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ABSTRACT

On-host observations and laboratory behavioural assays were undertaken to
investigate the role played by (a) bovine host-derived semiochemicals from the ear
and anal region and (b) semiochemicals derived from conspecifics, in feeding site
location i)y unfed adults of Rhipicephalus appendiculatus Neumann and Rhipicephalus
evertsi Neumann. The potential of host-derived allomones from unpreferred feeding
sites and that of a tick repellent plant, Ocimum suave Willd as disrupting factors to
on-host orientation by the two tick species to their target sites were also assessed.

Orientative behaviour of R. appendiculatus on host was characterized by
stereotyped sequences of behaviours which included stationary/scanning phase,
random search, directional movement and arrestment closer to and at the site source.

Patterns of tick migratory paths to their respective feeding sites were characterized
and quantified in both species. These were made up of runs with intermittent stops,
all producing curvilinear tracks. The results of locomotory activities demonstrated a
high proportion of completion of paths to the preferred feeding sites, along with high
success rates of feeding site location (67.5-90.0% for R. appendiculatus; 69.8-85.6%
for R. evertsi). The results also showed variations in mean walking speed between
sexes, species and release points on the host. Mean velocity for males and females

averaged 0.09 and 0.41cm/min in R. appendiculatus and 0.24 and 0.58cm/min in R.
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evertsi.

Assays of tarsi-painting on R. appendiculatus and R. evertsi showed that these
were capable of discriminating their respective feeding sites using olfactory cues. In
both species, tarsi-coated individuals were less able to orient toward or locate
efficiently the relevant anal or ear sites (P <0.001). In situ and laboratory assays
have implicated primarily site-borne stimuli as mediating factors in this orientation.
This kairomone-driven mediation appears to be enhanced by intraspecific signals
emitted by feeding ticks present at the feeding site, since ear sites loaded with live
ticks (P <0.01) or rinses of fed ticks (P <0.01) were more attractive, although not
significantly, compared to control tick-free ears.

Specific behaviours leading to the location and finding of the feeding sites
namely: arousal, activation, arrestment and aggregation in response to olfactory
stimuli were examined. Arousal tests (in a Y-olfactometer) on R. evertsi and R.
appendiculatus exposed to odour extracts from ear and anus resulted in scanning and
residence response patterns that correlated with the stimulatory or inhibitory nature of
each extract. Release of ticks in situ resulted in the activation of the tick by the host
odours after a short latent period which decreased with decrease in distance from the
feeding site. Likewise, walking speed of both species resulted in gradual decrease
and eventual arrestment in the proximity to the feeding site. Tick velocity correlated
with distance and arrestment was more evident at close range (< 25 cm away from

any site). On the other hand, artificial substrates impregnated with feeding site
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1.2  Ticks and tick control methods

1.2.1 Biology, distribution and ecology of Rhipicephalus

appendiculatus and R. evertsi ticks

1.2.1.1. Taxonomic status of Rhipicephalus appendiculatus

Rhipicephalus appendiculatus belongs to the genus Rhipicephalus and the family
Ixodidea. The genus whose most members are of African origin (Hoogstraal, 1956)
comprises about 70 species worldwide and includes Rhipicephalus zambeziensis Norval,
Walker & Colborne and Rhipicephalus duttoni Neumann, two species showing close

morphological affinities with R. appendiculatus.

1.2.1.2 Life cycle of R. appendiculatus

The life history of R. appendiculatus (Plates 1 and 2) is relatively well documented
(ElIbl and Anastos, 1966; Yeoman and Walker, 1967; Newson, 1978). The species’s life
cycle is characterized by a three-host pattern as all the three stages must each locate and
feed on a host animal. Larvae, nymphs and adults take a blood meal until they are fully
engorged and then drop onto the ground where they pursue their non-parasitic phases.

Larva and nymph can undergo moulting into the next stage while the adult males seek









1.2.1.3 Distribution and ecology of R. appendiculatus

R. appendiculatus is a widespread tick species in Africa occurring in eastern, central
and southern parts of the continent (Fig. 1). No populations of this species have been
reported in West Africa (Hoogstraal, 1956). However, the latest information on
distribution shows that it has spread now to 15 countries (Norval et al., 1992a). The
potential of the species spreading to new areas has been predicted based on their
suitability (Sutherst and Maywald, 1985; Norval et al., 1991b).

Relative humidity, associated with pluviometry and altitude are parameters of major
significance in the ecology of this species. This restricts R. appendiculatus to cool and
humid biotopes (of less than 30 °C daily maxima and at least 400 mm annual rainfall),
preferably uplands savanna, with a vegetation cover made of woody or bushy grasslands
(Yeoman and Walker, 1967). Climate as a macro factor plays a role in regulating
populations as well as the seasonal dynamics and activity of different stages (Yeoman
G.H., 1966; Short and Norval, 1981). Depending on rainfall pattern and host
availability, one or two generations can be observed per year (Branagan, 1973; Newson,

1978).
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Fig. 2 Distribution of Theileriosis with Theileria parva (ECF) in
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CHAPTER TWO

2.0 OBJECTIVES OF THE STUDY

2.1 Statement of the problem

Despite the accumulating knowledge about tick semiochemicals, very little is known
about the functions of kairomonal and allomonal cues used by R. appendiculatus and R.
evertsi to orient to their feeding sites on their natural bovine hosts. As a prerequisite to
the establishment of the chemical basis of these behaviour components, detailed
behavioural studies are needed to help examine the role of stimuli emanating from these
preferred feeding sites and of others from non-feeding sites. No comparative data exist
on the relative specificity of predilection sites and how this influences tick orientation and
feeding behaviour. There is a need to establish the role of host odours on this peculiar

behaviour which would provide clues on possible ways of disrupting tick orientation and

feeding.

2.2 Objectives of the study
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3.4.1.3 Cow dung

The dung was used either raw or in water suspensions. To test whether
attractiveness of dung to R.evertsi was age-dependent (i.e. time after defecation),
dung samples of three ages were used: (1) fresh wet dung of less than 2 h old after
defecation (= level I); (2) fresh moist dung 24 h old or more (= level II), and (3)
dry dung more than 3 days old (= level III). The fresh dung Level I elicited the best
responses, and was used in subsequent assays. 2 g of the latter dung preparations was
enclosed in fine wire gauze (mesh 0.5 mm) and plugged in either of the T-
olfactometer arms. The control (blank) was a clean wire gauze of similar size
attached to the other arm.

Water suspensions of the cow dung were prepared by mixing 1 g of freshly
defecated dung in 10 ml of water and shaking it gently. The suspension was tested
for the presence of kairomonal cue(s) with disruptive activity on R. appendiculatus as
this tick migrates to the ear. For the assays, 1.0 ml of the water suspension extract
was applied at the ear base of cattle the same day. The control was an untreated ear

of cattle with the same volume of water applied on.
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3.4.2 Volatiles from the ticks

These were either solvent rinses or volatile emissions from feeding ticks as

detailed below.

3.4.2.1 Solvent rinses

Rinses of males of different feeding ages were used to investigate aggregation
responses of R. appendiculatus. Male extracts were tested because it was assumed that
like in other tick species such as Amblyomma sp. fed males release volatiles that
mediate aggregation (Rechav ef al., 1976, 1977; Norval and Rechav, 1979). Fifty to
hundred male ticks were allowed to attach and feed on rabbits and were forcibly
removed at suitable feeding age (days). The ticks were then immersed in sufficient
amount of n-hexane in a test tube (8ml) and the contents were frequently shaken and
then stored at 0-4°C for 24 h. The rinses were filtered and the filtrate concentrated to
2 ml under gentle stream of nitrogen. Female rinses were prepared as described above
for comparison. These hexane rinses were expressed as either male-equivalent (ME)
or female-equivalent (FE). One tick-equivalent (TE) is the concentrate obtained from

one tick during the collection period.
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3.7.2 Y-tube olfactometer

A Y-tube glass olfactometer adapted from Rechav ef al. (1977) was used in
experiments involving orientation studies of larvae and nymphs to host odours. The
olfactometer, illustrated in Figs 6 and 7, was made of glass tubing and had a stem and
two diverging arms set at an angle of 45°. At the junction of the two arms was a
small outlet which was connected by a rubber tubing to a suction pump (Cole-Parmer,
Air-cadet) which drew air from the olfactometer at a rate of 50-62 cm®/min. The
lower end of the vertical stem was extended into a bulb which served as chamber for
immatures. On release of the ticks, this was stoppered. Batches of nymphs or larvae
were introduced through the lower inlet of Y-tube and allowed to move up freely to
the arms. The test procedures were as described for the T-tube olfactometer above.

In experiments to investigate arousal of ticks by host odours, a modified version
of Y-tube with a shortened vertical stem (2 cm long) was used (Fig. 8). Individual
ticks were introduced through the inlet and a polystyrene stopper was used to plug the
bottom of the stem. Observations were made on the tick’s responses in either
arm (extract treated disc vs control solvent disc, Whatman No 1, 2 cm diam). The
time spent (= residence period) in the olfactometer arm near or in contact with

treated or control filter paper disc was recorded.
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3.7.3 Paired vertical glass column

A modified form of climbing bioassay described by Browning (1976) was used
for studies on dose-responses of ticks to extracts from the feeding sites. Two
versions of the apparatus, one for attractancy and another for repellency tests are
illustrated in Figs 9 and 10 respectively. The apparatus consisted of a square
aluminium base lined up with wax-coated mosquito net. The wax lining was found to
offer an appropriate texture for ticks wandering on the aluminium base and probably
eliminated any cooling effect of water. On each base were two vertical aluminum
rods of 0.8cm diameter. Two glass tubes (1 cm diam) were each slid fitted snugly
over the aluminium rods and their tops were plugged with moist cotton wool. The
glass tube was used since it is easier to clean. A second set of larger glass tubes
(4.5cm diam) were each slid over the duo rod-glass tubing and held with clamps such
that the lower ends were 4 cm above the aluminium base. The top ends were plugged
with dry cotton wool to allow for free diffusion of extract odour in the glass columns
which was necessary for creating a concentration gradient of stimulus. Strips of filter
paper (Whatman No 1, lcm x 2cm) impregnated with the extract or solvent (control)
were rolled and inserted into the internal glass tubes 1 cm from the top end for
attractancy tests or mid way for repellency tests. They were set 1 h prior to each
trial to allow the stimulus concentration gradient to equilibrate. The apparatus base

was immersed halfway in a tray of water, just above the water level to prevent ticks































































Table 3 Effects of tarsi-painting treatment on orientation
responses of R. evertsi to the anal site

Behavior parameter Response
LSD-Test
assessed Painted! Unpainted’
(N=160) (N=240)
Total ticks moving (%) 55.9 53.9 ns
Reaching target FS (%) 22.2 43.4 * %
Located off target FS? (%) 40.7 0.5 *k
Stationary (%) 44 .1 46.1 ns
Drop-out (%) 63.1 36.7 * %

FS = Feeding site (= anal area);

1 pooled data for & and %

> Areas adjacent to FS i.e. back, flank, hindleg,

*, significant; **, highly significant; ns= not significant

08
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approach phase took place relatively close to the odour site, when ticks became
arrested as they approached the ear. Running speed slowed down considerably and
eventually the ticks stopped. At the ear, they were completely arrested and after
varying periods of time, insertion of their mouthpart pieces into host integument
began as a result of the attachment process.

Observations carried out using 50 live ticks feeding on the ear or when extracts
(50 TE) from fed ticks are applied on the ears, suggested the involvement of
additional semiochemical signals in the orientation process. Indeed, comparative data
showed more ticks orienting to the treated sites than to the natural (untreated) ones.
The site attraction was enhanced by 1.4 fold with live ticks and 1.2 times fold with
tick extracts as compared with natural tick-free ear, although the difference between

the three treatments was not significant (F=0.56; df= 1; P= 0.64)(Table 4).
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environmental parameters is very important before a decision is made by an arthropod
to perform a certain function. Towards the end of any motion, arthropods which
have been activated show a decline in their exploratory movements. Kennedy (1978)
noted that following a motor output, an arrestment behaviour would manifest itself at
the end of the attraction movement. To date, very little documented studies have
been reported on these behavioural features of significance to ticks.

On the other hand, aggregation behaviour as a component of the feeding process
has been highlighted in a number of tick species, particularly Amblyomma spp. An
aggregation attachment pheromone (AAP) was shown to play an important role in the
attraction and attachment of conspecifics near already attached ticks on the host
(Gladney et al., 1974a; Rechav ef al., 1976; 1977). The blend of chemical mediators
involved has been identified for Amblyomma variegatum Fabricius (Schoni et al.,
1984). Routine observations showed that stages of R. appendiculatus display some
gregarious behaviour. An example of this is clusters of adults confined in ear pinna
of bovine hosts. Recently, evidence for an aggregation-like signal was presented from
laboratory observations (Akinyi, 1991), but not confirmed on tick’s natural bovine
host. We report here the arousal responses of R. appendiculatus and R. evertsi to
preferred site extracts under laboratory conditions. Activation irn situ of the two
species to host extracts together with the arrestment of their movements on an
artificial substrate were also investigated. Lastly, confirmation of the production and

mediation of an aggregation agent by R. appendiculatus on bovine host was also
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lasted until the tick reached its feeding site. Five replicates from each release
position were used for each tick species and sex.

In related experiments, arrestment effect on an artificial substrate for a walking
tick was investigated in the laboratory. Whatman filter papers measuring 15 cm of
diameter and consisting of 2 concentric areas were used as the arena. The inner
circle (9 cm diam) was treated with odour sample or solvent (= hexane) and the outer
circle (from 9-15 cm diam) was not treated. To prevent solvent and solute diffusion
outward, only the inner substratum was impregnated with the extract/solvent and then,
after evaporation of the solvent, glued over the large one. A tick was placed at the
centre of the filter paper and allowed 3 opportunities of 3 minutes each to respond to
odours, failing which it was discarded. Arrestment responses of R. appendiculatus
and R. evertsi in the presence of anal and ear extracts were expressed as percentage
time spent by wandering individuals on treated and untreated circles. Tracks of ticks
through odourized and unodourized fields were also recorded. For each sex and
species, the test was replicated 6 times, and data analysis was by Least Square

Difference test on log transformed data means.

5.2.3 Aggregation responses of R. appendiculatus on bovine host

Evidence of aggregation responses to intraspecific signals on the natural host by

adults of R. appendiculatus was sought using rinses of fed males of different feeding
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ages. Aggregation cues have been found or suspected in rinses of some tick species
(Sonenshine ef al., 1982b; Goethe and Neitz, 1985). Drops of 100 male-equivalents
(ME) in 5 ml from rinses of 6 day-old fed males were applied on a 3cm discrete area
of calves scrotum as described by Rechav et al. (1977). An identical amount of
hexane alone was smeared in a similar way as above and served as control. These
doses were extended to 25 and 50 ME to obtain dose-response relations. 100 ticks of
mixed sexes were enclosed in a large bag glued to the scrotum 24 h before release.
24 h post-treatment, the bag was opened and the number and percent of ticks attached
on extract-treated spot (3 cm diam) calculated and compared with the control spot.
The dose effect was evaluated. The same amounts of female equivalent (FE) extracts

of the same feeding age were also evaluated for comparison.

5.3 RESULTS

5.3.1 Arousal of Rhipicephalus appendiculatus and R. evertsi to extracts from

preferred and unpreferred feeding sites

Results on arousal responses of R. appendiculatus and R. evertsi exposed to ear
and anal odour extracts in a Y-tube olfactometer are shown in Tables 7 and 8 and

Figs 20 and 21. Both tick species were aroused to host odours as well as to the
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solvent, with varying sensitivity (Tables 7 and 8). Percent individuals aroused to ear
and anal odours was 84.7% and 72.3% respectively for R. appendiculatus and 75.6%
and 88.2% for R. evertsi. Scanning activity indices for both extracts suggested,
although not clearly in the case of R. evertsi, the same level of responses, though
values differed between the two species. On the other hand, indices for residence
responses were longer for extracts from preferred feeding sites compared to that of
unpreferred feeding sites (I, 0.8 and 1.1 for males and females respectively for ear
extracts vs 0.6 and 0.7 respectively for anal extracts for R. appendiculatus; for R.
evertsi, these were I, 0.9 and 0.8 respectively vs 0.4 and 0.5 respectively)(Tables 7
and 8). In the case of extracts derived from the favourable feeding site, the majority
of ticks were still residing in the chamber beyond the set experimental time (3 min.),
but very few did so when extracts from the unfavourable feeding site was tested; in
the latter case, most of the ticks had left the chamber during the first 15 seconds
apparently repelled by the odour (Figs 20 and 21). Our results indicate that with
respect to most parameters, the responsiveness of R. evertsi was stronger than that of
R. appendiculatus. No significant difference was noted with respect to both scanning

and residence parameters between males and females of both species.



Table 7 Scanning activity & residence time of adult R. appendiculatus & R. evertsi
exposed to ear odour extract in treated olfactometer arm

Responses time (sec)
R.appendiculatus (mean +SE) R. evertsi (mean + SE)
Parameter = || ====-r-mmscmsscnecccmmmenns | mmeer e e e e e e e ——
Male Female Male Female
I scanning Trt 60.8 + 7.2a 51.0 + 6.9a  57.4 + 8.4a  29.8 + 6.4b
c 47.6 + 7.5b 37.2 + 6.4b 35.9 + 8.3b 32.5 & 8.3a
I, 1.3 1.4 1.6 0.6
Residence Tk 95.1 + 7.2b 66.3 + 6.0a 34.6 + 6.1b 47.6 + 6.8b '
c 115.4 + 8.0a 63.1 + 6.0a 89.0 + 8.4a 99.7 + 8.4a g
I, 0.8 1.1 0.4 0.5 I T
R coeff! -0.31" -0.44™ -0.26" -0.21 ns

In-hexane as trt vs blank control; trt= treatment (N=96); C= control (N=72);

I, Scanning Index (= ratio trt/control);

I, Residence Index (= ratio trt/control) ;

' R Correlation coefficient (Scanning/Residence);

Means in a row with the same letter in a species are not significantly different (Glm
test/SNK) .

", P<0.05; ™, P<0.01; ns = not significant



Table 8 Scanning activity & residence time of adult R. appendiculatus & R. evertsi
exposed to anal odour extract in treated olfactometer arm

Responses time (sec)
R.appendiculatus(mean + SE) R. evertsi (mean t+ SE)
Paragiebey’ === J Sossssonsoccc st mise sosmis i o e e o s 5 o) i g 508 5 i s e e s s s
Male ‘. Female Male Female
Scanning Trt 68.5 + 7.6a 64.1 + 7.6a 33.5 + 8.4a 39.1 + 6.3b
C 47.6 + 7.5b 37.2 + 6.4b 35.9 + 7.0a 52.5 + 8.3a
I, 1.4 1.7 0.9 0.7
Residence Trt 65.8 + 6.8Db 69.2 + 7.3a 77.9 + 6.0b 51.6 + 6.8b ’
@ 115.4 + 8.0a 63.1 + 6.0b 89.0 + 8.4a 99.7 + 8B.4a -
i 0.6 0.7 0.9 0.8 T
R coeff! -0.31" -0.44" -0.26" -0.21 ns

n-hexane as trt vs blank control; trt= treatment (N=72); C= control (N=72);
I, Scanning Index (= ratio trt/control);

I, Residence Index (= ratio trt/control);

' R Correlation coefficient (Scanning/Residence);

Means in a row with the same letter in a species are not significantly different (Glm
test /SNK) .

L]

, P<0.05; ", P<0.01; ns = not significant
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5.3.2 Activation and arrestment responses of R.appendiculatus

and R. everisi to host odours

5.3.2.1 Activation and arrestment in situ

The latent times for R. appendiculatus and R. evertsi to get into motion in
response to host odours near the feeding site are summarized in Tables 9 and 10.
Also presented is the relation between tick’s speed and its distance to the feeding site
as a measure of the degree of arrestment. Irrespective of the distance away from the
feeding site, R. appendiculatus activation occurred with varying periods of latency.
This was found to decrease with decreased distance to the feeding site (F= 4.26;
df=6; P= 0.006). Likewise, tick speed decreased in the vicinity of the ear feeding
site and this arrestment correlated with distance only at close distance (<15 cm)
(Table 9). At distances > 15 cm, no correlation was found between the two
parameters. In R. evertsi, the results showed similar trends as regards latency and
velocity in relation to distance (F= 3.58; df= 6; P=0.0025). Except at distances
> 15 cm, an arrestment pattern correlating with the feeding site closeness was also
evident (Table 10). However, comparison between the two species showed that

velocity but not latency varied between the two.



Table 9 Activation and arrestment responses in situ of R. appendiculatus released
in the vicinity of ear odour source

Activation
Distance Latency to Velocity R Prob.
from FS activation (sec) (em/min) (LSD Test)
0 cm 14.8 + 1.7a — — —_
5 ¢cm 22.7 + 2.9ab 48.4 + 1.9c 0.69 P<0.05
15 cm 25.9 + 2.8b 55.9 + 1.3bc 0.65 P<0.05
25 cm 28.6 + 7.l1lab 60.7 + 2.1b 0.34 ns
35 cm 28.5 + 3.7ab 61.5 + 2.3b 0.28 ns
> 35 cm 38.1 + 5.1la 151.4 + 10.a 0.20 ns

FS = Feeding site (= ear);

Detransformed mean + SE;

! not applicable

R Correlation coefficient latency/distance

N 24 for each point (pooled data for & and ?);

60T




Table 10 Activation and arrestment responses in situ of R. evertsi released in the
vicinity of anal odour source

0TT

Activation
, ] |
Distance Latency to Velocity R ﬂ Prob.
from FS activation (sec) (cm/min) (LSD Test)
0 cm 19.3 + 4.1la — ! o —_
5 cm 20.7 + 5.2a 41.9 + 1.9c 0.71 P<0.05
15 cm 24.6 + 5.4a 48.6 + 0.9b 0.66 P<0.05
25 cm 37.8 + b5.2a 65.5 + 2.0b 0.59 ns
35 cm 35.5 + 7.9a 43.3 + 2.4c 0.43 ns
> 35 ¢m 45.2 + 10.1 a 114.6 + 5.5a 0.31 ns
FS = Feeding site (= anal area);

Detransformed mean + SE;

1 not applicable

R = Correlation coefficient latency/distance

N = 24 for each point (pooled data for & and ?);
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5.4.3 Aggregation response

The aggregation response elicited in R. appendiculatus on natural host using tick
odour cues confirmed the existence of an intraspecific aggregating agent released by
this tick. Clusters of individuals were found assembled in the area of calf scrotum
treated with tick rinses compared to weak or no aggregation in controls. The
aggregating cue attracted both males and females, fulfilling the criterion of an
aggregating agent. Although relatively weak, the aggregation response pattern evoked
in R. appendiculatus was similar to that reported in most Amblyomma species
(Gladney et al., 1974a; Rechav et al., 1976,1977; Norval et al., 1989a). While in
Amblyomma spp, aggregation is mainly induced by male extracts, results of our study
implicates both sexes as emitters of the aggregating cues, with females inducing a
response greater or equal to that of the male. The difference in aggregation response
pattern of R. appendiculatus from Amblyomma spp may be explained by the feeding
site location behaviour of the species. Males of most tick species like R.
appendiculatus do not attach initially to the feeding site whereas females move
straight to the ear (Gladney and Drummond, 1970). As a result, settied females
would then attract other conspecifics and the resulting stimulus package then will be
complemented/amplified by male-released emissions.

In summary, these results implicate the mediation of two distinct sets of signals

used by the two tick species under study to navigate to their
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expected to create a partial or complete absence of active compounds on a temporary
basis.

Depending on the tick species, site surface of the ear or anal region was washed 3
times with 300 ml of n-hexane. The solvent was allowed to evaporate for S minutes
and batches of 20 males and 20 females were released. Responses of migrating ticks
to ear/anal site were recorded 4 h later. Controls were made up of animals with
unwashed ear/anal area. The experiment (Day 0) was replicated 4 times in both
treated animals and the controls for each sex and species. Further observations were
made at different times (on day 1, 2, 4, 6 and 8) after treatment, until stimulation
level of these sites returned to normal. In each case, fresh batches of test ticks were

released and their migration noted.

7.2.2 Responses of R. appendiculatus and R. evertsi to normal feeding sites

treated with extracts from each other’s feeding sites.

7.2.2.1 R. evertsi orientation responses to anal area treated with the ear extract

2 g of the ear extract in 1 ml of hexane was applied from a syringe around and 10
cm away from the anus to form a ’barrier’ on the tick’s orientation path. Untreated
anal site (ie natural condition) served as the control. The number of ticks reaching

the feeding site or located off-target site and dropping-off as a result of the repellent
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7.3 RESULTS

7.3.1 Responses of R. appendiculatus and R. evertsi to the respective

feeding site modified by solvent washing

Results of solvent washing treatment of the feeding site on orientation responses of
R. appendiculatus and R. evertsi towards their target sites showed that washed sites
attracted less ticks than unwashed ones in both species (Figs 31 and 32). Attraction
of R. appendiculatus to washed ears dropped significantly (P <0.05), from an average
of 47.8% arrivals at untreated ear sites to an average of 35.2% reaching washed ears,
which represents a drop of ~ 20% (Table 14). Washing treatment had a similar
effect on R. evertsi (P <0.05), where an average 59.7% arrivals occurred at the
unwashed anal site as compared to 44.3% reaching the washed site, which represents
a drop of ~ 15% (Table 15). Comparison of treatment effectiveness indicated that
solvent washing of ear caused greater reduction of test ticks reaching the area than did
the corresponding treatment on anal area for R. evertsi. The lasting of effectiveness

of this treatment on both sites was generally short and did not go beyond 24 hrs.
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Table 14 Effects of solvent washing on orientation responses
of R. appendiculatus to the ear site

Site condition

Parameters LSD-Test
assessed Washed Unwashed
Total ticks moving 46.7 57.3 ns
Reaching target FS (%) 35.2 47.8 *
Located off target FS! (%) 39.5 28.3 ns
Unmoved (%) 53.3 42.7 ns
Drop-out (%) 37.0 44.6 ns

FS = Feeding site (= ear);

! Areas adjacent to FS i.e. head, neck, dewlap,
N= 160 (pooled data for & and 9?);

', P<0.05; ™, P<0.01; ns = not significant

GGT



Table 15 Effects of solvent washing on orientation responses
of R. evertsi to the anal site

Site condition

Parameters LSD-Test
assessed Washed Unwashed
Total ticks moving 61.2 639.3 ns
Reaching target FS (%) 44 .3 58.7 *
Located off target FS' (%) 28.7 31:5 ns
Unmoved (%) 38.8 30.7 ns
Drop-out (%) 27.6 34.4 ns

FS = Feeding site (= anal area);

! Areas adjacent to FS i.e. back, flank, hindleg,
N= 160 (pooled data for & and ?);

", P<0.05; ", P<0.01; ns = not significant

I

94T
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7.3.2 Orientation responses of R. appendiculatus and R. evertsi to transferred

feeding site materials

Results of preliminary trials with R. appendiculatus showed that faecal material (FM)
suspensions were equally disruptive as the anal extract. Suspensions of FM were
placed across R. appendiculatus route to the ear to assess the orientation responses of
this species. Smears of anal extracts applied dorsally on the ear and across R.
appendiculatus route to the ear base did not show any significant difference. The
results of disruption tests using 3 types of smear barriers across the ear base are
presented in Table 16. It shows that the order of disruptive effectiveness by these
smear types are: half circular barrier < single circular barrier < double circular
barrier. Although the half-barrier repellent circle caused a reduction in the number of
ticks arriving at the feeding site, the effect was not statistically significant compared
to the control.

Tables 17 and 18 show results of further tests on orientation responses of R.
appendiculatus and R. evertsi to their respective ear and anal feeding sites treated
with extracts from the corresponding unpreferred feeding sites respectively.
Orientation responses of either tick species to their normal feeding site was
significantly disrupted. Thus, the number of R. appendiculatus reaching the ear
treated with the anal extract ear dropped significantly compared to controls (P<0.01),

from an average of 56.4% at the untreated site to an average of 36.65 %, which


















Table 19 Orientation responses of R. appendiculatus to the ear

modified by 0. suave essential oil

Tick numbers (%)

Response

component Treated site Untreated site LSD Test
Reaching target FS 11.4 32.4 * %
Off-target FS! 18.1 2.9 * %
Drop-out 72.5 12.5 * %
Unmoved 13.4 17:5 ns

FS = Feeding site (=ear);

! Areas adjacent to FS i.e. head, neck, dewlap...
N = 120 (pooled data for & and 9).

*, P<0.05; ™, P<0.01; ns = not significant
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the internal information control (Bell, 1983). Activation and arrestment responses
were studied in situ bioassays. Irrespective of the feeding site location and its
distance, odour was shown to activate the ticks. Subsequently, as the tick approaches
the feeding site, the odour elicited arrestment. Whether the same compounds elicit
these two different responses at different concentrations or whether different groups of
compounds with different volatilities are involved remain to be determined.

The aggregation responses of R. appendiculatus on bovine hosts to intraspecific
male and female rinses were consistent with the behaviour of this tick species both in
vegetation and on host. Individuals of this tick species are known to assemble on
vegetation patches (Sonenshine et al., 1982b). This assembly off host is believed to
have a protective value against stressful environmental conditions (Sonenshine et al.,
1982b; Hassanali et al., 1989). However, it is unlikely that the same role applies for
aggregation propensity on host. In some Amblyomma spp, the aggregation-attachment
pheromone produced by feeding ticks play an important role in guiding unfed
conspecifics to the host animal and to the feeding sites (Rechav ez al., 1976, 1977,
Norval and Rechav, 1979). The pheromone was characterized (Schoni et al., 1984)
and its potential in monitoring and control has been demonstrated (Norval et al.,
1991d, 1992; Sonenshine et al., 1992). In the case of R. appendiculatus, the present
results suggest that kairomones derived from the host constitute a primary set of
attractants with the aggregating pheromone playing an augmentative role.

In addition, the results also indicate parallel response patterns of the two species
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CHAPTER NINE

9.0 CONCLUSIONS

The study has established that:

1. Orientation behaviour of unfed R. appendiculatus adults on host was made up of
sets of stereotyped sequences of behaviours including stationary/scanning, random

search, directional movement and arrestment close to and at the site source.

2. Pathways of R. appendiculatus and R. evertsi to their feeding sites were made of
runs with intermittent stops, all producing curvilinear tracks of varying patterns
with increasingly directional character as the tick progressed toward the feeding
site. Individual ticks, irrespective of the release site on the host body, completed
their paths to the feeding sites, along with high success rates of site location (69.8-
85.6% for R. evertsi; 67.5-90.0% for R. appendiculatus). On average, R. evertsi
moved faster than R. appendiculatus (0.24 and 0.58cm/min vs 0.09 and

0.41cm/min respectively for males and females).

3. Tarsi-coated individuals of both tick species were less effective in orienting or

locating the relevant feeding sites, suggesting this location is primarily mediated by
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odour, especially feeding site-borne kairomones.

4. Some specific behaviours relating to the location of the feeding sites on host such

as arousal and activation and arrestment revealed that:

® Arousal tests on R. appendiculatus and R. evertsi exposed to odour extracts from
ear and anal region resulted in scanning and residence (in Y-olfactometer arm)
response patterns which correlate with the stimulatory or inhibitory nature of the

extracts.

® [n situ (host) assays, irrespective of the distance of the feeding site, the ticks
became activated, with latent period to activation decreasing with decrease in
distance from the feeding site. Likewise, walking speed of both spp resulted in
gradual decrease and eventual arrestment in the proximity of the feeding site. On
the other hand, in vitro assays, substrates impregnated with extracts from the
preferred feeding site caused more walking arrestment of the relevant tick species.

The nature of these arrestants needs to be characterized.

5. Olfactometric bioassays show that washing extracts from body parts (e.g.
belly/axillae, neck/dewlap and leg) other than those of the feeding site were less or

unattractive to the unfed adults of R. appendiculatus. Ear and anal extracts proved
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strongly attractive to the adult stage of R. appendiculatus and R. evertsi
respectively. Nymphs and larvae of R. appendiculatus, in contrast, were
significantly not attracted by the ear extract, consistent with their lack of specific

site preference to feed.

Both ear washes and trapped air-borne volatiles of the ear evoked significant
attraction to R. appendiculatus aduits. The blend of the two elicited a stronger
attraction. The additive effect of the mixture suggests a dual kairomonal set of
components comprising short-range/contact signals and volatile components which

mediate feeding site selection in this tick.

7. Cross-assays involving the use of crude extracts from a site preferred by one tick
evoked strong repulsion to the other tick species. Thus, for each species, a "push-
pull’ mechanism is operational, with the repellent from unpreferred site pushing

the tick away and the attractant from its feeding site pulling it toward itself.

8. Our results implicate the mediation of two sets of signals (intraspecific and
interspecific) that ticks use to navigate to the feeding site: interspecific signals -
volatiles emanating from the feeding site and contact or less volatile signals on
one hand, augmented on the other by intraspecific signals from successfully

feeding ticks at the feeding site.
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9. The repellent host materials (ear extract for R. evertsi; anal extract for R.
appendiculatus) were effective in disrupting orientation of each tick species to their

feeding site. These disruptants need to be characterized.

10. The eugenol-rich essential oil of a tick repellent plant O. suave, was found to
have similar disrupting effects on the orientation of both ticks to their target sites.
Other effects of both host and plant-derived materials include increased

disorientation and drop out among test ticks.

11. Although host extracts were less persistent than the plant repellent, a comparison
between the two is inappropriate at this stage because of lack of knowledge  on

the concentration of active repellents in the host.

12. By manipulating and modifying on-host orientation and behaviour of the two tick
species, these host and non-host semiochemicals have a potential for the
development of tick control tactics as part of an Integrated Tick Management

(ITM) system.
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