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toxicosis, as well as exposing animals to secondary
infection from tick-bite wounds. Although many young
cattle recover from the disease and become immune to ECF,
they still continue to act as ECF carriers (Young et al.,
1986). Wildlife also serves as T.p. lawrencei and T.
taurotragi reservoirs (Young et al., 1981; Irvin et al.,

1981).

Rhipicephalus appendiculatug is widely

distributed in East, Central and Southern Africa
(Hoogstraal, 1956). In Kenya it is found in all
provinces, except the dry northern region, wherever there
is suitable habitat, with an annual rainfall of over 500
millimeters (Walker, 1974).

Amblyomma variegatum is also a three-host tick.

It is responsible for transmitting Cowdria ruminantium,

which causes heart-water in cattle, sheep and goats. The
long Amblyomma mouthparts also cause abcesses which may
lead to udder damage and to other secondary infections.

Boophilus decoloratus is a one-host tick which

feeds mainly on cattle, and is a vector for the causative

organisms of babesiosis and anaplasmosis in cattle.

1.2. Tick control

Current methods of controlling ticks rely
heavily on the application of acaricides to the host in
order to kill the parasitic stages. Plunge dips are easy

to use and suitable for lérge numbers of animals, but









lack of grazing land in high potential areas in
developing countries. The unfed stages of ticks need
enough moisture to survive. Modifying the habitat by
reduction of vegetation is likely to reduce the number of
ticks (Hair and Howell, 1970). Heavy grazing, burning
pastures and drainage of some areas are methods which can
be used to effect this. However, these methods are not
practical for large scale use.,

Genetic control measures, such as cytoplasmic
incompatibility, hybrid sterility, and distorted sex
ratios could be incorporated in integrated control
packages (KEnipling et al., 1968). The sterile male
technique has not been shown to be effective in
controlling ticks so far. However, Graham et al. (1972)
and Thomson et al. (1981) showed that interspecific
crosses between B. annulatus and B. microplus produce
viable F1 progeny in which all males are sterile, but
females are fertile when back-crossed to the male parent
species. These sterile males were reported to mate with
twice as many females as did the normal ones, and they
also survived longer on the host, indicating that they
could successfully be used for control (Davey et al.,
1983). The females of the South African strain of B.
microplus when mated with males of an Australian strain of
the same species yielded 62%¥ of viable progeny, whereas

the reciprocal cross gave non-viable larvae.



Pheromones, chemicals released by an animal to
influence the behaviour of other individuals of the same
species, have been used in tick control programmes for
Amblyomma spp. Gladney et al. (1974), Rechav et al.
(1977), Rechav and Whitehead (1978; 1981) and Sonenshine
et al. (1979) applied aggregation-attachment pheromone
baited acaricide to single locations on bovine hosts,
which attracted released ticks to this site where they
were killed. Sex pheromones could algo be used to confuse
sexually mature males to such an extent that they would
not be able to find the natural pheromone releasers
(Sonenshine et al., 1979). Pheromones have also been
used in tick traps where ticks are eliminated before they
find hosts (Rechav et al., 1977; Rechav and Whitehead,
1978).

Sex pheromones of R. appendiculatus have been

identified (ICIPE Annual Report, 1983, 1984). They are
phenolic compounds including 2, 6-dichlorophenol which
enable the sexes to come together for mating during the
parasitic phase of adult life. However, mixtures
containing artificial sex pheromones have not been shown
to be effective in confusing the males and preventing

mating in A. variegatum (Sonenshine et al., 1982).

Host resistance prevents ticks from feeding
adequately due to immunologically-induced changes in the
host (Roberts, 1968). 1In Australia, the control of B.

microplus has been enhanced by the use of resistant



animals from within breeds with high ability to develop
resistance, as part of an integrated control regimen. The
ability to develop resistance to ticks is heritable
({Hewetson, 1972; Seifert, 1984). It is stable over long
periods although it can be altered by stress such as
sickness, lactation or poor nutrition (Wharton et al.,
1970; Seifert, 1971; Utech et al., 1978). Zebu cattle
(B. indicus) and their crosses develop higher resistance
to ticks than B. taurus breeds (Riek, 1962; Wilkinson,
1862; Seifert, 1971; Hewetson, 1979). Artificial
immunization of animals against ticks is also being
investigated (Mongi, 1980; Johnston et al., 1986).

Unfed stages of most species of ixodid ticks
ascend plants in order to reach and cling on to a passing
host, which often involves long periods of waiting. Any
method which would decrease their life expectancy, or
reduce the number of ticks at this waiting stage, would
lower the subsequent population of the parasitic stage.

The molasses grass Melinis minutiflora, and gamba grass,

Andropogon sp. have been shown to reduce tick survival,
resulting in lower infestations on cattle (Thompson et
al., 1978). Some species of the tropical legume

Stylosanthes have glandular trichomes which secrete a

viscous fluid that immobilizes larvae of B. microplus
(Sutherst et al., 1982). Zimmerman et al.(1984) obtained

similar results with A. variegatum.




Biological control of ticks by using natural
predators, parasitoids (insects which are internal
parasites, but with a free living adult stage) and
pathogens has not been investigated fully. Although
isolated studies have been done on these natural enemies
of ticks, very little work has been done on African
ticks. Since the natural enemies of any pest are likely
to differ between geographical regions, a study of
natural enemies of important tick species in Kenya sghould
be done, and then investigations made to find out how
they could best be incorporated in an integtrated control

systenmn.

1.3. Objectives of this study

For effective control of ticks, a full
understanding of their life-cycle, including causes of
mortality, should be obtained. This information is needed
for constructing computer models, which would, in future,
become tools in guiding the development and use of
integrated control packages. In this connection,
therefore, it was thought necessary to make a thorough
study of the role played by predators, parasitoids and
pathogens in the regulation of natural populations of

important ticks in Kenya. The work is based mainly on

R.appendiculatus, with some investigations also on A.
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Milne (1950) reported predation of ticks by shrews
in an experimental plot, and Short and Norval (1982) found

that the shrew Crocidura hirta dug up and ate engorged R.

appendiculatus and B.decoloratus females buried in nylon

bags in experimental plots. Subsequently, the shrews were
found to eat ticks in the laboratory, and they were able to
locate, apparently by smell, ticks which were buried beneath
the soil, on the so0il surface, or suspended by a thread
above the soil surface.

Although there are a number of reports of birds
pecking at ticks or removing ticks from the host, there are
very few reports of birds eating free-living ticks. Milne
(1950) suspected that birds removed ticks from experimental
plots, and Hunter and Bishopp (1911) found domestic chickens
eating engorged ticks which dropped from cattle. The

American robin Turdus migratorius also preys on engorged

ticks from the ground (Wilkinson, 1870b).

Various methods have been employed in studies of
predation of free-living tcks. Wilkinson (1970a, b)
tethered ticks by cotton thread stuck on to the scutum, or a
polyester thread, respectively. He also tethered ticks by
passing thread with a needle through the caudal end, in
effect passing a suture under one millimeter of cuticle,
taking care not to rupture the gut. A silver thread was

used to tether Dermacentor albipictus tying them by one
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the skin of the nymph. At emergence all the adult
parasitoids come out through one or two holes which are made
in the cuticle of the tick. Mating takes place immediately
and lasts for only a few seconds (Cooley and Kohls, 1934).
The average numbers of adult parasitoids emerging
from replete nymphs are reported for various ticks by Wood
(1911), Cooley and Kohls (1934), Smith and Cole (1943) and

Bowman et al. (1986).

unfed nymphs, there was a 95% infestation rate for I.
ricinus, 80X for R. sanguineus, 100X for D. andersoni
(Cooley, 1928) and 61%X for D. variabilis (Smith and Cole,
1934).

In the laboratory, the effect of temperature on
the development of adult parasitoids was studied by Cooley
(1928, 1930) who reported that 22°C was the optimum
temperature for development in H. hookeri, with emergence
taking about 44 days. However Smith and Cole (1943) found
that at 27°C the period before the parasitoids emerge was
reduced to 20-30 days. Survival of the emerged parasitoids
was 2 days at 27¢C. Neither hibernation during winter nor
aestivation during unfavourable summer conditions were
reported for the emerged parasitoids.

For H. hookeri, different sex ratios have been

reported in different tick species (Cole, 1965), the reasons
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All the attempts were reported to be successful at first,
with proven reduction in tick numbers, but later the ticks
increased again. No one, however, has attempted either to
release parasitoids over.a long period to maintain success,
or to couple parasitoid effects with other methods of
control. These should be tested.

In Kenya, apart from the report of H. hookeri
found in R. sanguineus (Philip, 1954), there has been no
work done on the parasitoids of important ticks. The role
they play in regulating natural tick populations should

therefore be established.

2.3, Pathogens of ticks

Since the adverse consequences of chemical
pesticides as pollutants in the environment have become well
known, the development of alternative methods for effective
pest and vector control has been an important subject for
research. Microbial control involves the use of viruses,
rickettsiae, protozoa, bacteria and fungi or their
metabolic products in order to kill the target pests or
vectors (Calberg, 1986). These disease-causing organisms
are referred to as pathogens, and their effect on various
pests and vectors of agricultural, medical,and veterinary
importance has been investigated with a view to exploiting

them for
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application of bacteria to the feeding surfaces on the
hosts. In vitro feeding of ticks in the laboratory is
another method that has not been tried which could be useful
in testing pathogenicity of bacteria. There is however a
general lack of enthusiasm to fully investigate bacteria as
pathogens of ticks, as mentioned by Hendry and Rechav
(1981), probably due to the difficulties in application, and
also because bacteria are not specific to ticks, and might
be pathogenic to man and domestic animals. Recently Kaaya
and Dirji (1989) also demonstrated that several serotypes of
pathogenic to adult tsetse.

An alternative method might be to use metabolic
products of bacteria to kill ticks. The exotoxin of
safety to bumans, and it has been used against Hymenoptera,

Coleoptera and Orthoptera (Calberg, 1986) and also Acarina

however.
Fungi bhave also been isolated from naturally sick

Beauveria bassiana and Penicillium insectivora were found

in unnamed ticks. In Korea, other unnamed ticks were found
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(Steinhaus and Marsh, 1962). These were casual
observations, and the only organised study of fungi which
are infective to ticks was done by Samsinakova (1974) in
Czechoslovakia. She isolated 17 species of fungi from

Dermacentor marginatus, Dermacentor reticulatus and I.

ricinus from the field. Of these, five were obligate
parasites, five were facultative parasites and seven were

saprophytic. The fungi most commonly found were Aspergillus

parasiticus, B. bassiana, Beauveria tenella, Cephalosporium

coccorum and Paecilomyces fumosoroseus.

There are no reports of laboratory trials on ticks
using live fungal spores or mycelia, although such studies

have been done for other arthropods. Metarhigzium

anisopliae, B. bassiana and a Hirsutella sp. were used to

artificially infect tsetse {Poinar et al., 1977). Kaaya

(1988) tested B. bassiana, M. anisopliae, P. fumosoroseus

and P. farinosus on the same insect and found the former two
species to be highly pathogenic to adult tsetse while tha
latter two species were only mildly pathogenic.

_Work has also been done using metabolic products of
fungi to kill ticks. Krylova (1977) used toxins of B.

bassiana, M. anisopliae and P. fumosoroseus against the soft

tick Argas persicus. The ticks were immersed for 15 seconds
in the extracted fungal toxins, but were found to be
resistant, with only 10% mortality 96 hours after

treatment.
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Toxins of B. bassiana and M. anisopliae have been well

studied, and their mode of action and toxin production in
different strains of fungi have been shown to be correlated
with virulence to the target pest (Ferron, 1981). It would
therefore be necessary to start by studying the effect of
the live fungi on the target pest. Since the penetrating
hyphae of live fungi might also contribute to causing
mortality in ticks, the effect of the extracted toxins would
have to be evaluated on their own.

Although the development of resistance in ticks to
these toxins might arise, cross resistance with chemicals
which are currently being used as acaricides is unlikely,
because they belong to different chemical groups.

Like fungi, viral infections in ticks have only
been reported to occur naturally and no laboratory trials
have been conducted. Sidorov and Shcherborock (1973)
investigated mass epizootics occurring in laboratory

colonies of Ornithodoros lahorensis, Ornithodoros pavlova,

Ornithodoros moubata and A. persicus. Viruses were found to

be the cause of ulcers in different body areas, particularly
deformities of the mouthparts, cuticular ulcerations,
tumour-like outgrowths and papillomas (with or without
ulcerations) but with changes in shape, size and number of
mouthparts, and gangrene of the extremities. The source of
the viral infection was thought to be rabbits from a

breeding farm.
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Other virus-like particles (VLP) pathogenic to the
salivary glands of B. microplus were observed by Megaw
(1978). The VLP damaged the cytoplasm of the infected cells
and the ultrastructure of the VLP in granule-secreting cells
of the salivary glands was observed.

There are no reported experiments involving
protozoa as pathogens of ticks. However, Rickettsia
prowazeki was used to artificially infect females of D.

marginatus and Dermacentor albipictus (Rehacek, 1865).

Infected females died prematurely and egg production was
reduced. Large numbers of rickettsiae were found in all the
organs.

Another rickettsia, Wolbachia persicus, was

successfully put into the gut of 0. moubata where it
nultiplied and had damaging effects (Weyer, 1973). The
ticks died after a few weeks, as multiplication took place
in the haemolymph and the rickettsiae were excreted in coxal
fluids, and were found also in oviposited eggs.

Wolbachia-like symbiotes were injected into D.
andersoni intracoelomically (Burgdorfer, 1973). They
produced infection of the haemocytes, hypodermal tissues,
salivary glands and connective tissues surrounding the
midgut, malphighian tubules and ovary. These massive
invasions invariably killed the ticks.

In all the above-mentioned studies of tick
pathogens there has been no investigation of the role played

by the pathogens in regulating natural populations, except
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Figure 1 Map of Kenya showing the tick collection
sites (Trans-Mara and Rusinga Island) and

location of the study plot (Kabete).
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3.4 Grass_plot _used_for_predation_experiments

The grass plot used for predation experiments was
50 x25 m, situated in pasture at the Veterinary laboratories
(Plate 2). It is in ecological Zone II (Pratt & Gwynne,

1977) and the grass species found in the plot were Cynodon

3.5 Predation experiments

3.5.1. Confined females in grass. Three groups each of 42

width and 1.2 cm length) 3 were put on the ground once a
month at 0730 hours in the grass plot, plus 42 controls left
in the laboratory at 28°C and 80X r.h. In each group, 21
ticks were put out in grass 6-10 cm high {maintained at that
height by regular manual cutting), and 21 ticks in grass 40-
60 cm high, at a density of 3 ticks per 16 m2. The plot was
subdivided into sub-plots so that each sub-plot was used

only once every five months.

Group .1 Tethered ticks
Using a fine nylon thread 45 cm long, which was removed

from nylon gauze (Nybolt, gauge PA 236142, Swiss Bolting

Silk Company, Zurich, Switzerland), each engorged female was

tethered by one leg (Plate 3) to a wire marker 80 cm long,

which was pushed into the so0il. The ticks were watched for a
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period of 8 hours on the day were put out to look out for
any predators using a pair of binoculars with the observer

sitting on a 2.5 meter high fence..

Group 2 Caged ticks

Engorged females (about 1.2 cm long and 1.0 cm wide)
were placed singly in wire mesh cages measuring 8.0 x 3.0 cm
with a 0.5 x 0.5 cm mesh (Plate 4). They were placed in the

grass at soil level.

Group 3 Ticks in nylon bags

Engorged females were placed singly in bags measuring
4.0 cm x 2.0 cm (Plate 5) made from nylon gauze (see above)
and were heat sealed using a small electric soldering iron.
The bags were then placed in the grass at soil level.

All three groups were checked every day for predation
at 0730 hours, for a period of 8 days. Tick remains were
brought to the laboratory and any predators found eating the
ticks were collected and identified. Temperatures in the
plot were monitored at 0730 hours and 1400 hours at soil
level, 30 cm above the ground, and 60 cm above the ground.

Rainfall was recorded daily.

3.5.2. Free engorged R. appendiculatus in grass. Once
every two months, for a period of one year, 21 engorged R.

appendiculatus females were placed free on the ground in an

area which Wwas tick free. Each tick was placed in the
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3.6. Sampling tick predators from the grass

Potential predators were sampled from the grass once a
month. A metal frame measuring 50 x 50 x 45 cm (Plate 8)
was placed on the ground and the grass thus enclosed was cut
to soil level. All spiders, ants, beetles, cockroaches and
crickets were collected and preserved in 70% alcohol for
identification and counting. The plot was also dug 2 cm
deep to look for burrowing beetles and crickets.

Each month, for a period of four months, starting from
September 1988, rodents and other small mammals were trapped
using 30 live traps (Plate 9), set in five rows of six each
in the study plot. The trap spacing was four metres within
rows and four metres between rows. All the traps were baited
with a piece of buttered bread and a carrrot. Forty-four
traps were used for a further four months.

The traps were left out for three days. Trapped rodents
were taken to the laboratory and identified, marked by
clipping hair on a patch 2 cm by 2 cm on their backs, and
then released back to the field. Marked rodents were not
counted again if recaptured..

Five pitfall traps (Plate 10) which were metal
cylinders closed at the bottom (30 cm deep with a diameter
of 20 cm) were used to catch other potential predators like
shrews and lizards. The traps were left open for 3 days.

At the end of this period their contents were recovered and

any mammals or lizards found were identified.
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4 CHAPTER 4

PREDATION OF TICKS

4.1 . RESULTS

4.1.1 Mortality of engorged R. appendiculatus. The

mortality patterns of engorged female R. appendiculatusg put

out in grass which was 40-60 cm high are shown in Figures 2, 3
and 4 (see Appendices 1, 2 and 3) for tethered, caged and
ticks in nylon bags respectively. The mortality due to
predation was much higher (in tethered but not so high in
metal cages) than that caused by other environmental factors
both for tethered and caged ticks, but not for those in nylon
bags .

Figures 5, 6 and 7 show the mortality of tethered, caged
and ticks in nylon bags respectively, put out in grass which
was 6-10 cm high, (see Appendices 4, 5 and 6 respectively).
The overall predation for tethered ticks was lower in short
grass than in long grass, and the difference was found to be
statistically significant using Analysis of Variance (P>
0.05):

The three experimental treatments used for adults,
namely; tethered, caged and in nylon bags, were found<to
influence mortality, with the tethered group having the
highest mean mortality (39.8%), followed by those in cages
(7.0%), and then those in nylon bags (0.7%), and all of them
were found to be statistically different for predation

{Appendix 7a). However for deaths due to other causes, those
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in nylon bags, and those in cages were not different from each
other, but were both different from the tethered ones
(Appendix 7b).

In all the 3 experimental categories, death due to
other causes was mainly due to the ticks drying up, with no
physical injuries. There were also three ticks which died due

to Serratia marcescens infection.

Overall, there was more mortality due to predation
in long grass (16.5%) than in the shorter grass (14.8%) for
all the three experimental treatments combined. The difference
was found to be statistically significant (Appendix 8a).
Conversely the mortality due to other causes was on the whole
lower in the long grass (4.5%), than in the short grass
(6.6%), and the difference was statistically significant

(Appendix 8b).

4.1.2 Combined mortality of females and eggs of R.

appendiculatus put out free in the grass. Table 1 shows the

mortality of females and eggs of R.appendiculatus throughout

the incubation period. Forty-six percent of engorged females
and their eggs died due to predation and other environmental
factors, while in the control group only 13% of engorged
females and their eggs died due environmental factors.
Clusters of larvae started to appear on the top of the grass

from day 54 onwards.
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TABLE 1

Mortality of engorged R. appendiculatus females put out in

long grass (40-60 cm) until their larvae were found on top of

the grass (54 to 73 days later)

Mortality

Free ticks Controls
Replicate 1 46.6 0.0
Replicate 2 39.1 4.8
Replicate 3 47.6 19.0
Replicate 4 52.4 28.6
Replicate 5 46.4 13.1

- ————— g ——— W - - - - = ————
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4.1.5 Temperature and Rainfall. There were temperature

fluctuations throughout the study period. Higher temperatures
were recorded in short grass than in long grass at 1400 hours
but not at 0730 hours. Months which had higher temperatures
also had higher mortality of adults and nymphs due to the
environmental factors as seen in the periods January to March
for both 1988 and for 1989 (Figures 2-11). The rainfall
recorded for the whole period was mainly distributed in 2
rainy seasons in the months of April to May 1988 and March to

April 1989 (Figures 2 -11).

4.1.6 Tick remains after predation. After predation of

female ticks, four types of remains were collected from the
grass from the tethered group. Sixty-five percent of them had
one puncture, so that the greater part of the tick was still
intact, except for blood coming out of the punctured area
(Plate 13). Other ticks looked fresh, but had been torn apart
into two or more pieces, with most of the blood spilled or
consumed (Plate 14). The third category was ticks which were
dry or semi-dry, whose mouthparts and legs had been removed,
and which had one or more holes made in them (Plate 15). A
fourth category was ticks whose inner contents had been
consumed, leaving the empty cuticle almost intact (Plate 16).
The remains of nymphs which were attacked by predators were |
very small and were therefore not collected for examination in

the laboratory.
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TABLE 3

Tick predators and potential predators collected

from grass and soil over a period of 9 months

using nine replicates

Mean number per square meter

Month Hymenoptera Blattodea Arachnida Orthoptera Coleoptera

(ants) (cockroaches) (spiders) (crickets) (beetles)
Jan.88 216.0  16.0 2.0 0.0 8.2
Feb.88 234.0 18.0 29.0 0.2 10.8
Mar.88 128.0 28.6 25.8 0.2 4.4
Apr.88 136.8 22.6 19.8 0.6 2.2
May.88 386.4 28.2 17.0 1.0 3.2
Jun. 88 21.0 15.0 10.2 0.8 2.2
Jul.88 68.0 29.6 25.6 2.0 1.4
Aug .88 71.0 27.0 26.4 0.8 1.6
Sep.88 87.6 25.0 21.4 1.0 2.0

Mean+SE 149.9412.5 23.3+1.9 22.1+41.9 0.7+0.2 4.0+1.1
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predation by ants alone estimated by Wilkinson (1870a) in the
dry season in Australia.

The purpose of including the caged ticks was to
investigate the role played by small predators such as ants,
small spiders and beetles. The 6.9% and 7.2 % predation in
this group in long grass and short grass respectively
(Appendices 2 and 5§ ) was caused by ants as indicated by the
tick remains. The other small predators may have been put off
by the presence of metal cages. The predation by ants however
did not show marked seasonality in that it was higher in the
months of February and March when there was also higher
temperatures, but there was also high predation in other low
temperature months.

The mortality experienced in November and December 1987
for ticks put out in nylon bags was due to experimenteal error
(Appendices 3 and 6 ), because the bags were not placed in
metal cages, and so they were gnawed open by rodents, and the
ticks were eaten. There was otherwise virtually no mortality
in this group due to predation. The purpose of this category
was to give an indication of the effect of environmental
factors such as temperature and humidity. In all the three
experimental categories, mortality due to the enviroment
remained low throughout the study time, except in the months
of higher temperature in February , March and September. Only
three ticks in total died due to pathogens, which was found to

be infection with the bacteria Serratia marcescens. However,

about 10% of all the ticks which survived initial exposure in
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the field later died in the incubator, and were found to have
bacterial and fungal infections (see Chapter 5). The fungi
must have been acquired before the ticks were removed from the
field, but bacteria could have been acquired either from the
hosts during feeding, or later from the environment.

There was slightly higher predation of the tethered
females in the long grass compared to the short grass. The
predation by rodents, which was mainly found in fhe longer
grass, could be the cause for the difference, as they are not
normally found in short grass.

The predation of tethered nymphs was on the whole of the
same level as adults, except that nymphs suffered bigger
fluctuations from month to month. Higher mortalities were
realised in the dry season than was the case for adults. Due
to their small size, nymphs were not put out in metal cages.
No attempt was made in the present study to quantify predation
of engorged larvae because of their small size. Predation of

all the unfed stages of R. appendiculatus was also not

investigated, partly because of their size, and also because
it was expected that predators would be more interested in
the engorged stages. An attempt was made to quantify
predation of eggs, but was abandoned later because of lack of
a good method of distinguishing between predation and losses
caused by factors like being washed away by rain or eggs being

blown off by wind.
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The purpose of the work done with A. variegatum was to

investigate the preference of predators when R. appendiculatus

was put out together with A. variegatum. The results obtained

indicate that most of the predation was by larger predators,
as the ticks were mostly torn apart. There was no predation

by ants probably because the cuticle of A. variegatum is too

tough for ants to pierce.

The level of predation of adults found in this study
could be taken as representative of what happens in the field.
However tethering ticks might have made them more available
to predators, and that was the reason the fourth group of
ticks put out freely in the grass was included. The 46%
overall mortality in this group included death due to
predators, and death due to environmental factors, and
therefore the results from this group compare well with those
obtained from the tethered group, plus deaths due to other
environmental factors. The method of tethering ticks used in
this study gave a 90 cm diameter circle for the movement of
the tick to look for shelter. The ticks were found to move
without difficulty, and could hide from predators. The fact
that they were found hidden under grass-tufts, in cracks and
even slighly buried under a thin layer of soil showed that the
thread did not inhibit movement.

The results obtained in the present study would be useful

in making a computer model for R. appendiculatus and
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suggests that predation in the field is an important cause of
mortality which should not be ignored.

The aim of the work done in the cattle boma was to
investigate whether there are other predators of ticks apart
from those found in pastures. In the cattle boma there was no
grass, but there was fine soil and dry dung in the hot season
and deep mud in the rainy season. The chickens observed
eating ticks were from the homestead, and normally searched
for food all over the boma and the rest of the compound. They
were even able to find ticks which had were slightly under the
soil because of their scratching activity while looking for
food. In a separate study (unpublished), I have also
observed that domestic chickens eat ticks which drop off from
animals naturally. On Rusinga Island, domestic chickens have
also been found to be important predators of the ticks which
drop off the animals, as well as picking them directly from
the animals when they are lying down (H. Shawgi, personal
communication).,

In almost all cases mortality due to other causes was due
due drying up with no visible injuries. Deaths to other
factors like water-logging, flooding or trampling were not
observed. Although many predators of ticks have been found by
different workers, (Murphy,1925; Butler et al., 1979; Norval,
1976), no attempts have been made to use them for biological
control of ticks. Wilkinson (1970a) suggested that ants might
be responsible for the absence of ticks in the reputed tick

scarcity areas in Australia. Most of the other predators have
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Spores Controls
% %
mortality mortality
Replicate 1 100 24.6
Replicate 2 100 15.8
Replicate 3 100 16.2
Replicate 4 100 30.0
Replicate 5 100 24.8

Mean+SE 100.0 22.342.7
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TABLE 11

Mortality in groups of 30 engorged females of R. appendiculat

immersed in a 10% spores per ml suspension on B. bassiana anc

then fed on rabbits, and cobserved for 14 days after drop-off,

compared with controls immersed in distilled water

Spores Controls
% %

mortality mortality
Replicate 1 83.3 16.7
Replicate 2 70.0 33.3
Replicate 3 60.0 33.3
Replicate 4 86.6 13.3
Replicate 5 76.6 43 .3

Mean+ SE 77.344.8 28.0+5.6
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engorgement. This is roughly the same as the time required
for B. bassiana spores to germinate and begin to cause
mortality, and this is also why the egg-laying capacity of
the tick is affected.

The unfed nymph and larvae showed a mortality of 80%
and 100% respectively, but as they had not been incubated
singly because of their small size these results might have
been reinforced later by tick-to-tick contact in the tubes.

The moulting process of the immatures was not
interfered with by the B. bassiana, probably because the
cuticle hardens within a few days of engorgement, thus
protecting the moulting tick inside. However it seems that
some of the germinating hyphae had already penetrated inside
to infect the tick, as 60% and 85% of the moulted larvae and
nymph respectively, died after moulting. It is possible
also that the new soft ticks could be infected by contact
with spores on the surface of the exuviae as they come out.
In insect studies, Ferron (1986) observed that B. bassiana
is only effective if the new cuticle of the moulting insect
is reached,otherwise the fungus would be shed off with the
old cuticle.

Beauveria bassiana did not interfere with the feeding

process of any of the three instars of R. appendiculatus,

when the unfed forms were immersed in a spore suspension
before feeding. This is because the feeding period of
larvae is normally 3-4 days, 4;5 days for nymphs and 6-8

days for adults, while B. bassiana takes about 14 days to
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cause mortality.

The control methods which are currently being used
against ticks are mainly aimed at the parasitic stages. The
use of bacteria and fungi as biocontrol agents has not been
tested, probably due to the fact that these organisms are
not specific to ticks. Some of the organisms isolated in
the present study are also pathogenic to human beings and
domestic animals.

Entomopathogenic fungi belonging to the genera

Beauveria, Metarhizium, and Paecilomyces have been studied

to investigate their use as biological control agents
{Gillespie et al., 1986; Roberts and Wright, 1986; Zimmerman
and Simons, 1986; Anderson et al., 1988). Some of them have
been put into commercial production for crop protection
(Roberts and Wright, 1986; Storey and Gardner, 1987; 1988).
Extracting the toxins of micro-organisms and using them
instead of the live fungi is an alternative way of using
them for control of pests. Toxins of B. bassiana have been
extracted and are in use against some arthropods (Ferron,
1986). However, when tested against the soft tick Argas
persicus they were found to be ineffective. It could be
assumed that they would be effective against R.

appendiculatus because the live fungus is effective, and if

so, they would be a better alternative for killing ticks as
compared to the synthetic acaricides which are currently in
use, and which are not bio-degradable. However, more work

would be needed to develop a good method of controlling
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ticks using any toxins that were found effective, depending
on their mode of action.

The bacteria isolated from ticks in this study are
not good candidates for use in biological control of ticks,
because of the pathogenicity to domestic animals and human
beings. Trials should however be done to see if Bacillus

thuringiensis, which has been found pathogenic to a variety

of arthropods (Goldberg and Margalit, 1977; Calberg, 1986),

will kill ticks. Toxins of B. thuringiensis have been

extracted and are in use against Diptera, Coleoptera,
Hymenoptera and Orthoptera (Calberg, 1986). They have also

been tested against the mite Dermanyssus gallinae, but not,

so far, against ticks.
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6 CHAPTER SIX

PARASITOIDS OF TICKS

6.1 RESULTS

Out of 140 fully engorged A. variegatum nymphs

collected from cattle in the Trans-Mara over the period
October 1987 to November 1989, 46.4% were infested with
parasitoids, while 39.3% moulted successfully into adults,
and the remaining 14.3% died due to other causes (Table 14).
Post mortem of the dead ones showed no parasitoid
infestations. There were no collections during the months
of April, June and August 1988. Parasitoids were found in 6
out of the 10 months the study was done. Over the same

period, 592 engorged R. appendiculatus nymphs were collected

from the same cattle and, on incubation in the laboratory,
no parasitoids were found in them and 86% moulted
successfully, while 14% died due to other causes (Table 15).

From Rusinga Island, 230 engorged A. variegatum nymphs

and 338 engorged R. appendiculatus nymphs were collected

from cattle in seven months over the period December 1987
to August 1989, and taken to the laboratory to moult (Tables

16 and 17), but they had no parasitoids at all. Eighty

percent of the A. variegatum and 81.7% of the R.

appendiculatus moulted to adults, and the remainder died.
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TABLE 17

Development of engorged R.appendiculatus

nymphs collected from Rusinga Island

Month N % % %

moult dying with

(other causes) parasitoids

Dec. 1987 43 90.7 9.3 0.0
Feb. 1988 40 85.0 15.0 0.0
May 1988 56 89.3 10.7 0.0
Jul. 1988 10 80.0 20.0 0.0
Sep. 1988 29 79.3 20.7 0.0
Mar. 1989 33 72.17 27.3 0.0
Aug. 1989 30 73.3 26.7 0.0
Sep. 1989 22 77.3 22.17 0.0
Oct. 1989 75 78.7 21.3 0.0

Total 338 81.7 18.3 0.0
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Infested nymphs showed symptoms of parasitization from
day 9 onwards. The cuticle either turned from grey to a
light brown colour or it developed a mottled appearance.
The hardened cuticle became more rounded and swollen (Plate
23). The time taken for parasitoids to emerge varied from
nymph to nymph, even when they dropped from the host on the
same day. They took 29-42 days to emerge and the mean was
35.340.5 days (Table 18), while healthy adults took about 23
days to emerge. The mean number emerging from one nymph was
22.441.3 with a range of 7-40 (Table 19), and the sex ratio
of the adults was 1 male: 5 females. Emergence invariably
took place at night. They gnawed a small hole, or sometimes
two holes, in the dorsal side of the nymph, through which
they came out, leaving the empty cuticle of the nymph
otherwise intact (Plate 23). Mating was observed to occur
immediately, as soon as the parasitoids were out. After a
few hours, the females were ready to lay eggs on unfed
nymphs.

The parasitoid was identified as a hymenopteran wasp
belonging to the super family Chalcidoidea, family

Encyrtidae.

6.1.1 Description of the Trans-Mara parasitoid

Female. Figure 12 and Plate 24 show the female parasitoid,
and the measurements are given in Table 20. It is brownish

black and 1.1 mm long. The antennae (Figure 13a) are 0.41
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mm long, have nine segments, and are moderately hairy. The
last antennal segment is much wider than the others and
‘club-shaped, and is divided into 3 parts. The scapes of the
antennae are inserted 0.14 mm apart, and incline inwards.
The distance between the two lateral ocelli is 0.14 mm
(Figure 13a) and that between the median ocellus and either
lateral ocellus is 0.08 mm. The compound eyes are 0.13 mm
wide. The maxillary palps usually have three (sometimes
four) segments, while the labial palps have one segment in
the majority of cases (Figure 13c). The scutellum has 3-5

bristles in each triangular lobe (Figure 13e).

Figure 14 and Plate 25 show the male parasitoid, and
measurements are given in Table 20. It is 0.92 mm long.
The antennae have long hairs, and are 0.56 mm long with 10
distinct segments. The last antennal segment is not
divided. All the funicle segments are longer than they are
broad. The scapes of the antennse are inserted 0.14 mm
apart, but they do not incline to the mid-line of the head

as in the females.

6.1.2. Comparison of the Trans-Mara parasitoid with

Ixodiphagus texanus and Hunterellus hookeri. The ocelli of

I. texanus examined in this study resembled those of the

parasitoid from the Trans-Mara (Figure 13a) while those of
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H. hookeri that were examined had the ocelli arrangement as

shown in Figure 16b. The maxillary palps of both H. ho

and I. texanus had four segments, while their labial palps
had two segments (Figure 13d). The triangular lobes of the

scutelli of H. hookeri and 1. texanus had from 3-5 bristles.

6.1.3. Infestation of A. variegatum with parasitoids in the

laboratory. When kept in a container with unfed nymphs,

parasitoids were observed ovipositing on nymphs cnly a few
hours after emergence. The ovipositor was inserted into the
dorsal side of the nymph for periods of 2-3 minutes at a
time. When the ratio of parasitoids to nymphs was 1:3,
there was 40% parasitization, as evidenced by symptoms of
parasitization and subsequent emergence of parasitoids when
those nymphs were fed on rabbits and allowed to moult.

Seven per cent of the nymphs which showed apparent
parasitization bad no subsequent emergence of parasitoids,
but died. On dissection however, fully formed adult

parasitoids were found inside, but they too were dead.

the earliest emergence of parasitoids was on day 29, while
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for those at 22°C it was on day 34. The emerged parasitoids
were observed to be less active at 28¢C, and died after 1-2
days. Those placed at 22°C were active, and died after 3-4
"days.

Of the three types of containers used, the perspex box
was found to be the most suitable, as the parasitoids
survived for up to 4 days, while they died within 1-2 days
in the other two types of containers.

When the parasitoids were offered a 0.5% sugar
solution, they were observed visiting the sugar container
for brief periods. Their life-span at 28°C was not altered
by the presence of the nutrient, but at 22°C they lived for
3-6 days. Thus their mean period of survival was longer

with sugar, as long as the temperature was 22°C,

All the engorged nymphs were collected from the cattle
by forcibly detaching them; only those judged to be fully
engorged, or nearly so, were retained to moult. This
treatment could have damaged some of them, and could explain
why 14.3%X of the nymphs died without moulting. The Trans-
Mara is a wet and humid area, with a well distributed
rainfall of 1300 mm per year and these conditions themselves

might favour survival of the adult parasitoids, together
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are present in most months of the year. Rusinga Island is
rather drier, with a rainfall of 1060 mm per year, but this
is restricted to two distinct rainy seasons.

The intervening dry periods might not be conducive to the
survival of the adult parasitoids. The nymphs are only
abundant in the months of March and October (D.K. Punyua,
personal communication) and so offer restricted
opportunities for oviposition. If on the other hand the
parasitoids are able to survive on Rusinga Island, it is
possible that they were not able to spread from the mainland
because there was very little movement of animals before
1983 when a causeway was built linking the Island with the
mainland. The tendency of tick parasitoid populations to
remain isolated has been reported for H. hookeri in South

Africa where parasitoids were found in some farms and not in

others in the same neighbourhood (Cooley, 1934).

Identity_of the Trans-Mara parasitoid

The morphological features used by previous workers to
distinguish between Encyrtidae have been the arrangement of
the ocelli, the distance between the antennae at insertion,
the numbers of bristles on the triangular lobes of the
scutellum, the length of the thorax in relation to that of
the abdomen, the size of the eyes, and the number of
segments in the maxillary and labial palps (Fiedler, 1853).

In the present work, the arrangement of the ocelli in the
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majority of the specimens from the Trans-Mara resembles that
of 1. texanus, although a few individuals have the pattern
and . I. texanus have two bristles in each of the triangular
lobes of their scutelli, and he used this feature to

bristle. The number of bristles in the parasitoid from

and 5, even in members of the same population, and therefore
this feature is not reliable for use in taxonomy.

The number of segments in the maxillary palps of both
H. hookeri and I. texanus is four (Fiedler, 1853). This was
confirmed in the material of the same species collected from
the USA examined in the present study. The majority of the
parasitoids from the Trans-Mara, however, was found to have
only three segments. Moreover, most of the parasitoids from
the Trans-Mara were found to have one segment in the labial
palps, while the other two species have two. Three
segments in the maxillary palps were reported by Fiedler
segments. The size of eyes was used by Fiedler (1953) to
distinguish H. theilerae, because the male has eyes which
are only half the size of those of the female. Some males
of the Trans-Mara parasitoid have the smaller eyes, but

big eyes. The Trans-Mara parasitoid therefore has features
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while their engorged nymphs only had 41.0 and 25.0
parasitoids respectively. This could be due to
physiological differences between the instars. Graf (1979),
however reported that the number of wasps emerging
increased with increasing weight of the nymphs. This
suggests that there could be some form of density dependent
mortality occuring when the nymph does not become very big.
were observed laying eggs in one nymph, which would result
in higher numbers of parasitoids emerging. For mass rearing
of parasitoids therefore, it is safer to have a higher
proportion of parasitoids to nymphs, to ensure maximum
oviposition in each nympb.

Lowering the temperature from 28°C to 22°C increased
the pre-emergence time by 5 days for the Trans-Mara
parasitoid. The phenomenon of latency in the U.S.A., where
the parasitocid passes the winter months in the unfed nymph
hockeri (Cooley, 1928; 1830). The tropical climate is
totally different. Nevertheless the host species shows
marked seasonality in parts of its range, and some form of
latency may still occur. Temperature had an effect on the
longevity of the adult parasitoids, as those kept at 229°C

survived 3 more days than those at 28¢°C.

Parasitoids which were kept in the perspex box survived
longer and were more vigorcus than in the smaller

containers. The reasons for this are not clear, since it
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7 CHAPTER .7

DROP-OFF RHYTHM OF R. APPENDICULATUS

7.1 RESULTS

7.1.1 Engorged females. Table 21 shows the percentages
of females dropping off at intervals of 2 hours throughout
the day and night. There were some ticks at all collecting
times, but the peak drop-off was between 0800 and 1000
hours, and the next highest period was 0600 to 0800 hours
(Figure 15). Analysis of the data showed that the
percentages of ticks dropping between 0800 and 1000 and also
between 0600 and 0800 did not differ significantly, but were
both significantly higher than the other collecting times
(Appendix 15). Out of a total of 1279 female ticks which
dropped from the 9 animals, only 6 (0.47%) dropped during
the period 2000 to 0600 hours. There was no significant
variation in the drop-off pattern between the individual
animals (Appendix 15).

Ticks started to drop in the morning of day 6 if they
weré‘put on the animals at 0900 hours on day 1 and continued
for 5 days (Table 22 and Figure 16), with maximum drop-off

on day 8.

7.1.1.1 Engorged female ticks from sensitised animals.

Table 23 shows the pattern of drop-off for female ticks that
fed on tick-sensitised animals. The time of maximum drop-

off was also 1000 hours (Figure 17), which was again found
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TABLE 21

Percentage distribution of drop off for 1279
engorged R. appendiculatus females, according to
time of collection. They were put on the animals at
0900 hours.

Time of collection

Animal 0600 0800 1000 1200 1400 1600 1800 2000

1 0.0 8.5 45.2 15.8 5.6 19.8 5.1 0.0
2 0.0 4.5 73.17 9.6 4.5 4.0 3.7 0.0
3 0.0 22.4 52.4 16.3 4.7 0.6 1.8 1.8

4 2.4 22.17 49.7 5.5 7.4 4.9 4.3 3.1
5 0.9 20.4 51.5 10.9 3.9 5.9 4.5 1.9

6 0.5 19.8 48.0 7.9 6.9 8.4 4.9 2.5

7 0.0 76.8 10.5 10.5 1.1 1.1 0.0 0.0
8 0.0 37.9 37.9 2.1 7.6 10.3 0.6 3.8
9 0.0 56,1 0.0 0.0 43.9 0.0 0.0 0.0
Mean 0.4 29.9 41.1 8.7 9.5 6.1 2.7 1.4
+SE +0.3 +7.8 +7.5 +1.9 +4.4 +2.1 +0.7 +0.5
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to be significantly different from all the other times

(Appendix 16)

7.1.1.2. Weight of engorged females. Table 24 shows the
distribution of numbers and weights of ticks dropping off
for the first and for the second infestations. The ticks
from the first infestation weighed slightly, but
significantly, more (0.41+ 0.0021 g) than those from the
second infestation (0.38+ 0.001), (Appendix 17a). When the
weights of ticks dropping at different times were compared,

no difference was found between the eight collecting times,

for either the first or the second infestations.

7:1:25 Engorged nymphs

The distribution of nymphs dropping from the
animals throughout the day is shown in Table 25 and Figure
18. The maximum drop-off was between 1600 and 1800 hours,
which was significantly different from all other collecting
timeés, with 1400 to 1600 hours next (Figure 18 and Appendix
18). Drop-off during the night (2000 - 0600 hours) was only
0.40%. Ticks began to drop on day 5 and continued up to day
7, with the maximum drop on day 5 (Table 26). The mean
weights of engorged nymphs dropping at different times of
the day are shown in Table 27. Analysis of data showed no

significant variation in weight due to time of dropping.
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TABLE 25

Percentage distribution of 2736 engorged R.
appendiculatus nymphs dropping off according to
time of collection

Time of collection

Animal 0600 0800 1000 1200 1400 1600 1800 2000

1 1.7 5.6 7.9 13.7 1.3 7.6 57.5 4.7
2 0.0 7.2 11.6 14.0 2.3 0.0 63.5 1.4
3 0.4 7.5 39.9 14.4 4.2 9.3 24.1 0.2
4 0.0 3.9 0.0 0.0 8.7 35.6 50.5 1.2
5 0.0 1.3 0.0 0.0 5.3 14.3 173.6 5.5
6 0.0 5.3 0.0 0.0 6.9 0.0 61.4 26.4
Mean 0.4 5.1 9.9 7.0 4.7 11.1 55.1 6

+SE +0.3 +0.9 +6.3  +3.1 +1.1 +5.4 +6.9 44
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Table 27

Mean weights (mg) of engorged nymphs of R. appendiculatus
dropping-off by time of collection

Time of collection

Animal 0600 0800 1000 1200 1400 1600 1800 2000

1. 8.2 8.1 8.9 9.1 9.0 9.1 8.7 8.5
2. 8.2 8.3 8.5 9.3 9.2 9.0 9.1 9.1
3 8.5 8.6 9.1 9.2 8.5 8.5 8.5 8.3
4 8.6 8.7 8.7 9.0 9.0 9.0 9.0 9.3
5 9.3 8.7 8.8 8.9 8.9 9.0 9.1 8.9
6 9.1 9.2 9.3 8.5 8.6 8.6 8.7 8.5
Mean 8.6 8.6 8.8 9.0 8.8 8.8 8.8 8.7
+SE +0.2 +0.2 +0.1 +0.1 +0.1 +0.1 +0.1 +0.2
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7.1.3 Engorged larvae
Table 28 shows the distribution of engorged larvae

by time of collection from the host animals. There was no
definite dropping-off pattern, although the period of
maximum drop-off was between 1600 to 1800 hours (Figure 19).
Analysis of the data showed that collection at 1400 and 0600
hours were significantly lower than all the others (Appendix
19). A higher proportion of larvae dropped overnight (4.1%)
than for nymphs or adults. Drop-off started on day 4 and
continued to day 5, with maximum drop-off on day 4 (Table
29). The mean weights of larvae are shown in Table 30. The
weights were found to be virtually the same regardless of
the dropping time.

All unengorging ticks and all the males were ignored.
7.2. DISCUSSION

A drop-off rhythm was found in both nymphs and

female R. appendiculatus but not in larvae. Minshull
(1982) found a drop-off rhythm for all instars of the same
tick. For females the time of maximum drop-off was between
0800 and 1000 hours, while Minshull (1982) reported maximum
drop-off just after sunrise, soon after 0600 hours. She
suggested that drop-off could be a response to increasing
temperature or light intensity, or a combination of the two.
Maximum drop-off of the females in this study however
occurred between about 2 and 4 hours after sunrise, and the
appearance of day light alone was not effective in causing

heavy drop-off. A combination of light and increasing
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TABLE 28

appendiculatus

dropping off according to time of collection

Time of collection

Animal 0600 0800 1000 1200 1400 1600 1800 2000
1 1.6 11.7 0.0 0.0 0.0 10.7 26.5 49.5
2 20.9 13.8 25.5 8.2 1.2 4.6 7.3 17.6
3 1.9 8.4 12.8 1.6 2.1  45.1 26.4 14.8
4 0.0 30.5 0.0 5.9 0.0 11.0 17.8 34.8
5 0.0 0.0 0.0 0.0 0.0 12.5 87.5 0.0
¢ 0.0 43.5 0.0 56.5 0.0 0.0 0.0 0.0
Mean 4.1 18.0 6.4 12.0 0.6 14.0 27.6 19.5
+SE  +3.4 +6.5 +4.4 +9.0 +0.4 +6.5 +12.7 +8.0
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temperature could be important. Balashov (1954) and Kheisin
and Lavrenenko (1956) independently reported that the
activity of the host, and the feeding regime both influenced
the drop-off rhythm of Ixodes ticks, and they were able to
demonstrate this by reversing the feeding regime, which
reversed the drop-off pattern. In the present study,
animals started to graze at about 0800 hours, and so
increased activity and movement could have contributed to
the heavy drop-off.

When ticks were put on the animals with a 12-hour
difference, the drop-off pattern started at the same morning
hours (0800 -1000) but 24 hours later, indicating that there
was a definite stimulus in the morning which caused massive
drop-off. This means that the effect of activity and
grazing could be important, as ticks which were put on the
animals at 2000 hours waited until the morning of day 7 to
start dropping. The same delay of drop-off was experienced
by ticks fed on tick-sensitised animals, as they started to
drop-off 24 hours later than those in the first infestation.

"The duration of feeding of females was therefore
affected by the presence of an immune response in the
sensitised animals. Heavy infestations, the presence of
oedema and other feeding lesions were found to prolong
feeding Branagan (1869), Balashov (1972), Chiera (1986).
The presence of the immune defence mechanism, however, did
not affect the drop-off pattern of females. This confirms

that the drop-off pattern is a process distinct from
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attachment and feeding.

The time of maximum drop-off of nymphs reported by
Minshull (1982) was 1600 to 1800 hours, which was the same
time as found in this study. She, however, found a rhythm
of drop-off for larvae, with maximum drop-off at 1000 to
1400 hours, while there was no definite rhythm for larvae in
this study. Furthermore, time of maximum drop-off was 1600
to 1800 hours, followed by 1800 to 2000 hours. While the
animals in the present study were kept in an open field all
the time, the animals used by Minshull (1982) were kept in
open stalls. The effect of extremes of temperatures, wind,
shade, light intensity and humidity could therefore be
different in the two studies, and might account for the
differences.

In the present study, it appears that decreasing
temperatures and light intensity may stimulate drop-off of
nymphs and larvae. Minshull (1882) concluded that there
were three oscillators governing drop-off pattern of the
immatures. Two oscillators were in the tick and were light
sensitive. One of them appeared to be set in the immature
before attachment, so that pre-conditioning ticks to
reversed light regime prior to attachment affected drop-off
pattern of larvae, but she was not able to demonstrate the
same in nymphs. Other workers have investigated this pre-
attachment oscillator in other ticks but have not been able
to demonstrate its presence (Hadani and Ziv, 1974; Rechav,

1878). Doube (1975) however showed the presence of this
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hours, as most fully-engorged females will have dropped off
later in the day. Alternatively, counts should only be
based on standard ticks (those which are likely to drop
within 24 hours). However, it should be noted that this

study was done using a strain of R .appendiculatus which has

been in the laboratory for many years, and it is possible
that different results might be obtained from other field
strains,

As the drop-off rhythm is also influenced by the onset
of light and rise in temperature, it is possible that there
are differences between drop-off patterns of ticks in
different countries, and in different seasons. All the
studies which have so far been done were conducted at one
particular place and season, and there is therefore a need
to investigate drop-off in contrasting seasons especially

where sunrise takes place at different hours.
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8 CHAPTER EIGHT

GENERAL DISCUSSION

All major pests are attacked by a variety of natural
enemies to keep them at a much reduced level (Varley et al.,
1973). Natural enemies of ticks have largely been ignored
when evaluating causes of mortality in the life cycle of
ticks. The present study has however shown that predators
play an important role in reducing numbers of engorged females

and engorged nymphs of R. appendiculatus. It would be assumed

also that there is substantial predation of eggs and engorged
larvae alfhough they were not investigated in this study.
The findings of this study are important in making a

computer model for R. appendiculatus. A computer model is a

guiding tool which could be used to predict numbers of
organisms which will complete the life cycle, and can
therefore be used to advise farmers about the most effective

time for control of ticks. To make a model for R.

QppenQiculatus, all the causes of mortality of each instar
should be established, and their effects quantified in as
natural situations as possible. However, the results would
have to be representative of all the ecological zones in which

R. appendiculatus is found. Kenya is divided into seven

ecological zones (Pratt and Gwynne, 1977). Zone 1 is forest

area, and so R. appendicualtus is not found there, while Zones

4-7 are arid and semi arid lands, and therefore are too dry
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for the ticks. Zones 2 and 3, and a few isolated parts of Zone

4 are the natural areas where R. appendiculatus thrives. The

Kabete area where the study was done is in Zone 2. 1In the
short grass higher temperatures were recorded and this could
therefore represent the conditions in Zone 3, in terms of
grass cover and grass fauna found there. These results would
therefore be useful for a computer model.

Even with the level of predation reported in this work,
cattle continue to carry many ticks. This is because each
female that survives is able to lay 3000 to 5700 eggs
(Hoogstraal, 1956). Although other studies done on predation
of ticks were done for shorter periods, higher predation rates
were recorded (Wilkinson, 1970a; Butler et al., 1979).

Although there has not been much success in controlling
ticks with parasitoids, there are a few succes stories using
parasitoids against important pests (Hussey & Bravenboer,
1971; Parker, 1971; Varley et al., 1973}).

The results obtained from the parasitoid work in this
study’gre however only for the Trans-Mara area, and cannot be
generalised. There could be parasitoids in other areas in
Kenya, and a full study involving other species of ticks and
other areas should be done to give a full picture of the

parasitoids in Kenya. It is possible that parasitoids will in
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However, parasitoids can only be used as a component of an
integrated control package, rather than an absolute method of
control on their own. Furthermore, no parasitoids of one-host
ticks have been found, and so control of such ticks as B.

decoloratus would require other methods.

The pathogens found in this study are not specific for
ticks, and so their uncontrolled use might affect domestic
animals and even human beings. Toxins of pathogens such as B.

bassiana and B. thuringiensis have been extracted and are being

used for other arthropods (Calberg, 1986; Ferron 1986). Studies
should be done to try these toxins on ticks. It is possible
that toxins of B. bassiana would be effective on R.

appendiculatus as the live fungus was found effective in this

study. If so, then they could be sprayed on cattle like other

acaricides.
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APPENDIX 1

Percent mortality of engorged R. appendiculatus

females tethered in long grass (40-60 cm) for 8 days

Mortality
Month N Predation Other causes
Nov. 87 21 52.4 0.0
Dec. 87 21 42.8 0.0
Jan. 88 21 33.3 4.8
Feb. 88 21 28.6 14.3
Mar. 88 21 47.6 19.0
Apr. 88 21 52.4 0.0
May 88 21 33.3 0.0
Jun. 88 21 66.7 4.8
Jul. 88 21 66.7 0.0
Aug. 88 21 28.6 0.0
Sep. 88 21 28.6 0.0
Oct. 88 21 47.6 4.8
Nov. 88 21 42.8 0.0
Dec. 88 21 33.3 19.0
Jan. 89 21 52.4 4.8
Feb. 89 21 42.8 14.3
Mar. 89 21 28.6 0.0
Apr. 89 21 38.1 0.0

Mean+ SE 21 42.5+2.9 4.7+41.6
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APPENDIX 2

Percent mortality of engorged R. appendiculatus

females put out in metal cages in long grass (40-60

cm.) for 8 days

Mortality
Month N Predation Other causes
Nov. 87 21 0.0 0.0
Dec. 87 21 9.5 0.0
Jan. 88 21 9.5 0.0
Feb. 88 21 0.0 4.8
Mar. 88 21 28.6 23.8
Apr. 88 21 0.0 4.8
May 88 21 19.0 0.0
Jun. 88 21 4.8 0.0
Jul. 88 21 4.8 0.0
Aug. 88 21 0.0 0.0
Sep. 88 21 0.0 23.8
Oct. 88 21 0.0 0.0
Nov. 88 21 14.2 4.8
Dec. 88 21 14.2 0.0
Jan. 89 21 0.0 0.0
Feb. 89 21 0.0 33.3
Mar. 89 21 14.2 0.0
Apr. 89 21 4.8 0.0

Mean+SE 21 6.942.0 5.3+ 2.4
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APPENDIX 3

Percent mortality of engorged R. appendiculatus females

put out in nylon bags plus metal cages in long grass (40-

60 cm) for 8 days

Mortality

Month N Predation Other causes
Nov. 87 21 0.0 4.8
Dec. 87 21 4.8% 4.8
Jan. 88 21 0.0 4.8
Feb. 88 21 0.0 23.8
Mar. 88 21 0.0 9.5
Apr. 88 21 0.0 0.0
May 88 21 0.0 0.0
Jun. 88 21 0.0 0.0
Jul. 88 21 0.0 0.0
Aug. 88 21 0.0 0.0
Sep. 88 21 0.0 14.3
Oct. 88 21 0.0 0.0
Nov. 88 21 0.0 4.8
Dec. 88 21 0.0 0.0
Jan. 89 21 0.0 0.0
Feb. 89 21 0.0 0.0
Mar. 89 21 0.0 0.0
Apr. 89 21 0.0 0.0
Mean+SE 21 0.340.3 3.7+41.5

¥ Nylon bags not placed in metal cages
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APPENDIX 4

Percent mortality of engorged R. appendiculatus females

tethered in short grass (6 - 10 cm) for 8 days

Mortality
Month N Predation Other causes
Nov. 87 21 38.1 0.0
Dec. 87 21 61.9 0.0
Jan. 88 21 33.3 0.0
Feb. 88 21 23.8 28.6
Mar. 88 21 33.3 28.6
Apr. 88 21 38.1 0.0
May 88 21 57.1 0.0
Jun. 88 21 23.8 0.0
Jul. 88 21 42.8 4.8
Aug. 88 21 33.3 0.0
Sep. 88 21 42.8 19.0
Oct. 88 21 38.1 4.8
Nov. 88 21 33.3 9.5
Dec. 88 21 28.5 0.0
Jan. 89 21 14.3 4.8
Feb. 89 21 47.1 0.0
Mar. 88 21 28.6 4.8
Apr. 88 21 42.8 4.8

Mean+SE 21 36.742.7 6.142.2
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APPENDIX 6

Percent mortality of engorged R. appendiculatus females

put ocut in nylon bags in short grass (6-10 cm) for 8 days

Mortality
Month N Predation Other causes
Nov. 87 21 19.0% 4.8
Dec. 87 21 0.0 4.8
Jan. 88 21 0.0 9.5
Feb. 88 21 0.0 23.8
Mar. 88 21 0.0 23.8
Apr. 88 21 0.0 0.0
May 88 21 0.0 0.0
Jun. 88 21 0.0 0.0
Jul. 88 21 0.0 23.8
Aug. 88 21 0.0 0.0
Sep. 88 21 0.0 14.3
Oct. 88 21 0.0 0.0
Nov. 88 21 0.0 4.8
Dec. 88 21 0.0 0.0
Jan. 89 21 0.0 0.0
Feb. 89 21 0.0 0.0
Mar. 89 21 0.0 0.0
Apr. 89 21 0.0 0.0
Mean+SE 21 1.1+1.1 6.0+2.1

¥ Nylon bags not placed in metal cages
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APPENDIX 9

Percent mortality of engorged R. appendiculatus nymphs

tethered in long grass (40-60 cm) for 8 days

Mortality
Month N Predation Other causes
Nov. 87 28 71.4 0.0
Dec. 87 28 42.9 0.0
Jan. 88 28 25.0 42.9
Feb. 88 28 17.9 57.1
Mar. 88 28 71.4 7.1
Apr. 88 28 71.4 0.0
May 88 28 28.6 0.0
Jun. 88 28 28.6 3.6
Jul. 88 28 14.3 0.0
Aug. 88 28 25.0 0.0
Sep. 88 28 25.0 0.0
Oct. 88 28 10.7 0.0
Nov. 88 28 14.3 7.1
Dec. 88 28 14.3 0.0
Jan. 89 28 39.3 0.0
Feb. 89 28 35.17 21.4
Mar. 89 28 28.6 7.1
Apr. 89 28 53.6 0.0

Mean+SE 28 34.344.8 8.1+3.8
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APPENDIX 10

Percent mortality of engorged R. appendiculatus nymphs

put out in nylon bags in long grass (40-60 cm)

Mortality
Month N Predation Other causes
Nov. 87 28 0.0 0.0
Dec. 87 28 7.1% 0.0
Jan. 88 28 0.0 10.7
Feb. 88 28 0.0 32.1
Mar. 88 28 0.0 17.9
Apr. 88 28 0.0. 0.0
May 88 28 0.0 14.3
Jun. 88 28 0.0 7.1
Jul. 89 28 0.0 0.0
Aug. 88 28 0.0 0.0
Sep. 88 28 0.0 7.1
Oct. 88 28 0.0 0.0
Nov. 88 28 0.0 3.6
Dec. 88 28 0.0 3.6
Jan. 89 28 0.0 0.0
Feb. 89 28 0.0 14.3
Mar. 89 28 0.0 10.7
Apr. 89 28 0.0 7.1
Mean+SE 28 0.4+40.4 7.1+2.0

¥ Nylon bags not placed in metal cages
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APPENDIX 11

Mortality
Month N Predation Other causes
Nov. 87 28 53.6 0.0
Dec. 87 28 42.9 0.0
Jan. 88 28 60.7 35.7
Feb. 88 28 10.7 71.4
Mar. 88 28 64.3 21.4
Apr. 88 28 35.7 0.0
May 88 28 67.9 0.0
Jun. 88 28 28.6 7.1
Jul. 88 28 21.4 0.0
Aug. 88 28 28.6 0.0
Sep. 88 28 25.0 0.0
Oct. 88 28 46.4 7.1
Nov. 88 28 50.0 3.6
Dec. 88 28 35.7 0.0
Jan. 89 28 25.0 7.1
Feb. 89 28 35.7 21.4
Mar. 89 28 28.6 5.3
Apr. 89 28 32.1 0.0
Mean+SE 28 38.4+43.7 10.0+4.3

nymphs
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APPENDIX 14

Percent mortality of engorged R. appendiculatus, nymphs

put out in nylon bags for 8 days (long and short grass

combined)
Mortality
Month N Predation Other causes
Nov. 87 56 0.0 0.0
Dec. 87 56 5.4% 0.0
Jan. 88 56 0.0 12.5
Feb. 88 56 0.0 39.3
Mar. 88 56 0.0 14.2
Apr. 88 56 0.0 0.0
May 88 56 0.0 7.1
Jun. 88 56 0.0 5.4
Jul. 88 56 0.0 0.0
Aug. 88 56 0.0 0.0
Sep. 88 g 0.0 7.1
Oct. 88 56 0.0 0.0
Nov. 88 56 0.0 3.6
Dec. 88 56 0.0 5.4
Jan. 89 56 0.0 0.0
Feb. 89 56 0.0 23.2
Mar. 89 56 0.0 8.9
Apr. 89 56 0.0 7.1
Mean+SE 56 0.340.3 7.4+2.4

¥ Nylon bags not placed in metal cages
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APPENDIX 18

ANALYSIS OF VARIANCE

General Linear model procedure for Table 25:

Source of DF SS MS F value

variation T T
Time 7 7775.2 1110.7 9.6
Animals 5 128.1 25.6 0.2

Duncan’'s Multiple Range Test:

Grouping - Mean Time
A 55.1 1800
B 11.1 1600
B 9.9 1000
B 7.0 1200
B 6.6 2000
B 5.1 0800
B 4.7 1400 .
B 0.4 0600

Means with the same letter are not significantly

different (P>0.05).

g

0.0001
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APPENDIX 19

ANALYSIS OF VARIANCE

General Linear Model procedure for Table 28:

Source of DF Ss MS F value P
variation :

Time 7 3335.1 476.4 1.86 0.1066
Animal 5 550.0 110.0 0.43 0.82

Duncan’s Multiple Range Test:

Grouping Mean Time

A 27.6 1800

B A 19.5 2000
B A 18.0 0800
B A 14.0 1600
B A 12.0 1200
B A 6.4 1000
B 4.1 0600
B 0.6 1400

Means with the same letter are not significantly

different (P>0.05).



