidentified, have also been described in Hyalomma
asiaticum Schulze and Schlottke (Leonovich, 1981) and
three Australian reptile ticks (Bull and Andrews, 1984).
In the latter three species the excitant volatile appears to
be species specific. A different class of pheromones,
emitted by male ticks and mediating aggregation and
attachment on the host, has been described for several
Amblyomma species (Gladney et al., 1974). These phero-
mones generally consist of a mixture of phenols and
short chain fatty acids (Schoni et al., 1984; Apps et al.,
1988).



Receptor cells responding to 2,6-DCP were inves'q'-
gated with tungsten electrodes by Haggart and Davis
(1981) in 4. americanum (L.) and responses were thought
to originate from a wall-pore single-walled (Wp-sw)
sensillum in the anterior pit of Haller’s organ on the
tarsus of the first leg pair: the d IT 1 of Hess and Vlimant
(1986). A study in Rhipicephalus appendiculatus Neu-
mann and A. variegatum (Fabricius), using the tip
recording technique, confirmed the presence of a similar
receptor in the corresponding sensillum (Waladde,
1982). The latter also showed that responses to 2,6-DCP
can be obtained from another wp-sw sensillum posi-
tioned more distally on the dorsal surface of the tarsus:
the d I 1 of Hess and Vlimant.

B. microplus (Canestrini) (Acari: Ixodidae) is a one-
host ixodid tick. Contrary to other tick species pre-
viously investigated for sex pheromones, this tick passes
through all its life-stages on the same bovine host.
Widely distributed in the tropical- and sub-tropical
regions, it is a vector for anaplasmosis and babesiosis
and causes severe economic losses to cattle ranching.
Very little is known about the mating behaviour and
chemical ecology of this species. Chow et al. (1972)
isolated a fraction from extracts of female B. microplus
with similar chromatographic properties as that found
active by Berger et al. (1971), but did not go so far as
to identify what they called ““a phenolic compound”.

The olfactory wall-pore sensilla of B. microplus, hom-
ologous to those bearing 2,6-DCP receptors in other
Ixodidae, are highly innervated: the more distal d I 1
sensillum by five neurones and the d IT 1 by 15 neurones,
organized in three separate bundles of 5 (Hess and
Vlimant, 1986; Waladde, unpublished). ‘Our results
demonstrate responses to 2,6-DCP by sensory cells in
both of these sensilla and we use these receptors as
specific detectors to demonstrate the presence of 2,6-
DCEP in different life-stages of this species. Behavioural
bioassays were then used to detect possible responses of
adult males to this compound.

MATERIALS AND METHODS
Animals

Ticks were obtained from a laboratory colony at the
Ciba-Geigy Agricultural Research Station, St Aubin,
Switzerland and belong to the organophosphorus-resist-
ant strain Biarra from southern Queensland, Australia.
This strain has been reared on the backs of young
Simmental steers for 31 generations in closed stables at
23°C and 60-70% r.h. Under these circumstances males
appear on the 12th day after infestation and copulation
peaks at the end of the 15th day (Falk-Vairant et al.,
1994).

Engorged nymphs or adult males were collected by
carefully removing individuals from the host with for-
ceps, and were transported to the laboratory in a
humidified container. Engorged nymphs were kept in an
incubator at 32°C and about 100% r.h. until they
moulted, and adults were put on the ears of New
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Zealand White rabbits enclosed in cotton bags where
they readily attached. Electrophysiological experiments
were made with males that had moulted in the incubator,
whereas behavioural experiments were done with males
collected from the host before mating. When not on the
rabbits, ticks were kept at room temperature (22-28°C)
over water in closed containers to assure high relative
humidity.

Chemicals and extracts

Phenol, 2-nitrophenol, 4-methylphenol, 2,6-DCP and
other halogenated phenols (all >98%, GC), were ob-
tained from Supelco, USA; methyl salicylate (>99%)
and benzaldehyde (>98%, GC) from Fluka, Switzer-
land; all solvents (analytical grade) were from Merck,
U.S.A.

Ticks were extracted by submerging them for 2-6 h in
small volumes (0.5-5ml) of either dichloromethane or
hexane/dichloro-methane (1:1) and sonicating for
15 min (see Table 1 for details). The extract was removed
with a syringe and stored at —20°C. Air surrounding
semi-engorged females on the host was collected by
holding a glass cap (4.5 cm dia, 1 cm high) lightly against
a steer’s skin over a group of ticks. Air was sucked in
over a charcoal filter via a 3 mm i.d. inlet with a portable
air sampling pump (model 222-5, SKS Inc., U.S.A)) at
200 mi/min and volatiles were collected on Porapak-Q
(Waters Inc., Framingham, U.S.A.) conditioned accord-
ing to Byrne et al.(1975) and packed into a 2 ml glass
cartridge. A control air collection was made, by repeat-
ing the same procedure, from the steer’s skin alone after
removing the females.

Electrophysiology

A male tick (2-14 days old) was fixed with adhesive
tape on a glass plate with an anterior tarsus extended in
such a way that its sensilla were visible in the transmitted
beam of light on the stage of an inverse microscope
(Nikon, Diaphot-TMD at 600x, working distance:
15mm). Two olfactory wall-pore single-walled sensilla
on the tarsus of the forelegs were studied (Fig. 1), the d
IT 1 in the anterior pit of Haller’s organ (20 um long,
5 um dia at base) and the d I 1 on the knoll distal from
the Haller’s organ (36 um long, 5 um dia at base) (Hess
and Vlimant, 1986). To facilitate electrical contact, the
tip of the sensillum was cut using the tip of an oscillating
glass stylet (Godde, 1989), and a glass electrode filled
with 0.05% polyvinylpyrrolidon K90 (Fluka) in 0.15 M
KCI was immediately placed over it with the aid of a
micro-manipulator. The reference electrode filled with
0.15 M NaCl was inserted into the coxa of the same leg
and put to earth. The recording electrode was connected
via a chlorinated silver electrode to a high impedance
preamplifier, mounted on the micro-manipulator, and to
a universal a.c./d.c. amplifier (UN-03, Syntech, The
Netherlands) and signals amplified 1000 x . a.c. and d.c.
Signals were recorded separately on two channels of a
DAT recorder (DTR-1200, Biologic, France) and the



a.c. channel was played back via a DAS 16 analogue-
digital card (Metrabyte Corp., U.S.A.) into an IBM
compatible PC equipped with the spike analysis pro-
gramme SAPID (Smith er al., 1990).

Known amounts of chemicals dissolved in CH,Cl,
were pipetted onto filter paper strips (45mm?) and,
after evaporation of solvent, inserted into 5ml plastic
syringes serving as stimulus cartridges. Charcoal -filtered
humidified air at 26-28°C and 85-95% r.h. was blown
over the tick preparation at 60cm/s from a 6mm
i.d. glass tube whose orifice was at 2mm from
the preparation. A second air-stream (I ml/s) from a
blank cartridge was added to the main air-stream at
45mm from the preparation and solenoid valves were
used to switch for 1s to the cartridge containing the
stimulus.

Since it was not possible to consistently associate
responses to stimuli with distinct olfactory units in
the sensilla studied here, increase in action potential
frequency was calculated from the total number of
spikes counted in the second after stimulus arrival
minus the number in the second before stimulus
delivery. Mainly due to travel time in the glass air
delivery tube, a delay of 100 ms existed between solenoid
valve activation and arrival of the stimulus at the
sensillum as determined from the response to 1 ug of
synthetic 2,6-DCP on filter paper; the relatively high
dose was used to produce a sharp rise in spike activity.
Only recordings where signal to noise ratio was at
least 2:1 were analysed.

GC, GC coupled electrophysiology and GC-MS

Separation of extracts and comparison of peaks with
known amounts of synthetic standards was done with
cold on-column injection on a 30 m high resolution fused
silica capillary column (DB-wax, J&W Scientific,
U.S.A., 0.25 um film thickness, 0.25 mm i.d.) in a Carlo
Erba HRGC 5160 gas chromatograph (GC) with H, as
carrier gas at 1.5ml/min (0.5m/s) temperature pro-
grammed from 60°C after 1 min to 200°C at 25°C/min,
200 to 230°C at 5°C/min and held at 230°C for at least
Smin. ECD (Ni®) and FID detectors were installed in
series. Quantification was by peak area integration using
a Spectra-physics SP-4270 integrator and by comparing
with known amounts of standards injected in the same
session.

A splitter was installed allowing 60% of the capillary
column effluent to pass to the detectors and the remain-
der was led through a heated transfer-line in the oven
wall (at 250°C) into the conditioned airflow mentioned
above at 30 cm from the preparation. A level discrimina-
tor incorporated in the amplifier allowed us to sort
impulses from noise in the a.c. signal recorded from the
sensillum and impulse frequency was converted into a
d.c. voltage with a frequency to voltage converter (time
constant 1s). This voltage and the d.c. potential drop
recorded from the sensillum upon stimulation were used
as indicators of biological activity of eluting products
and printed simultaneously with ECD and FID re-
sponses on a chart recorder. A water-jacketed glass tube

TABLE 1. Gas chromatography linked electron capture and olfactory sensillum detection, and
gas chromatography linked mass selective detection of 2,6-dichlorophenol in different life stages
of B. microplus (amounts of 2,6-DCP detected are rounded off to one significant digit)

Also detected by

Sample 2,6-DCP

(number extracted in Extraction pgftick (ECD Olfactory
parentheses) method* peak area) sensillum MS

Immature Stages
Eggs 17 days old (10,000) CH,Cl, 6h 0 n.t. n.t.
Larvae 16 weeks old (1500) CH,Cl, 6h 2 drll n.t.
Engorged nymphs (50) CH,Cl, 6h 30 dIl n.t.
Adult Females
Pharate (45) CH,Cly/hex 5h 20 dIIi n.t.
Newly moulted in vitro (80) CH,ClL, 6h 300 dIl n.t.
1 day old (100) CH,Cl,/hex 3h 600 dIIT+dIl nt
2 days old (200) CH,Cly/hex 5h 500 dIl ++
3 days old (20) CH,Cly/hex 5h 300 n.t. n.t.
Fertilized 5 days old (67) CH,Cly/hex 2h 100 n.t. +
Unfertilized 5 days old (50) CH,Cly/hex 2h 400 n.t. ++
Adult Males
Pharate (215) CH,Cly/hex 5h 10 n.t. nt.
Newly moulted in vitro(76) CH,Cl, 6h 200 dIIl+dIl nt
1 day old (200) CH,Cl,/hex 3h 300 dII'l n.t.
2 days old (247) CH,Cl,/hex 5h 200 dI'l nt.
Air Sample
31 air over 25 host-attached =~ CH,Cly/hex 10 n.t. n.t.

Unfertilized females in 20 min

On Porapak®

*All extractions terminated with 15 min sonication. .
n.t., Not tested; hex., hexane; ECD, electron capture detector; MS, mass selective detector.



1 mV

1 ng 2,6-Dichlorophenol

R R T 10 ng 2,6-Dichlorophenol

T A ST 100 ng 2,6-Dichlorophenol

P e 100 ng 2-Nitrophenol

FIGURE 1. Characterization of olfactory receptors in two wall-pore single-walled sensilla on the dorsal side of tarsus I of male B. microplus

ticks. (A) Dorsolateral abaxial view of Haller’s organ and surrounding sensilla, showing the d I 1 (1) and d II 1 (2) sensilla. (B) and (C)

Electrical signals obtained by tip recordings of these two sensilla, the d I 1 (B) and the d II 1 (C) upon stimulation with different volatiles.

Stimulus dose is in ng of substance on filter paper in an odour cartridge from which air was displaced at 1 ml/s into a humidified air stream

of 60 cm/s flowing over the preparation. Horizontal bar represents 1s stimulus period. In (C) the frequency of the largest amplitude spike
is irregular but was not modified by any of the volatiles tested.



(8 mm i.d.), circulating water from a bath (28°C), served
to ensure constant conditions of the airflow (26-28°C,
80-90% r.h.) right up to the preparation. Any decline in
the activity of the preparation was monitored with a
100 ng dose of 2,6-DCP as stimulus which was added to
the air-stream as described above, before and after each
GC run and the responses calibrated.

Gas chromatography-mass spectrometry (GC-MS)
analyses were conducted with an HP-5971A mass selec-
tive detector (ionization energy 70eV, temperature
180°C) linked to a HP-5890 series II GC equipped with
the DB-wax column described above and programmed
from 60°C after 5 min to 230°C at 8°C/min and held at
230°C for 15 min with helium as carrier gas at a flow rate
of 1.2 ml/min. Mass spectra of unknowns were analysed
and compared with standards held in a library using the
HP Chemstation program on an HP IBM compatible
computer.

Behavioural bioassay 1: dummy female on a membranous
substrate

A 0.1-0.2 g glass bead (5 mm dia), roughened with a
wet-stone and flattened on one side to inhibit rolling
(3mm high), was placed in the centre of a round arena
(40mm dia) consisting of a Baudruche® membrane
(Joseph Long Inc., U.S.A.) stretched over a 0.9% NaCl
solution held at 36 +2°C on a warm plate. A 40 mm
high plastic tube placed around this arena and the
permeability of the membrane assured a constant r.h. of
>95%(Krober, unpublished). Two such arenas were
used simultaneously on the same warm plate, one bear-
ing a bead with a tick extract or 2,6-DCP applied with
a micro-syringe, the second treated with just solvent
alone as control. When 2,6-DCP was applied, both
beads were treated afresh for each tick having been
washed in solvent and heated to 42°C for 1min. The
treated bead was left on the membrane for 2-5min
before introducing the tick to allow bead temperature to
rise to that of the membrane.

A single male tick was released from a fine paintbrush
onto the top of the bead. Behaviour was viewed from
above and filmed at magnifications of 5x or 21 x with
a Canon CI-20P colour CCD video camera attached to
a Zeiss operational microscope (working distance:
25cm). Recordings were made on a JVC super VHS
video recorder (HR-S5500E) and played back for analy-
sis on a Sony Trinitron colour monitor. All males in a
given experiment were tested on both the control and
treated bead, half of them first on the control the other
half first on the test. Behaviour was quantified using The
Observer event recorder (Noldus Information Technol-
ogy, The Netherlands) (Noldus, 1991). A maximum time
of 180 s was allotted to each tick on the bead and/or
arena. The total time spent on the bead (contact time)
and on the arena around it (searching time) before the
tick’s first crossing of the edge of the arena to leave were
taken as parameters for statistical analysis with the
Wilcoxon signed ranks test on paired replicates (test vs
control).
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Behavioural bioassay 2: locomotion compensator and
wind-borne odours

To study the walking behaviour of male B. microplus
and its responses to wind-borne 2,6-DCP we used a
servosphere apparatus which serves to keep the animal
in a fixed position while permitting free displacement in
the horizontal plane (Kramer, 1976). A perspex sphere
(50 cm dia) with a rough painted surface is mounted
between two low-inertia servo motors capable of moving
it along two orthogonal axes. A tick is supplied with a
ca 1.5mm? piece of reflective foil (No. 7610, 3M,
Switzerland) attached to its dorsum and placed on the
sphere. A filtered incandescent light beam (40 mm dia,
filter cut-off at 780 nm) is projected on the upper pole of
the sphere. Light, reflected by the foil, hits a position
sensor which continuously generates information about
the displacement of the tick and this is used to drive the
servo-motors that compensate for the displacement, thus
holding the animal on the apex of the sphere. Two
incremental pulse generators supply information about
all 0.1 mm displacements of the sphere in the X and Y
directions every 0.1's and this is fed to a SAM II 68K
computer (KWS Inc. Ettlingen, Germany) for track
recording.

Temperature- and humidity-conditioned air was con-
tinuously blown from a water jacketed aluminium tube
(35mm 1.d.) fitted with an aluminium foil tube at its
mouth (70 mm long) supporting a honeycomb baffle to
reduce turbulence and ending in a rectangular mouth
(18 mm high, 35 mm wide) 3 cm from the sphere’s apex.
This air-stream (28°C, for humidity and velocity see
Table 2) arrived tangentially at the top of the sphere
where the tick walked. Stimuli were introduced to the
air-stream from a 25 ml gas-wash bottle via a silicone
tube and syringe needle inserted through a rubber
septum in the wall of the aluminium tube 23 cm from its
mouth. 2,6-DCP in solution was pipetted onto a 20 cm?
piece of filter paper and soaked in ca 0.5 ml paraffin oil
after evaporation of the solvent; a blank was made up
in an identical way with solvent only. Voltage/pressure
converters controlled the flow (240 ml/min) of the char-
coal filtered air through the gas-wash bottle, and
solenoid valves permitted air-stream switching from the
blank to the bottle containing the stimulus.

Male ticks were placed on the sphere and allowed to
adapt to the conditions for 8 min before testing. The area
around the sphere was kept dark with black curtains.

TABLE 2. Treatments delivered to male B. microplus on the loco-
motion compensator and percentage upwind displacement
(mean + SD) in control and test periods

Air conditions Upwind displacement (%)

2,6-DCP
Wind speed (%) rh.  dose (ng) Control  Test n
15 70 5000 14414 19425 12
15 90 5000 19419 9412 10
30 90 5000 749 11+12 9
15 90 500 9412 15+27 9
30 90 50 948 443 7




Each test consisted of a 60 s blank run followed by 60 s
with 2,6-DCP. The tracks were analysed on an IBM
compatible computer. Mean displacement of B. mi-
croplus males (2.5 mm body length) in 0.1 s was relatively
low compared to the sphere’s base resolution (0.1 mm),
leading frequently to inaccurate description of angles
associated with displacement segments. Displacement,
deviation angle from wind direction and turn angle
(difference between deviation angles of successive seg-
ments) were calculated instead for each 0.6 s segment (or
100 segments/min). Additionally, records of animals that
walked less than 0.5 mm/s for more than 50% of either
the test or control period were discarded. The following
statistics were calculated for control and test walk of
each animal: mean speed (displacement/time), median
angular velocity (absolute turn angle/time), circular
mean of the deviation angles (Batschelet, 1981), and
upwind displacement (sum of all segment lengths with a
deviation angle between 60° and —60° upwind, as a
percentage of the total displacement). Differences be-
tween test and control responses were evaluated with a
permutation test on paired replicates.

RESULTS

Electrophysiology of 2,6-dichlorophenol receptive sensilla

The spontaneous activity of cells in the d I 1 and d II
1 sensilla was highly variable and appears to be due to
the absence of certain cells in some recordings. Whether
this was due to cutting the tip of the sensillum is not
clear. A consistent separation of action potentials into
different cell classes was not possible. The overall spon-
taneous activity of olfactory cells in sensillum d I | was
generally lower and a clear response to stimulation was
obtained, whereas responses from the d II 1 were more
difficult to analyse (Fig. 1).

Responses were obtained to a range of synthetic
2,6-DCP loads on filter paper from both the d I 1 and the
d II 1 sensilla (Fig. 2). Higher doses tended to distort the
signal and cause long-lasting excitation, indicating satu-
ration. This effect occurred at lower doses in the d I 1
than in the d II 1. Though increases in global activity of
cells from the d I 1 in response to increasing doses of
2,6-DCP tended to be slightly higher, the regression lines
do not differ except for the fact that variation was
somewhat higher in responses from the d II 1. Olfactory
cells in both sensilla responded to five tick equivalents of
a total extract of either females or males (Fig. 1).

Recordings from the d II 1 showed responses to
2-nitrophenol in the same dose range as 2,6-DCP (Fig. 1)

100
— ‘o
w80 di1
<)
ﬂ‘:‘-' 60
35 T
8’ o
: o
o 401
)
=3
Q.
£ 20 - .
ﬂ o
0 T T T T
0.1 1 10 100 1000 10000
dose (ng)
100
- dii1 °
w80
)
&
S 60 +
o
o
© 40
R
=
aQ
£ 20-
<
0 o d T T T
0.1 1 10 100 1000 10000
dose (ng)

FIGURE 2. Dose-response relations for the combined activity of
olfactory cells in two sensilla on the tarsus I of male B. microplus ticks
(dI1and dII 1 of Fig. 1) in response to 2,6-dichlorophenol. Increase
in impulse frequency was calculated by subtracting the number of
impulses in the second before stimulus delivery from the number of
impulses in the second after stimulus arrival. Individual data points are
the means of three measurements on each of four ticks, each prep-
aration being exposed to all the doses. Trend lines fitted by linear
regression (Sigma Plot, Jandel Scientific, Germany).

and to 4-methylphenol at higher doses (> 100 ng). Both
of these products only excited the d I 1 sensory cells at
very high doses (>1000ng). Both sensilla also re-
sponded to 2,6-dibromophenol and 2,6-difluorophenol
(>100 ng).

GC, GC-electrophysiology and GC-MS analysis of
extracts

The retention times and elution characteristics on the
DB-wax column were determined for various com-
pounds known from ticks such as benzaldehyde, phenol,

FIGURE 3 (Opposite.)

FIGURE 3. Capillary gas chromatography linked single sensillum tip recordings of dichloromethane/hexane extracts of

females, males and larvae of B. microplus. Separation was done on a 30m DB-wax fused silica column, temperature

programmed from 60°C after 1 min to 200°C at 25°C/min and to 230°C at 5°C/min with H, carrier gas at 0.5 m/s, ECD detector.

Recordings of d.c. and a.c. signals were made from the d I 1 wall-pore single-walled sensillum on the anterior tarsus of a male

tick (cf. Fig. 1). Frequency to voltage conversion (time constant 1 s) was applied to the a.c. signal impulses while the d.c. drift

was compensated with an automatic base line return (time constant 1s). Note presence of one chromatographic peak eluting
at 213°C which evokes an olfactory response from within this sensillum.
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4-methylphenol (p-cresol), 2-nitrophenol (o-nitro-
phenol), methyl salicylate and 2,6-DCP, as well as for the
related products 2,4-DCP, 2,5-DCP, 2,6-difluorophenol
and 2,6-dibromophenol. One peak at the retention time
of 2,6-DCP in extracts of B. microplus larvae, nymphs
and adults (male and female) consistently caused a d.c.
potential drop and an increase in spike frequency of
receptor cells in the d I 1 or d IT 1 sensillum (Fig. 3) (see
also Table 1). The characteristically higher response of
the ECD compared to that of the FID (not shown here)
suggested a halogenated compound. The positional iso-
mers of 2,6-DCP and 2,6-dibromophenol elute later
whereas 2,6-difluorophenol elutes earlier than 2,6-DCP
on this GC phase. Using either the d I 1 or d II 1
sensillum as biological detectors, no consistent responses
have been observed to any other products eluting from
the DB-wax column in GC-electrophysiology analysis of
extracts of the different life-stages of B. microplus.
Identification of 2,6-DCP was based on the match
between the mass spectrum of the peak at the retention
time of 2,6-DCP in three different extracts and that of
the synthetic product. The higher amounts of 2,6-DCP
for females over males, as determined by ECD peak
integration, can well be ascribed to their higher average
body weight (Londt and Arthur, 1975), so that the
amounts of 2,6-DCP per gram body weight are approxi-
mately the same for both sexes (Table 1). Pharate adult
extracts contain this compound in quantities identical to
that of engorged nymphs but freshly moulted adults
already contain near adult quantities. Larval and
nymphal extracts also contain 2,6-DCP but clearly less
than in adults. 2,6-DCP was not present in detectable
amounts in an extract of eggs (1000 equivalents injected).

Behavioural bioassay on a dummy female

Male B. microplus placed on top of the control dummy
walked around on it for a brief period while periodically
raising their front legs, but left the bead generally within
20 s. Treating the dummy with different concentrations
of 2,6-DCP did not increase the total duration of male
contact with the dummy, nor did it appear to influence
the time spent searching in the arena after leaving the
dummy (Fig. 4). Consequent visits to the bead did occur
but this was evidently not related to the treatment. When
the dummy was coated with a dichloromethane extract
of 10 female ticks however, duration of contact was
drastically increased (Fig. 4). In addition, the front legs
were kept in close contact with the substrate and a
behaviour typical of the first stages of mating in this
species (Guerin et al., 1992) could be observed with some
males even crawling under the dummy. Total duration
of search time on the arena was not analysed here since
it was considerably reduced by the long stay of the male
on the dummy.

Walking behaviour in wind carrying 2,6-dichlorophenol

After the adaptation period on the servosphere most
males walked downwind in controls (Fig. 5). though
occasional loops and short upwind walks were observed.

A
e e — 1 148
» 4 £ 4155
o .
= 0
@ N 2
g° Q 20 g
o 2r . 174
1+ ° 127
extract 0.05 0.5 5 50
B
5§ - 1 148
@ 4 e . . +. 155
D‘) .
2 w
@ - . [}
g ° 20 8
8 o F" &0 ®w, "L, T 474
1r 127
extract 0.05 05 5 50

FIGURE 4. Box plots of the time spent by male B. microplus on a ca
0.5 mm glass bead (A) and the area around it (B) on a host-simulating
arena. Open boxes are controls, hatched boxes are tests; the horizontal
lines of each box represent from top to bottom the 90th, 75th, 50th,
25th and 10th percentiles of the data distribution. Other datapoints are
those outside the 10th and 90th percentile range (open circles controls,
solid circles tests). The horizontal dotted line indicates the maximum
time allotted to each tick (i.e. 180 s). Treatments are: a CH,Cl, extract
of 10 two-day-old females [n = 18, but this is reduced for (B) to display
only those ticks that left the experiment within 180s, n = 8], and four
doses of 2,6-dichlorophenol indicated in ng/bead (n =16 for each
dose).

Males were observed at different wind speeds and hu-
midities, and at three different 2,6-DCP concentrations
(Table 2). The distance walked upwind was not influ-
enced by 2,6-DCP in any one of these treatments
(P >0.05). In addition, no change in overall walking
direction was observed (P >0.05) (Fig. 5). Walking
speed was relatively low in most individuals, ranging
from 0.6 to 3.4mm/s, but usually less than one
body length/s, and this was not significantly changed
by switching on the stimulus (P >0.05) (Fig. 6).
Turn angles were normally distributed around zero,
indicating no preference for a certain turning direction,
and median angular velocities were also not altered by
any of the 2,6-DCP concentrations offered (P > 0.05)
(Fig. 6).



DISCUSSION

A remarkable uniformity seems to exist among metas-
triate ticks both in the production and perception of
2,6-DCP. In the one-host tick B. microplus, investigated
here, this compound is extractable from all life-stages
except eggs. However, we do not know whether it is also
released by all life-stages. It is possible that 2,6-DCP is
the phenolic product Chow et al., (1972) could not
identify because of the low quantities they obtained in B.
microplus female extracts. Quantities reported here are
low compared to the ca 60 ng found in 4. variegatum and
A. americanum females (Kellum and Berger, 1977), but
compare better to the levels found for D. variabilis
(Sonenshine et al., 1984). Adult production in B. micro-
plus is clearly higher than that of unfed larvae or
engorged nymphs but differences between males and
females are only marginal. 4. maculatum Koch and D.
variabilis males also produce 2,6-DCP in roughly the
same quantities as females (Kellum and Berger, 1977;
Sonenshine ef al., 1984). Presence of 2,6-DCP in extracts
of larvae and absence from eggs is also reported for R.
appendiculatus (McDowell and Waladde, 1986). It would
seem therefore that 2,6-DCP is widely present in differ-
ent life-stages of metastriate ticks.

Production of the aggregation attachment pheromone
blend containing 2-nitrophenol and methyl salicylate in

40mm

wind
———l

G

A. hebreaum and A. variegatum only starts after feeding
has taken place (Diehl er al., 1991). This direct relation
with feeding is not valid for the production of 2,6-DCP
in B. microplus since unfed adults, less then 12 h after
moulting, already contain nearly the same quantities of
2,6-DCP as fed adults. Its occurrence in unfed adults has
also been reported in other tick species but production
commences only several days after the moult (Sonen-
shine et al., 1982, 1984). Development of B. microplus
from larva to adult on the same host is relatively fast so
production can be considered more or less continuous.
An increase in synthesis associated with adults may
already start in pharates. That the amount of 2,6-DCP
extracted from pharates was comparable to that of
engorged nymphs in this study might be due to the
inability of the solvent to reach the foveal glands of the
adult ticks, still enveloped in nymphal cuticle.

Our results also show that 2,6-DCP evokes responses
of sensory cells in two olfactory sensilla on the tarsus of
B. microplus males, the d I 1 and d II 1, with similar
sensitivities. Responses of cells in the two homologous
sensilla of R. appendiculatus and A. variegatum compare
well with our results (Waladde, 1982). The increase in
spike amplitude with increase in stimulus concentration
reported by the latter author is also present in our
recordings. Receptors for phenolic compounds seem to
be widespread in ticks but olfactory receptor responses

B

180°

FIGURE 5. Walking behaviour of male B. microplus ticks on a Iocomot?on compensator in a constant flow of air (15cm/s,

90% r.h.). Displacement was recorded during 2min with a rt;:solunon 'of 0.1 mm. .The air over a Sug source ;f

2,6-dichlorophenol on filter paper under paraffin oil was introduced into the air-stream during the sectfnd minute lgtest‘ pgpo ).

(A) Four examples of tracks; the starting point is indicated b‘y an open square, t_he.sm of a mztl{f. tick. .Crossf Ong in :ca;es

start of stimulus delivery. (B) and (C) Scatter diagrams of the circular means qf deviation angles (0° is upwind) of 0.6 s samples
of the track for control (B) and test (C) period of 10 walks.
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FIGURE 6. Frequency distributions of speed (A) and angular velocity
(B) of 0.6s segments of male B. microplus walking tracks on a
locomotion compensator. Displacement of ticks was first recorded for
1 min to the conditioned air-stream (15 cm/s, 90% r.h.) with air from
a blank stimulus bottle added (controls with hatched bars) followed for
a second minute with air over 5 pug 2,6-dichlorophenol in a stimulus
bottle added to the conditioned air-stream (tests with dark bars).
Pooled data of walks by 10 males.

do not necessarily imply behavioural activity. Haggart
and Davis (1981) for example observed no difference in
responses from receptors of male and female 4. ameri-
canum to 2,6-DCP, yet only males show behavioural
responses to this product (Kellum and Berger, 1977).
Even Ixodes ricinus L., a prostriate tick species which
does not possess foveal glands and is known to show no
oriented responses to 2,6-DCP (Graf, 1975), bears a
receptor for this product in the homologous d I 1
sensillum (cf. Guerin et al., 1992). Similarly, the d II 1
sensillum in B. microplus showed responses to 2-nitro-
phenol, a component of the aggregation attachment
pheromone of Amblyomma spp., but neither this nor
indeed any product other than 2,6-DCP was detected by
GC coupled electrophysiology in any of the extracts
investigated here.

Since 2,6-DCP is both produced and perceived by B.
microplus a role in the behaviour of this species would
seem plausible. However we could not find any evidence
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to support this hypothesis in the responses of aduylt
males. Although the total female extract containing
2,6-DCP caused male arrestment on a glass dummy,
2,6-DCP alone on the bead failed to induce this be-
haviour. It could be argued that 2,6-DCP may function
as an attractant rather than an arrestant. As a concen-
tration gradient can be assumed to exist immediately
around the treated bead, males leaving the bead would
be expected to turn back to higher concentrations of an
attractant but this was not observed. It cannot be
excluded that 2,6-DCP may play a role in courtship in
combination with other tick related compounds but on
its own it clearly does not contribute to arrestment of
males near or on potential mates.

We also could not demonstrate an oriented response
on the part of walking male B. microplus to 2,6-DCP in
an air-stream on the servosphere. Other tick species,
Bruchid beetles and Triatomine bugs do show oriented
responses to semiochemicals in the same experimental
set-up (Guerin unpublished; Taneja unpublished). The
air-stream can apparently be perceived by the ticks since
they show an overall downwind walking behaviour,
a phenomenon also noted for some of the other
arthropods cited above. We therefore conclude that
2,6-DCP does not evoke anemotactic responses in male
B. microplus ticks guiding them to the stimulus source.
Some kind of anemotactic response however, is likely to
be involved in the orientation of 4. hebraeum and A.
variegatum males to a combined source of CO, and
2,6-DCP in the field (Norval ez al., 1991) though the role
of CO, in the blend could be decisive. The doses tested
on the locomotion compensator were equivalent to those
evoking strong responses in electrophysiology. Unori-
ented responses such as a change in walking speed or
angular velocity (rate of turning) indicating kinetic
orientation mechanisms (ortho- and klinokinesis, re-
spectively) were also excluded by our experiments.

Orientation and/or arrestment of other tick species to
2,6-DCP have been demonstrated in off-host exper-
iments with a Petri-dish bioassay (Leahy and Booth,
1983) and a four choice olfactometer (Yunker et al.,
1992). The behavioural mechanisms underlying the
orientation in these non-discriminating experiments
should have been detected in our experiments had they
been part of a response to 2,6-DCP by B. microplus
males. Experiments demonstrating attraction to 2,6-
DCP for a number of other tick species with doses of
2,6-DCP applied on hosts (Berger, 1972; Kellum and
Berger, 1977; Khalil et al., 1981) include factors such as
host odour and certain mechanical stimuli not included
in our laboratory experiments. In a single experiment we
did aim to register any major influence of these factors
on the responses by B. microplus to 2,6-DCP. Two
rubber septa treated with 1 mg 2,6-DCP and another two
with dichloromethane alone (solvent) were stapled on
the hips of a young steer. The animal was heavily
infested with B. microplus males and females, and the
dispensers were placed on the 14th day of the infesta-
tion—just prior to when fertilization of females begins



(Falk-Vairant et al., 1993). The area around the dis-
pensers was investigated after 24, 48 and 96 h but no
newly attached or moving males were observed in the
vicinity of the dispensers.

The apparent absence of a behavioural response to
2,6-DCP in males of B. microplus is contradictory to
conventional knowledge about the role of this product
as a pheromones in ticks. Though behavioural responses
have been reported in a number of species of metastriate
ticks from various genera, no convincing evidence has
been presented for any one-host species. The detachment
response of male B. microplus and Rhipicephalus san-
guineus reported by Chow et al. (1972) to a “phenolic”
compound eluting from the GC is not fully convincing
since the conditions of the air-stream in which the
compound was delivered from the chromatogram to the
attached ticks were not described and data on adequate
controls was not presented. Moreover, when 2,6-DCP
was subsequently identified by Chow et al. (1975) in
extracts of R. sanguineus no further reference was made
to B. microplus. It could be that males of this species
show behavioural responses to 2,6-DCP only during a
specific physiological state not present in any of our test
males. It can also not be excluded that 2,6-DCP in
combination with other volatiles perceived by receptors
other than those tested here may play a role in male
courtship behaviour. Finally, since all life stages of B.
microplus succeed each other on the same bovine host,
aggregation of larvae and nymphs could account for
females normally being in the immediate vicinity when
males moult, thus reducing the need for a long range
attractant in this species. 2,6-DCP may have an ad-
ditional function in ticks other than that of sex phero-
mone.

In conclusion, although 2,6-DCP is produced by B.
microplus and can be perceived by olfactory receptors in
males of this species, we have no evidence that it plays
a role in their behaviour. The total extract of females on
a glass dummy did evoke a strong arrestment response
from males. It is likely therefore that other chemical
constituents of this extract play a crucial role in male
behaviour.
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