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ABSTRACT

The general objective of this study was to develop
predictive models which could be used to determine
productivity (liveweight gain) losses attributed to various
causal factors that are specific to livestock production
systems as found in typical communities of small-scale
peasant farmers in Africa. Factors of special interest were
infestations by heliminths, arthropod vectors and their
associated parasites, notably ticks and Theileria spp of
parasites, tsetse flies and Trypanosoma spp. It was also
noted that in the absence of diseases, nutrition was most
important in determining calf growth and development. The
goal of the study was to develop models which could help
managers and policy-makers in undertaking economic
evaluation and monitoring of projects and programmes on tick
control strategies in the tropical Africa, with particular
emphasis on cost-benefit analysis. Africa’s livestock
production system is predominantly characterised by the zebu
cattle (B. indicus) with the destructive ticks and tsetse
flies as the common disease vectors.

The study was conducted on Rusinga Island on the
eastern edge of Lake Victoria in western Kenya. The Island
is typical of many tropical regions of Africa in relation to

livestock production systems and their associated causal
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annual rainfall of about 100-120 cm with two seasons;
maximum in April-May, and least in December. The
maximum annual temperature falls between 30-40°C and a
minimum of 14-18°cC.

The economy of the Island is based on fishing and
subsistence farming. The crops grown are maize, sorghum,
millet, cassava and cotton. Livestock population consists

of cattle, goats and sheep, all of them being the indigenous
unimproved stock. No acaricides have ever been tried on the
Istand. There are few wild animals found on the Island,
namely rabbits, squirrels, monkeys, hippos and monitor

lizards.

1.5 Justification of the research study objectives

Scientists all over the world are striving hard to
develop several tick control measures. To date, such
measures include the following techniques:

(1) Chemicals (Acaricides)
(2) Alternative methods:
* Pasture spelling
* Habitat modification
(3) Novel methods:
* Genetic control

¥ Pheromones





















































































































The effects of endoparasites on their hosts are varied

and in many cases represent a combination of several of the

following:
b 4

X

Compete with the host for food.

Cause decreased food utilisation by the host.

May cause reduction in appetite with concormitant
reduction of food intake.

Increased passage of food through the digestive
tract.

Decreased synthesis of protein in skeletal
muscle.

Changes in the absorptive surface of the
intestine may result in marked alterations in the
efflux and influx of water and sodium and
chloride ions into the bowel.

Changes in the morphology and biochemistry of the
epithelial cells and their microvilli.

The removal of the host’s tissues and fluids e.g.
blood, in some cases may cause death of the host.
Destruction of the host tissues by means of
mechanical action, pressure, or blockage of

ducts.

Infestation of cattle, especially young stock, with

endoparasites is a constant threat. Worms are picked up by

cattle while grazing and in drinking water, and the

worm-burden builds up when animals keep on swallowing

infective stages of worms. Severe outbreaks of parasitism
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faeces, egg counts have shown very large
sampling errors between samples. But this 1is not
considered to be very serious compared to the
other sources.

(i1i1) There exists fairly very regular daily
fluctuations in faecal egg counts. Definitely
depending on the time of day the faeces is
collected, egg counts made from the same host
would vary hence affecting the accuracy of the
data.

(ii1i1) The number of eggs counted per unit weight of
faeces is dependent on the amount of faeces
passed by the animal.

In the light of these shortcomings, a more accurate
approach for egg counting is to determine the total daily
egg output by performing egg counts on random samples
derived from all the faeces passed in a 24-hour period. In
practice, under field conditions, this approach is almost
infeasible.

Though the presence of large numbers of eggs or larvae
in the faeces would tend to confirm a diagnhosis, their
absence or presence in small numbers does not necessarily
mean that the animal is not sufferring from helminthiasis.
This point is evident by the fact that:

(a) The presence of males or immature worms (nhon-egg

producers) cannot be detected through eggs and yet

a good number of species of these groups are

55









and decline. Most insects go into diapause or hibernation in
response to the harsh climatic conditions ahead,
particularly where there is likeliness of food shortage for
the offspring in future. They go into such state until when
they sense through hormonal action that the conditions are
favourable. Thus, in addition to its effect on food
supplies, climate affects living creatures directly through
its control of their heat exchanges, and thence, through
nervous, hormonal, and behavioural mediation, all productive

processes.

2.1.6 Impact of social environment

The management of natural grassland by the farmers
whose l1ivestock use that grassland, is an additional
important factor. Management includes such components as the
grazing system utilized, the stocking rates applied, whether
or not soil fertlization and other feed supplements are
applied, e.t.c. The behaviour of the social environment of
man directly influences survival, reproduction, growth, and
productive capacity of the domesticated animals.

Under all husbandry systems, adequate living space has
to be provided in relation to animal density. Floor space
requirements for maximum growth rates and efficiency of feed
utilization vary with species. Overcrowding causes conflicts
which result in undue competition for feed, improper

digestion of food, reduced feed conversion efficiency,
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injurious aggressive encounters in the case of the presence
of a dominant cow, as well as diseases such as coccidiosis.

Under the intensive systems, feeders and watering
systems must be placed where the young or inexperienced
animal can find them. In the case of extensive grazing, a
herdsman must be around to direct the young animals to the
water points (rivers, lakes, etc) to drink.

Through proper management, man can establish a suitable
social environment conducive to optimal growth and hence

productivity of his domestic animals.
2.2 Cattle disease surveys in Rusinga
2.2.1 Tick-borne diseases

The survey started in September, 1986, covering about
200 cattle on the ten farms (ICIPE, 1986). The broad
objective of this study was to collect some baseline data on
cattle productivity on the Island in relation to ticks and
tick~borne diseases.

From thirty seven calves born that year, aged between 1
and 3 months, about 34% of them were found to harbour
Theileria piroplasms. The following three months, that is,
at the age of between 4 to 6 months, about 36% of these
calves showed severe ECF reactions. By December, all the

calves had been infected. However, none of the calves died.






re-infection was achieved in a month’s time after treatment.
Total re-infestation amongst the calves was attained within
two months after treatment with recording a worm burden of
over 1000 eggs per gram of faeces.

Other endoparasites that were found on the Island
included Fascicla gigantica, Paramphistomum spp,

Strongyloides spp, and Coccidia spp.
2.2.3 Trypanosomiasis

Several studies on the epidemiology of trypanosomiasis
have been carried out on the Island. In 1985, 200 cattle
were sampled for haemoparasites but none was found infected.
Then further, an ecological study was carried out in which
600 tsetse flies were trapped and identified. A11 the 600
flies were found to be G. fuscipes species (ICIPE, 1987).

In 1987, another study was carried out on the Island in
order to verify the species abundance and diversity of
Glossina spp. In this study, 25 traps were set in four
locations as shown on the Map No. 4. The trapping was done
at monthly intervals. Traps were set and insects collected
after 24 hours. After ten months of trapping, only Utajo and
Kakrigu yielded flies; a total of 1344 flies, all of which
were G. fuscipes species. The flies were then examined for
parasites and only one was found having a parasite in the

gut. The lone parasite was identified as a reptilian
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parasite. Majority of these flies were caught in the dry
months between June and September.

Based on these past studies therefore, it is conclusive
that the deadly trypanosomiasis is absent or is very rare on

the Island.
2.3 Liveweight gain models
2.3.1 Review of models

In both plant and animal sciences, growth models have
been developed and used for many years to provide a
mathematical summary of a time series data on the growth of
an organism or part of the organism. Most of the growth
models have been applied in plant sciences (Richards, 1959
and 1969; Hunt, 13982; Causton and Venus, 1881). France et al
(1984) has extensively discussed the various growth models
so far developed. These include the simple exponential,
monomolecular, logistic, Gompertz, Chanter, Richards, and
exponential polynomial models.

It was shown that liveweight gain plotted against time
is normally sigmoid in shape in both animals (Fowler, 1980)
and birds (Wilson, 1980). The growth curve consists of two
distinct phases (Brody, 1845):-

(1) The self-accelerating or autocatalytic phase, when
growth 1is unrestricted by environment, and,

(ii) The self-inhibiting or nutrient-limited phase, when



growth 1is restricted by other factors.
According to Brody, growth in the first phase is a function
of the growth already made and this phase can be described
by a simple exponential function as

dW = uW (2.4)
dt

where W is the liveweight at time t and u is the specific

growth rate constant.

Integrating the Equation (2.4) gives

W = WoeHt ) (2.5)

where Wo is the value of W at time t = 0. But in the second
phase, Brody assumed that the growth rate is a function of
growth yet to be made to reach maturity, rather the growth
already made. Brody used a monomolecular function

W = k(We=-W) (2.6)
dt

where Ws¢ is the final or mature weight, and k is a constant
describing the growth rate in relation to the growth yet to

be made. Integrating Equation (2.6) gives the growth model

as

W =(We-Be-kt) (2.7)
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where B is a constant. This model assumes that the growth
rate k decreases continually and there is no 1imit of
inflexion. Brody used the Equations (2.5) and (2.7) to
compare different species and different breeds of the same
species.

The use of Gompertz model brought a new impetus to
animal growth modelling. Gompertz model assumes that the
quantity of growth 1is proportional to the liveweight W ,
with a constant of proportionality u as follows

gW = W

dt
This model assumes that the effectiveness of the growth
machinery decays with time according to the first- order

kinetics. Thus

Q.
=
"

] -Du
dt

where D is the decay in the specific growth rate py. When

integrated it gives

M = Hoe Dt

where Mo is the value of y at time t=0.

And so

dW = po [We-Pt] (2.8)
dt
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Integrating equation (2.8) we get

W = Wo{exp[uo(1-e-Pt)/D]} (2.9)
In this model, the final weight at maturity We, is given by
We = Limit Wt
t->m

= Wolexp(po/D)] (2.10)

The Gompertz Model has the same number of parameters as the
Logistic Model except that for the latter the point of
inflexion is half-way total period while for the former it
is not.

Many researchers have used Gompertz model to simulate
growth processes. The Gompertz function has been described
as a growth function (Winsor, 1932) and in its modified form
given by Equation (2.11), as one of the best non-linear
models for volume-age description (Nokoe, 1974). The
modified form, abstracted from the generalized and
reparameterized non-linear model described by Grosenbaugh

(1965) is of the form:

Wt = b{exp[-exp(-a(t-g))]1} (2:1%)

where Wt is the liveweight at age t, the constants a, b and
g are parameters to be determined, and e is the
exponentiation constant ( e = 2.71828). We find that

dw = b.exp(s). ds
dt dt
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maturity with considerable accuracy. The Agricultural
Research Council (1980) used it to describe pregnancy in
cattle and sheep as

dE = d[Ee~ht] (2.12)
dt

where t in days is time since conception, E is the energy
stored (MJ) in the gravid uterus at time t, d = 0.0201 for
cattle or d = 0.0737 for sheep, and h = 0.0000576 for cattle
and h = 0.00643 for sheep. The above values of b and h
relate to a calf birthweight of 40 kg and a lamb birthweight
of 4 kg; the energy retentions are in proportion for other
birthweights. Wilson (1980) showed that growth in birds for
meat production 1is well described by a Gompertz model. One
advantage of the Gompertz model (Equation (2.8)) is that one
can attempt to separate out the effects of nutrition (this
may be viewed as modifying pe), of the development rate D,
and of the initial weight of the animal or tissue (W = Wo at
t = 0). Other more complex dynamic growth models have been
described in the literature e.g. Baldwin and

Black (1879).

Konandreas et al (1982) made the first attempt to
comprehensively derive a theoretical simulation model for
both milk and liveweight gain. According to them (Konandreas
et al, 1982), the observed average liveweight, ;t, say, of a
given breed and sex, is a function of age of the animal, t.
That is,

;t = g(t)

Further, they assumed that for the observed liveweight, Wt



We ~ o(pt, o2¢)
that is, liveweight Wt is distributed normally with mean ut
and variance 02t at age t. In this model, the variance, o2t

is also a function of age t. That is,

Ot f(t)

Kt . Wt

ke .g(t)
where kt is the coefficient of variation.

The assumption that liveweights are distributed
normally around their mean for a given sex and age category,
with a coefficient of variation kt implies that

Wt (1+1.96kt )

Wmax,t
and

We (1-1.96kt )

Wmin,t
where Wmax,t and Wmin,t are the upper and lower liveweight
limits, respectively, at the 5% level of significance.

For an animal of a certain age and weight, a liveweight
condition index can be defined depending on the relative
position of its current liveweight vis-a-vis the
corresponding upper and lower liveweight 1imits. This 1index
denoted by ct above is given by

ct = (Wt— Wmin,t)
This index varies between 1.0 (when Wt=Wmax,t) and 0 (when
Wt=Wmin,t).

According to this simulated model (Konandreas et al,

1982), the maximum daily liveweight increase, DWimax, and

decrease, DW9max are given by
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Wk = 0o + QiuUk + OG2mk + ek

where ai (i = 0, 1, 2) are parameters and ek is the error
term which is assumed normally distributed with mean zero
and constant variance, o (homoscedasticity). If variance of
ek is not constant, i.e

var(ek ) = Ok k =1, 2, 3,..
then there is autocorrelation and the series is said to be
heteroscedastic. If a series is heteroscedastic and OLS is
applied, although the parameter estimates would be unbiased,
their variances would be very large both in small and large
samples. Thus the estimates would be inefficient. Moreover,
because of the high variances of coefficient estimates,
prediction based on the model would also possess high
variances. Heteroscedasticity is attributed to various
factors:

i) Omission of important explanatory variables

ii) Mis-specification of the mathematical form of the

mode
iii) Mis-specification of the true random error term ek

iv) Interpolations in the statistical observations

Linear dependence between the expanatory or predictor
variables is quite common in macro-economics and applied
1ife sciences. It is a crucial condition in OLS that the
predictor variables are not perfectly linearly correlated.

If they are, then the problem of multicollinearity would
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Quandt, 1965)
iii) The Glejser test (Glejser, 1969)
Method (i) is said to be superior to both (ii) and (iii)
(Johnston, 1972). Method (i) is simple and applicable to
both small and large samples.
Spearman’s rank correlation test
a) Obtain the estimates of the residuals ek’s
b) Order the absolute values of exk’s and the
explanatory variable values in ascending or descending
order.
c) Compute the rank correlation coefficient
re.x = 1 - 63 d2 ,
n{nZ-1)
In order to test
Ho: there is homoscedasticity
Vs Ht1 : No homoscedasticity

compute the test statistic

t* = re.x 4(nz=2) __ .
J(1-r2e.x)

and which is distributed as t with n-2 degrees of freedom.
Thus reject Ho at a-level of significance if

t* > ta(n-2)
Otherwise accept Ho. The test then is that a high rank
correlation coefficient suggests the presence of
heteroscedasticity.

In the case of autocorrelation, if

corr(et, et-k) = C
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where ¢ is non-zero, then the serial correlation is termed
as autocorrelation of order k.
There are two known methods of testing autocorrelation:
(a) The Von Neumann ratio ( Von Neuman, 1941; and Fox,
1968)
(b) Durbin-Watson test (Durbin and Watson, 1851a and
1851b).

Durbin-Watson test 1is appropriate for small samples and
only where the autccorrelation is of first order. In the
case of first order autocorrelation

ek = C.ek-1 *+ Vk
where vk -~ N(0O, o2). In order to test

Ho: ¢ = O
vs Hi: ¢ =0
compute the test statistic

d* = 7 (ek. =~ €k-1)2
T e2k

and compare this with the tabulated values of Durbin-Watson
d-statistic, du and du. The test procedure is that if either
d* 2 du (with n-k degrees of freedom)
or
(4 - d* 2 du
then there is no autocorrelation. But if d* < dv., then there
is positive autocorrelation whereas if (4 - d*) < du, there
is negative autocorrelation. However, if either dv < d* < du
or do < (4 - d*) < dvu then the test becomes inconclusive.
Durbin’s two-step method developed later (Durbin, 1960) is

however applicable to any order of autoregressive scheme.
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2.3.2.3 Tests for multicollinearity

i) According to Klein (1963), multicollinearity is
harmful only if

rZxi.xj 2 RZy.x1.x2...xk (4.10)
where rZxi.xj 1s the simple correlation between any two
explanatory variables xi and Xxj, and R2y.x1.x2....xk 1s the
multiple correlation of the relationship.

ii) Frisch’s Confluence Analysis (Frisch, 1934).

iii) The Farrar-Glauber test (Farrar and Glauber, 1967).
If we wish to test for the presence and severity of
multicollinearity, then compute a statistic D defined as the

determinant of matrix Q, where

Q = 1 rxt.x2
rx2.x1 1
Thus
D = 1Q]
=1 - r2zxq.x2

Then to test the null hypothesis
Ho: X’s are orthogonal
vs Hi: X’'s are not orthogonal
Farrar and Glauber found that the quantity
X2* = -[n-1-1/6(2k+5).710ge D]
is distributed as X2 with degrees of freedom equal to
k(k-1)/2, where k is the number of explanatory variables and

n the sample size.



If it is found that multicollinearity exists and has
serious effects on the estimates of parameters of important
factors, then the following could be provide some corrective
solutions:

a) Application of methods incorporating extraneous

quantitative information

b) Increase the sample size

c) Substitute the lagged variables for other

explanatory variables in distributed-lag models

d) Introduction of additional equations in the model

e) Application of the principal components.

2.3.3 Validation of models

2.3.3.1 The process of validation

Validation is the process of determining how well the
model fits data. There is need to validate the developed
model if its applicability is to be evaluated. A model could
either be validated to evaluate reproducibilty of its
parameter estimates or to confirm its functional form. A
good model should be simple in addition to:

i) Should be compatible with the a priori postulates of
the theory underlying the subject of study.

ii) Should be consistent with the data whose
relationship it determines besides being able to explain the

observations of the real world.
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iii) The estimates of parameters should be accurate and
possess the desirable properties of estimators such as
unbiasedness, minimum variance, etc.

iv) The model should be able to produce satisfactory
future values of the dependent variables.

Since the inception of the use of ecological simulation
models to represent the seasonal dynamics of energy and
material flow in large ecosystems around the beginning of
this decade, the use of such models has increased (Steele,
18974; Innis, 1978; Kremer and Nixon, 1975; Steele and Frost,
1977; Bledsoe, 1976; DiToro et al, 1975; Coniferous Forest
Biome Modelling Team, 1977; MacCormic et al, 1972; and
Anderson and Ursin, 1877). The primary means of evaluation
(validation) of these models has been comparison of the
model output to field data, preferrably data independent
from that used to develop the model. Recently, a number of
criteria for model evaluation have been suggested in
addition to model predictivity.

Several articles (Innis, 1976; and Woodmansee, 1978)
have suggested that models should be evaluated on how well
they meet their objectives. This opens the door for a wide
range of alternative criteria for evaluation of which
validation is only one. The question arises, however,
whether ecological models are similar enough in their
objectives that criteria for their evaluation can be
discussed as a whole rather than separately for each model.

Swartzman (1978a) reviewed objectives for a number of large-









81

meanhingful and statisticaliy satisfactory. These should be
determined by the principles of biological theory. If the
estimates have sighs or sizes not conforming to the
biological theory, they should be rejected unless there is
good reason to believe that in that particularly instance,
the principles of biological theory do not hold.

Effects of different tick species are considered to be
independent. The observed loss of production of attributed
to each female tick varies from one 1ife system to another.
For the 1-host ticks, the observed loss represents loss due
due to that female as a larva, as a nymph and as an adult,
plus its male counterpart at each stage and also a
proportionate number of larvae, nymphs and adults which
failed to compiete engorgement.

In the case of 3-host ticks, the observed loss due to
the feeding tick represents the true loss caused by the
instar alone, plus a proportionate number of its siblings
that failed to complete engorgement. Sutherst (1881)
estimated that for different species of 3-host ticks, the
adult female account for 60-80% of total amount of blood
taken from the host. Further, Sutherst (1981) postulated
that the amount of blood loss by a host is most likely
correlated to the production loss by that host. The desire
to make results on economic losses to be comparable, the
idea of a 'standard tick’ was adopted. The ’standard tick’

concept has been used to estimate the number of adult
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animals but with very light tick challenge. Harley and
Wilkinson (1964) found that under conventional acaricide
treatment and a combination of planned dipping and pasture
spelling, Shorthorn cattle under the latter method gained
weight faster and suffered only mild tick challenge
permitting better utilisation of the pasture resources.
Wharton et al (1969) concurred with the above findings but
were unable to identify the most significant regime for tick
control. Johnston et al (1981) while working on three groups
of animals under strategic dipping , pasture spelling plus
dipping , pasture spelling but no dipping, found that there
was a significant difference of 12% in the final weight of
animals under strategic dipping over the other two groups.
Johnston et al (1969 and 1871) conducted field
experiments on the performance of Hereford and Shorthorn
crosses with Droughtmaster (Bos indicus X Bos taurus)
cattle. They found out that Hereford cattle carried
significantly more ticks and had to be dipped repeatedly.
They also found that recently weaned Droughtmaster calves
showed better liveweight gains when compared to the
Shorthorn and Hereford crosses. 0’Kelly and Seifert (1969)
simulated different conditions of tick challenge (B.
microplus) encountered in the tropics by keeping Shorthorn
and Hereford cattle under three different plains of
nutrition. During the tick challenge, the two groups with
good nutritional conditions not only gained significantly

more weight but also carried significantly less ticks than
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an FAO/DANIDA funding (FAO, 1982). This study comprised of
two phases. The first phase (1982-84) consisted of field
trials desighed to assess the effects of naturally
occurrying tick infestations on liveweight gain of calves
through to maturity. The second phase (1885-88), the trials
were extended and expanded, to assess the impact of ticks on
milk production and overral herd productivity. Herd
productivity factors were liveweight gain (LWG), age at
first calving, calving interval, milk production (offtake
and calf intake); all of which are interdependent.
In 1982-83, two experimental herds were established;
the first in a low tick challenge area and the second in a
high tick challenge area. In each herd, two groups were
maintained as tick-free (by weekly spraying) and tick-
infested. Tick counts (standard females and total) and LWG
were recorded every two weeks. In 1984-85, the third group
was established in the high challenge area to assess the
effects of dry season supplementary feeding on tick loads
and LWG. Also included in the study were herds owned by
small-holder farmers in the Lutale area in Zambia. These
were monitored and various tick control strategies or
options investigated, namely
(i) Strategic spraying

(ii) Efficiency of Invermectin

(iii) Efficiency of ear-tags

(iv) Efficiency of pour-on formulations

(v) Strategic dipping









82

the high and low groups contained an additiocnal eight
European breed cattle (B. taurus). In the lowveld experiment
each group contained sixteen Sanga cattle.

At both sites, larvae, nymphs and adults were applied
to the cattle at the times of the year when each stage
occurs naturally in the field. The exposure period were of
2-3 months duration and were intersperséd with rest periods
of 1-2 months duration when no ticks were applied. The
cattle were infested with nymphs and adults by confining
them for a period each day in small "infesting paddocks"”
which were seeded with ticks. Larvae were applied directly
to the hair on the backs of the cattle three times a week.
The number of ticks used to infest the high , medium and low
groups were in the rat%o of 4:1:0.

When not in the infesting paddocks the cattle were
always run together on the tick-free pastures to eliminate
any possible pasture or management effects. The cattle were
weighed once a week and counts of standard nymphs and adults
were made three times per week (see Wharton and Utech (1970)
for the definition of standard tick). It was not possible to
count standard larvae. The second phase dealt with milk
production from the Sanga and Sanga X Zebu cows using the
weigh-suckle-weigh technique.

Phase three involved 40 Friesland X Sanga cows and 20
Jerseys of which half were tick-free and the other half
tick-infested. In the lowveld areas, steers of different

breeds (Zebu, Sanga, Sanga X European, European) were



equally exposed to adults of A. hebraeum tick numbers and
LWG monitored.

The results of the Zimbambwean experimental trials
showed that adult R. appendiculatus significantly reduced
LWG in European breed cattle but not in the Sanga, which
were very resistant. Larvae and nymphs of R. appendiculatus
did not have a significant effect on either breed. Adults of
A. hebraeum did not significantly affect LWG, but heavy
infestations were very difficult to obtain because of the
grooming and tick avoidance reactions of the cattle. Larvae
and nymphs of A. hebraeum appeared to have no signhificant
effects on LWG.

In Kenya, a study was done to assess the
effect of tick infestations on cattle productivity. The
research work was done by de Castro (1986). The objective
of his work was to assess the effects of tick infestations
on liveweight gain, blood parameters and development, and
the assessment of host resistance to R. appendiculatus. His
first experiment evaluated the possible effects of two
different levels of infestation with disease-free
R. appendiculatus adults on weight gains, blood parameters
and development of tick resistance by cattle kept under
controlled conditions. In this experiment, thirty cattle
categorically enumerated as 17 Borans (Bos indicus), 3
Herefords (Bos taurus) and 10 Boran cross-~bred by Hereford
(B. indicus X B. taurus) were used. These cattle were of

both sexes aged between five and fourteen months by April
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animals suffered considerable losses in productivity, or
even died. Under similar tick challenge, exposed cattle
showed loss of liveweight but did not die. Their lack of
strong resistance is regarded as the main reason for the
failure of the exposed cattle in controlling the naturail
three-host tick population present in an enclosure from
which all other alternative tick hosts were excluded. Their
ability to control B. decoloratus appeared linked to the
greater time this one-host tick spends on the host.

De Castro’s work represented a cornerstone for cattle
tick studies on the impact of the parasites’ infestation on
the host productivity. The study did, however, include two
controls which might affect the natural conditions in which
there are multiple hosts and parasites interacting
simultaneously. In his first experiment, de Castro only
considered R. appendiculatus as the only tick species and
were treated under laboratory conditions. In his second
experiment, only a single host (cattle) was considered; all
the other possible hosts (goats and sheep), even cattle from
the neighbouring ranches were excluded. It is the aim of
this Ph.D research to study the effects of tick infestations
on bovine productivity under the natural field conditions of
multiple host-parasite populations and then develop a model
to describe the relationship between the tick populations
and cattle productivity.

Secondly, in all the previous studies that were done in

Australia, Boophilus microplus (the principal vector of












99

factors and in small part to random errors or inaccuracies.
Thus, individual variation (as opposed to group variation)
within the permissible limits for the biological population
under study, is of crucial interest in itself. It would
provide an indication of the systematic effects acting on
the animal. In order to develop the threshold, therefore, it
is the variation intervals that are to be determined. The
meaning of this interval is that it is the region within
which 95% of the new individual observations may be expected
to fall if they were drawn from a population whose
parameters are equal to the sample estimates.

Conceptually, a variation interval is different from
confidence interval. Jolicoeur et al, (1986) has extensively
dealt with the distinction between the two intervals. For
confidence intervals also refer to Lindgren (1876).

The approach in this study was to develop the threshold
models based on the two order statistics; the minima and
maxima. Suppose Wi, Wz, Wa,........ ,Wn 1is a random sample
from a population with probability density function f(w).

Then if the sample observations are arranged in an ascending

order as

Wiigds W2y WEB) ss snsnevammnnsnxa SWin)
such that

Wi1) < W(z)y £ W(3) Siiiiinrnnnnas sWin)
where

W(1) is the observed minimum liveweight

W(n) 1is the observed maximum liveweight












a) Identity of the host (animal number)

b) Number of the adult ticks by species and sex
on each animal. Data on number of ticks were collected at
the same time as liveweight of the calf was collected.
Environment

a) Daily temperature (max, min and mean)

b) Rainfa11'(dai1y, monthly, and no. of rainy days)

¢) Humidity ( daily )

d) Pasture quality

3.2.Monitoring of growth of calves

Liveweight gain (LWG) data was secured by weighing the
calves during the mornings of the ticks collection days.
This was done in the mornings so as to avoid the errors that
could be caused by the dry matter intake during grazing
[1.5% of body weight (Hafez et al, 1969)]. The data was
gathered once during the routine monthly visits to the
farms. The weighing was done using an electronic balance (of
beam type).

Specific days were allocated during the months for
sampling. During the investigation periods, sampling was

carried during the following dates.
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The assessnent of the availability of P in feeds
presents difficulties that are non-existent with organic
nutrients, as the faeces constitutes an important pathway
for endogeneous P loss, thus invalidating the use of
conventional balance methods for measuring P absorption.
Various attempts such as the use of P-free fed animals
(Nicolaysen, 1937; O’Donovan et al, 1965) and regression
procedures based on absorption and endogeneous loss (Field
and Shuttle, 1969) have been undertaken. A technique
developed by Kleiber et al (1951) and subsequently improved
by Lofgreen and Kleiber (1954) and Luick and Lofgreen (1957)
using lambs seems to be efficient. The problems associated
with the measurement of endogeneous faecal P arise due to
the fact that it varies considerably depending on the amount
of P in the diet, the nature of the P source and other
factors (Kleiber et al, 1951; Lofgreen and Kleiber, 1953;
Tillman et al, 1959).

Because of the numerous problems of measuring the
endogeneous faecal P loss, the methods based on the
conventional balancing are not satisfactory (Teleni, 1976).
Research work has established alternatives. These are blood
analysis (Theiler et al, 1927; Parker and Bowley, 1974;
Teleni et al, 1976a), and bone analysis (Neal and Palmer,
1931; Kleiber et al, 1936; Wise et al, 1961; Little, 1972;
Little and McMeniman, 1973; and McMeniman and Little, 1974).

Cohen (1973a, 1973b, 1974) confirmed the sentivity of the
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Cynodon nlemfuensis, locally known in Luo language as
"Modhno". This was followed by B. radicans, H. contortus,

and D. amplectens in that order.

4.1.2 Pasture quality

4.1.2.1 General overview

The nutrient factors considered were crude protein,
phosphorus, potassium, calcium and magnhesium contents of the
pastures. It was found that except for magnesium, crude
protein in the pastures was highly correlated to all the
other nutrients (P = 0.0001); positively to both phosphorus
and potassium but negatively to calcium. Phosphorus was
correlated only to magnesium (r = 0.179, P = 0.0001);
potassium was positively correlated to calcium (r = 0.081, P
= 0.037) and negatively to magnesium (r = -0.351). Calcium
had a strong positive correlation (r = 0.272) to maghesium.
The results therefore provided evidence that pastures with
high crude protein also tended to have high phosphorus and
potassium, but low calcium levels. For a good perfomance of
cattle, protein , phosphorus and calcium have been reckoned
to be directly necessary (Brandt 1979c; Hafez et al , 1869).
Calcium is necessary for milk production while phosphorus

for skeletal growth, pregnancy and lactation.
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Table 4.5: Mean nutrition quality of pastures by

Month

1

10

11

12

month of collection (season)

CP P K CA MG
4.64 0.17 0.51 1.16 0.67
(0.809) (0.30) (0.194) (0.351) (0.301)
5.67 0.16 0.82 1.36 0.41

(1.047) (0.033) (0.640) (0.881) (0.122)
5.53 0.20 0.87 1.16 0.39
(0.448) (0.074) (0.327) (0.590) (0.183)
5.51 0.26 0.98 1.72 1.72
(1.309) (0.074)  (0.260) (0.770)  (0.498)
9.73 0.21 1.39 1.13 0.43
(1.582)  (0.047) (0.422) (0.374) (0.199)
7.50 0.21 1.28 1.13 0.39
(2.150) (0.034)  (0.443) (0.288) (0.141)
7.39 0.35 0.55 1.35 0.60
(0.713) (0.075) (0.085) (0.376) (0.181)
8.68 0.28 0.62 0.57 0.59
(3.279) (0.230) (0.256) (0.280) (0.184)
6.37 0.15 0.45 0.95 0.74
(1.466) (0.115)  (0.170) (0.340) (0.158)
7.97 0.28 0.41 0.88 0.83
(1.642) (0.174)  (0.079) (0.442) (0.169)
6.78 0.51 0.37 1.01 0.80
(1.141)  (0.271) (0.095) (0.220) (0.260)
6.92 0.20 0.33 0.96 0.92

(0..457) (0.163) (0.029) (0.331) (0.166)

( ) = standard errors















Table 4.8: Analysis of variance table for crude

protein (arcsine transformed data)

Source df

Farms 9

Sampling Months 11

Error 643

S8

0.14123 0.01284

0.14459

MS

0.01666 0.00185

8.23 0.0001

57.10 0.0001

E Pr. 2. .E

Table 4.9: Temporal

analysis of crude protein (%)

éamp]ing Minimum Maximum Mean std CcVv (%3
month .
1 4.14 6.56 4.638 0.809" 17.4
2 3 .85 7.40 5.665 1.047s 18.56
3 4.95 6.23 5.530 0.448¢9 8.1
4 3.32 7.68 5.517 1.3099 23. 1
5 5.96 10.84 9.73 1.582a 16.3
6 5.10 10.60 7.502 2.1580%4 28.7
7 5.58 8.79 7.389 0.713cde 8.6
8 4.40 12.25 8.682 3.27¢9b 37.8
9 4.08 9.40 6.368 1.466°f 23.0
10 4.74 9.92 7.966 1.642¢c 20.6
11 5.61 7.85 6.781 1.141ef 16.8
12 6.14 7.61 6.821 0, 457de¢ 6.6
All 3.32 12.25 6.973 2.129 30.54.

Treatments having same letters are not

different from each other (Duncans’ multiple range test)

significantly
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25, 27, and 28 also were not significantly different from
each other. The two groups were, however, significantly
different from each other. Thus, linearly the above results

could be expressed as follows:

36 16 6 2.1 1 2 R 27 25 28

4.1.2.4 Calcium

The results of a two-way analysis of variance showed
that there were significant differences in calcium contents
of pastures between farms as well as between sampling months
(P = 0.0001). The highest levels of Ca were found in
pastures during the dry months of December - March; and the
lowest after August.

The fourth and eigth sampling months which were
actually March and August, 1988 (see Chapter 3) were
distinctly different from the rest of the sampling months;
March had the highest while August the lowest. The details

are shown in the linear presentation below.

The spatial analysis revealed that Farms 21 and 25 and
hich are located on the north-western side of the Island had

relatively high levels of Ca; the least mean Ca was












experienced in Farms 1, 2, 28 and 27. On a linear scale, the

farms could be grouped as follows:

25 36 6 21 16 22 1 28 2 27

[ SRSRES——

4.1.3 Detection of multivariate outliers in the nutrition

data

The method of principal component analysis was used to
screen the nutrition data in order to identify and isolate
any possible outliers. This technique involves scatter plots
of the two least significant principal components. The
outliers in the data would appear as isolated data points on
the scattergram.

The last two principal components on the nutrition

domain were:

Ys = 0.42CP - 0.67P + 0.10K - 0.14Ca + 0.59Mg
and
Ys = -0.57CP + 0.13P + 0.57K - 0.46Ca + 0.35Mg

with variances t4 = 0.631 and 15 = 0.224 and contributing
about 12.6% and 4.5% of the total variance in the system,
respectively.

The use of scatter plots of the last principal
components in detecting multivariate outliers had been
proposed by many workers ( Gnandesikan, 1977; Gnandesikan et

al, 1972; Hawkins, 1974, 1980; and Hawkins et al, 1984). A










































good nutrition especially higher levels of crude protein,
phosphorus and calcium would tend to develop greater
resistance to ticks attachments on them. It is true that
there exists some optimal nutrition regime or plane for
which induction of maximal resistance would be possible.
This study was not concerned with that kind of work.
However, the results of this study were based on data

falling within the ranges shown below.

The ranges of data on nutrient factors

Nutrient Minimum Maximum Mean std
CP 6.06 7.53 6.81 0.518
P 0.20 0.28 0.25 0.031
CA 0.81 1.26 1.10 . 0,177

4.2.3 Distribution of ticks on the Island

4.2.3.1 Distribution by single species

The spatial distribution of ticks on the Island is

important in explaining specific farm differences in

relation to certain productivity and morbidity factors. Here
again data on the mean number of female ticks per calf was

used. Initially, only data from the four selected farms were
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Assuming the absence of farm x sampling interaction, an

attempt was made to test the null hypothesis:
Ho: No differences in tick pick-up rates between
farms
against
Hi: At least one farm is different from the rest
in tick pick-up rates
The two-way anova on the raw data provided strong evidence
of the existence of farm differences in tick pick-up rates
(P = 0.0001).

In order to differentiate between the four farms,
Duncan’s Multiple Range Test (DMRT) was carried out. The
two-way anova test in conjunction with DMRT performed on
different subsets of the data. The details are shown below.

It was clearly evident from all the data sets above
that Farm 27 was significantly different from the rest of
the farms. Consistently, Farm 21 experienced the least tick
pick-up rates. Calves in Farm 6 experienced slightly higher
tick infestation rates than Farm 21 but less compared to
Farm 22. Generally the above results showed the existence of
a definite trend in the spatial distribution of tick pick-up
rates across the Island; least to the northern and western
sides and steadily increasing towards the eastern.

Below are discussed differences in tick pick-up rates

between all the ten farms in terms of various tick species.
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principal components analysis above. The above results
therefore provided strong evidence that we could as well use
data on the females of R. appendiculatus and A. variegatum
jointly in order to group the farms in terms of the pick-up

rates.

4.2.3.2.2 Distribution of farms using mulitiple factors

On the basis of the respective DMRT grouping of farms
by female R. appendiculatus and A. variegatum, the following
freguencies of joint occurrences were established. From the
Table 4.21j, three distinct clusters of farms could be
clearly defined. These are:

I : 1

IT : 6, 16, 21, 22, and 25

IIT : 27, 28 and 36

4.2.4 Canonical analysis of the role of nutrition on the

resistance of calves to the ixodid ticks.

Host resistance to ticks was measured by the number of
female adult ticks picked up by each calf. From each calf,
tick data collected were on the numbers of:

A. variegatum males (Xi1)
A. variegatum females (Xz)
R. appendiculatus males (Xs3)

R. appendiculatus females (Xa)



R. evertsi males (Xs)

R. evertsi females (Xe)

B. decoloratus females (X7)
The nutrition data consisted of:

Y1

Crude protein (%)

Yz

Phosphorus (%)

Ya - Potassium (%)

Ys - Calcium (%)
Ys - Magnesium (%)
Let X’ = (X1, X2,..... , X7) and Y’ = (Y1, Yz,uueur.. , Y5)

The method of canonical correlations, a muitivariate
technique attributed to Hotelling (1936), was used to
analyse the data. The method enables one to concisely
describe the interrelationships of different characteristics
between two or more subsets of data of the whole
muitivariate system. The method develops linear combinations
of each subset of data, say

Vi = ai’X and Wi = Bi’Y

where

b

Qi (i1, Qi2, Qi3 ,0vnncecrscnnn , Qip)

Bi’

(Bii; Bizs Pidsessvinnwsnsns , Biq)

are standardized canonical coefficients. The new pair, Vi,
and Wi, called the ith canonical variables, are determined
such that

corr (Wi, Wji)

corr(Vi, Vi)

]

0 for- 1= j=1, 2, 8, 4, 5
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Table 4.23: Correlations between individual variables

and the first two pairs of canonical variates

Yariable Vi V2 W1 Wz
Host resistance:
X1 0.237 0.033 0.066 0.007
Xz 0.003 0.266 0.001 0:056
X3 =0.592 -0.069 -0.165 -0.014
X4 -0.620 0.430 -0.173 0.090
X5 0.295 ~-0.081 0.083 -0.007
X6 0.232 0.188 0.065 0.040
Xz =0..717 =0.188 =0.200 -0.040
Variance extracted: 0.206 0.048 0.016 0.002
Redundancy.: 0,018 0.002 0.016 0.002
Nutrients:
Y1 0.208 0.082 0.743 0.392
Y2 0.066 0.036 0.236 0.173
Y3 0.132 =0,098 0.471 -0.467
Y4 0.088 =0.:158 0.349 ~-0.728
Ys 0.087 0.080 0..310 Q3
Variance extracted: 0.016 0.010 0.210 0.215
Redundancy.: 0210 0.215 0.210 05215
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Oral treatment with anthelminths such as Nilzan and
Nilverm reduced the infestation to 11%. However, it was
realised that reinfestation was quite fast. For the above
study, reinfestation increased the worm burden level to 100%
within one month’s time. At the age of five months, all the
calves were already infested with Trychostrongylus spp 1in
which over 70% showed faecal egg burden of over 1000 eggs
per gram of faeces. These results therefore showed that the
prevalence rate of helminths is very high amongst the calves
particularly in the absence strategic antihelminths
treatment as it is on the Island.

Due to the fact that farmers on the Island do not
drench their animals with antihelminths, it was believed
that prevalence rates of the helminths amongst the calves
aged over five months was very high well above the economic
injury levels. Because of the homogeneous spatial
distribution of the intermediary hosts of the helminths, the
snails, around the Island, it was valid to assume equal
infestation amongst the farms. Thus, the effect of helminths
was considered to be immense but equal between the ten

farms.
4.3.2 Trypanosomiasis
In 1985, a general investigation in which 204 buffy

coats from cattle were examined and no trypanosomes were

seen (ICIPE, 1986 and 1987). Further, a trapping study was
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Table 4.26: Age distribution of the 1987 dams by the

number of calves born

Farm No. of calves born

1 2 3 4 5 6 7 8 9 Total
1 1 0 0 1 3 0 0 0 0 5
2 0] 1 2 1 1 1 0 0 0 6
6 2 2 0 0 0 0 0] 0 0] 4
21 3 1 0 1 0 0 0 0 0 5
22 3 0 2 0 1 1 0 0 0 6
25 2 0 5 2 1 0 0 0 0 10
27 1 0 1 3 0 0 0 0 0 5
28 2 1 1 1 0 1 0 1 1 8
Total 14 5 11 9 5 3 0 101 49
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6 316 M
16 388 M
242 M
243 M
21 343 E
351 F
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319 F
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396 F
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estimation process (Gauss, 1809; Sadler, 1975) is not
possible. Hence, an iterative computer programme called NLIN
in the SAS (Statistical Analysis System) package was used.
NLIN is a nonlinear least squares iterative computer program
(SAS, 1985). Table 4.33 contains the estimates for the
growth parameters for the calves. The results revealed that
Farms 1 and 21 experienced the highest growth rate while
Farm 27 had the lowest. Farm 27 was noted for its lowest CP
content in the pastures.

In testing the adequacy of the Model 1in describing
growth, data on the seventy two calves was used. The
estimates of the parameters converged on 55 calves thus
representing about 72% of all the calves that were examined.
The quantity

PIN]1 = DN (4.3)
N

is a measure of the appropriateness of model in explaining
growth patterns of the calves. Of course

Limit E[p(n)] = probability of success of the model 1in
" ’ growth simulation
For the divergent iterations, it was observed that data was
scanty and scattered so that the growth trend was linear.
Except for Farm 16, the growth of calves in the rest of the
farms could satisfactorily be described by the Modified
Gompertz Model. The details are shown in Tables 4.33-4.36.

Estimates of the growth parameters were also determined

by month of birth. The results are given in Table 4.37.
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Table 4.35: Estimates of growth parameters for all calves by

farm
Earm Sample size Mean est.imates.
n . a b g

1 6 0.03233 178.76 19.30
(0.00841) (65.77) (17.50)

2 4 0.27028 144.79 23.25
(0.43972) (46.286) (53.38)

6 6 0.059893 180.09 18.79
(0.04606) (82.88) (17.63)

16 1 1.44170 102.89 18.91
(.) (.) (.)

21 5 0.03302 241.85 29,31
(0.01997) (87.08) (19.45)

22 11 0.06358 198.27 29.86
(0.03106) (75.31) (28.87)

25 9 0.06281 172.60 17.01
(0.04177) (68.47) (22.30)

217 4 0.07060 211 =37 10.79
(0.03917) (117.08) (13.26)

28 5 0.08556 160.56 6.15
(0.06386) (79.73) (8.25)

36 2 0.04090 228.26 55.75

(0.02800) (181.38) (8.13)
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Me = 0.1065 and TF = 0.0946
194.1864 180.2740
19.1254 24.7410

The sex model sum of squares and cross-products
H = 0.0018 2.1875 -0.8829
2556.2486 -1031.8027
416.,4762
and the error sum of squares and cross-products
E = 2.6493 -210.5156 41.0861
326117.5281 56846.6478
31228.8561
The eigenstructure analysis results showed that the first
root &1 = 0.063 accounted for total variance. The other two
roots were zero, each. The cor;esponding vector was
' = (-0.3269 -0.0020 0.0067)

ai

The results of MANOVA tests were as follows:

Statistic Yalue E df1 af2 Pr> F

Wilks’ Lambda 0.59407 1.028S8 3 49 0.3880

Hotelling-Lawley 0.0630 1.0289 3 49 0.3880
Trace

The MANOVA test showed that there was no statistically
significant differences in growth between sexes
(P = 0.3880). A1l the univariate ANOVA tests on the data
also confirmed the conclusion of MANOVA.

Data was also analysed separately for those calves born

in 1986 and 1887. For the 1987 calves,
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Estimates of growth parameters of all the calves

by month of birth

Month . Sample size Mean estimates
n a b g
April 6 0.03943 234.20 40.67
(0.03105) (81.38) (23.14)
May 2 0.11905 270.28 70.94
(0.05564) (31.64) (3.28)
June 10 0.04835 217.43 25 .50
(0.03200) (87.62) (19.90)
July 16 0.10794 182.27 23.95
(0.22099) (71.83) (22.29)
August 3 0.05557 176.86 13.66
(0.02501) (60.60) (9.11)
September 2 0.05055 142.89 5.87
(0.02567) (87.31) (8.21)
October 7 0.07614 164.21 10.60
(0.06029) (94.90) (22.28)
November 6 0.06842 139.84 -4.,30
(0.03862) (62.89) (18.85)
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the choice of a sigmoid curve.

4.7.4.2 Development of the models

Figure 4.8 depicts a scattergram of the liveweights of
calves plotted against their respective ages. It revealed
the existence of heteroscedasticity in the data. Thus
variances of the residuals at age t, denoted by o02t, are
age-dependent. In such a situation, the estimates of the
regression coefficients a and 3 based on the ordinary least
squares method, although unbiased, would possess very large
variances (Koutsoyiannis, 1973; Gilchrist, 1976 and 1984;
Johnston, 1972; and Hu, 1982). Thus assuming any model form

Wt = g(a, B, t, et), (4.5)
say, any attempt to predict liveweight Wt at age t based on
t as the explanatory variable would yield inefficient
predictions.

Although the raw data was heteroscedastic, the
logarithmic transformed data became homoscedastic and
suggested that either a linear

Y = a + Bt
or quadratic
Yt = a + Bt + Tt2
models of the log data were suitable candidates.

The distribution of the minimum and maximum 1iveweights

were also heteroscedastic, while the transformed data were

not (Figs 4.9a and 4.9b). Suppose we denote the minimum
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A = the event that a calf is serologically
positive to 7. parva parva piroplasms
B = the event that a calf is serologically

positive to B. bigemina piroplasms

C = a calf is serologically positive to

A. marginale

D = a calf is infested with an helminth
Pr(A) = 0.36
Pr(B) = 0.50
Pr(C) = 0.70
Pr(D) = 0.70

Pr(AUBUC) = 0.804 and Pr(AUBUCUD) = 0.9712. Hence, the

probability that a calf was healthy was given by

Pr(a calf is disease-free) Pr(AUBUCUD)¢c

1 - 0.9712

0.0288
Pr(X21/N=n)=(1-0.9712n)
Pr(X 22/ N=n) =Pr(X 21/ N=n) - Pr(X =1/ N = n)
= 1-0.9712"-n(0.0028)(0.09712)n-1
The results revealed that for the Rusinga situation, except
for calves aged 32 and 33 months,
Pr(X 2 1/ N = n) > 0.25

and which provided additional evidence in respect of the

reliability of the survivorship threshold model, Yi(t).
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Table 4.40: Correlation coefficients between parameter

estimates from high tick density farms

Mk m* k rk rk+1 Fk+2 rk+3
uk 0.93158 0.96147 0.46860 0.06389 -0.45068 -0.55015
(0.0001) (0.0001) (0.0483) (0.7947) (0.0528) (0.0147)
Mk 0.98759 0.38172 -0.46951 -0.62186 -0.75875
(0.0001) 90.1180) (0.0493) (0.0059) (0.0003)
m* k 0.46841 -0.39286 -0.54448 -0.68594
(0.0499). .(0.1068) . (0.0185) . (0.0017)
Table 4.41: Correlation coefficients between parameter
estimates from high tick density farms
Zk Zk +1 Zk+2 Zk+3
Uk 0.24492 0.02971 -0.49835 -0.59720
(0.3434) (0.9039) (0.0299) (0.0069)
Mk 0.18056 -0.55150 -0.66727 -0.78950
(0.4880) (0.0177) (0.0025) (0.0001)
m*«x 0.21153 -0.46784 -0.59266 -0.71921
(0.4151)..(0.0502)..(0,0085) .. (0.0008)


































Table 4.50: Forecasting power and test of first order
autocorrelation of the model
Zk+2 = 2.34397 + 0.09208uk - 0.25163m*«k
Age m* k rk+2(0) rk+2(p) zx+2(0) zk+2(p) e
2 5.07 1.97 2.99 0.90 1«25 = ). 35
3 6.26 2.16 2.35 0.88 1.05 -0.07
4 7.19 1.85 1.97 0.85 0.30 =0, 06
5 8.92 1.98 1.25 0.91 0.56 0.35
6 6.92 1.98 2.67 0.91 1.15 -0.25
7 8.22 1.86 2.01 0.50 D. 92 =0. 02
8 7.85 2.02 2.52 0.92- 1.11 -0.18
9 8.78 1.88 2.12 0.81 0.96 =D. 08
10 9.80 2.09 1.72 0.85 0.80 0,15
11 10.55 1.84 1.52 0.85 0.70 0.15
12 10.04 2.20 2.01 0.99 0.92 0.07
13 11.79 2.16 1.28 0.98 0.58 0.40
14 11.28 2.08 1271 0.95 0.80 8.15
15 11.42 2.31 1.84 1.03 0.85 0.18
16 13.08 2.54 1.19 1.11 0.53 0.59
17 14.50 1.84 0.80 0.85 0.26 0.59
18 14.38 0.00 0.97 -0.69 0.38 -1.08
19 16.69...0.00 0.40 _-0.69 =0.13 ~0.59

251



Table 4.51:

autocorrelation of the model zZk+s

Forecasting power and test of first order

2.88904 + 0.12245ux

252

0.34547m*

Age m* k rk+3 (0) rk+3(p) zk+3 (o) zk+3(p) ek
ék) ST 2.16 3.48 0.978 1.381 —0.403‘
3 6.3 1.85 2.49 0.854 1.085 =-0.240
4 T7:2 1.98 1.95 0.908 0.886 0.012
5 8.9 1.98 1.02 0.908 0.421 0.487
6 6.9 1.96 2.93 0.800 1.283 +<=0.333
7 8.2 2,02 1.97 0.824 0.906 0.0189
8 7.8 1.99 2.68 0.912 1.158 -0.246
S 8.8 209 2.11 0.852 0.960 -0.008
10 9.8 1.84 1.57 0.850 0.727 0.123
11 10.6 2.20 130 0:893 0581 0.403
12 10.0 2.16 1.93 0.978 0.889 0.089
13 11.8 2.08 1101 0.848 0.408 0.538
14 11.3 2.31 1.583 1.033 0.707 0.326
15 11.4 2.54 1.68 1.112 . 0.781 0.331
16 13:1 1.83 0.89 0.846 {0881 0515
17 14.5 0.00 0.46 -0.693 -0.040 -0.653
18 14.4 0.00 0.63 -0.693 0.126 -0.819
19...16.7 0.00 0.08 =0.693 -0.550_ =0.143

(o) observed

(p) predicted
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annual weight for the calves would be between 26 - 60 kgs.
An experiment conducted with zebu cattle grazing on natural
vegetation in Madagascar showed that the annual liveweight
gain was around 40 - 70 kgs which mainly occurred during the
rainy season (Granier et al, 1968; and de Reviers, 1970).
Hence the two sources of information were comparable. The
real differences between the two situations could be
attributed to feed nutrients in relation to the growing

season of the calves.

4.8.4 Model validation

4.8.4.1 The process of validation

Validation of a model takes several forms. In this
study, two methods of model validation were adopted. First,
the models were tested for the form of their functional
relationships. Second, the estimates were tested for their
ability to simulate the coresponding parameters in the
1ight of the ’a priori’ biological mechanisms behind the

processes.

4.8.4.2 The functional form of the models

The biological theory on the effect of ticks on cattle

productivity does not explicitly state whether a

single-equation or multi-equation model was most
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increased. For example, increasing tick burdens from 20 to
50, reduced the growth rate by 51% for the ten-month old
calves whereas for an increase from 50 to 100 ticks per
calf, the change was 58.8%. At a tick load of 100 ticks per
calf, there was a steady decline in the growth rate
fluctuations varying between 70.4% and 54.9% for the one-
and ninteen-month old calves, respectively. Therefore, the
results revealed that the younger calves were more
vulnerable to tick infestations than the relatively older

ones.

4.9 Application of the models in management decision-making

process.
4.9.1 An overview

Within the past decade many economists have become
interested in natural resource models which simultaneously
consider economic flows (such as cost and revenue) and the
vector/pest population dynamics. Resource management is
often cast as a problem in dynamic optimization where
management objective may be to maximize the present value of
net benefits subject to the stock adjustments which result
from growth, natural mortality, and man’s harvesting
activities. When the resource in question is a plant or
animal, capable of regeneration, these resource models are

called bioeconomic models.
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the absolute difference, is a measure of the effectiveness
or benefits which would be derived from the new strategy B.

Thus

dwk {rk (A) = rk’(B)} wk (4.30)

drk *wk

where wk is the mean liveweight for calves aged k months in
the given production system. The quantity dwk represents the
magnitude of the average liveweight gain for calves aged k
months and which is attributed to the new control strategy
B.

Suppose p(k), the unit price of beef for calves aged k
months is known. Then the economic benefits realised on
calves aged k months from strategy B would be

bk = dwk*p(k)

The total benefits in the whole herd would be

K
= 3 dwkxp(k)

Further, suppose ck is the corresponding unit cost per tick

of applying control strategy B to calves aged k months. The

cost of dipping an animal is directly dependent on the

liveweight of the animal. It was found in this study that

tick burdens were directly proportional to liveweight. Hence
C ~ T nk*wk

and

T Wk

24
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which the application of the intervention will accumulate
sufficient net cash earnings or benefits to cover the amount
of its total investment costs. In this case, let kp be the
payback period. Then

Kp

I = 5 BF; (4.31)
J=1

where I is the total investment costs during the period of
implementation of the control strategy. A control strategy
having the shortest payback period would be accepted when
choosing amongst several alternatives. The shorter the
payback period, the smaller the risk to which a peasant
would be exposed to in adopting the new control strategy.
The second approach would be to compute the net present
value (NPV). NPV of a project is the difference between
present values of its future net benefits. Based on a
predetermined discount factor, the net benefits are
discounted to zero point in time. The discounting process
determines the present value of future cash flows. Then

NPV =
J

aj *BF; (4.32)
1

Mo

where aj is the discount factor at year j. The decision
criteria would be to choose a control strategy for which NPV
is greater than or equal to zero. A strategy would be
commercially viable only if

NPV 2 O
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s
2 BF;y 20 (4.33)

Thus when selecting a control strategy among alternatives,
the best choice would be one with the largest NPV.

The above discussions have shown that in order to
evaluate any tick control strategy, it is essential that net
benefits must be determined. To do that, estimates of cash
outflows and inflows resulting from implementation of the
strategy would be needed. Cash flows could only be
determined after knowing the average level of tick
infestations in a herd with the help of the models (4.12),
(4.15), (4.18), and (4.21). It is therefore evident that the
models would be indispensable in the policy and management
decision-making processes of livestock production systems
involving tick control strategies. The data input and
analytical requirements of the models are not many and hence

the approach be suitable to most developing countries.
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nutrition regimes. Group I consisting of those farms with
highest protein, medium phosphorus and lowest calcium. Group
II are farms with median crude protein and phosphorus, but
highest calcium levels. Group 1II are those farms which
experienced lowest levels in all the three nutrients. 1In
terms of spatial distribution, Group I represents farms to
the south, and Group 11 farms to the northern and western
parts of the Island. Group III generally are those farms to
the eastern and north-eastern region. Although Farm 36 was
in Group II, it experienced relatively Tower CP levels but
had one of the highest levels of both phosphorus and
calcium. Group II can be considered as the ’Balanced-diet
group’.

Jol11liffe’s approach (Jolliffe, 1970, 1972, and 1973)
showed that the most important nutrients for discriminating
between farms were crude protein followed by phosphorus and
calcium in that order of 1importance. The poor performance of
potassium (K) was due to the fact that normally it is easily
avajilable from many natural sources of feeds. And so it was
equally very well distributed between the farms.

Generally, the quality of the pastures during the study
period was reasonable. The levels of the nutrients
investigated were quite sufficient. This could be attributed
to the good climate, particularly rainfall, which was

experienced during the year.
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incidence of Theileria parasites, calves on the Isltand were
infected as early as the age of four to six months.
Morbidity of B. bigemina and A. marginale are also high
although mortality attributed to these two are low. During
the period of the study, there were no serious outbreaks of
B. bigemina and A. marginale on the Island. The probability
of the finding at least one animal uninfected with TBD is
greater than 0.25. There were few cases of deaths due to
acute ECF attacks in Farms 2, 6 and 28. Because of low
nutrition status of the calves in Farm 2, all the calves on
that farm were wiped out by acute ECF. Moreover, it was
apparent especially from Farm 6 and 28 that zebu cattle
exert a substantial amount of tolerance to the tick-borne
diseases compared to the European breed Bos taurus. The
studies with the hybrid cattle on the Island confirmed this
(ICIPE, 1986 and 1987). Heartwater is also present on the

Island.

5.1.6 Other factors

Although they were not seriously investigated, there
were other diseases that attacked calves on the Island.
Cases of coccidia, coughs and diarrrhoea were noticed. No
clinical studies have been conducted to determine their
epidemiology. These factors are not very important in

relation to nutrition and tick-borne diseases.
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it could be concluded that the loss models were more
efficient with increasing lag effects. Thus zk+3 would be a
better model than zk+2. This was confirmed by the tests of
hypothesis of the parameters of the two models in Tables
4.48 and 4.49, respectively. Moreover, model 4.12 was not
very efficient because corr (mk, zxk) = -0.28 (P = 0.1657).
It was therefore conclusive that the relationship between
calf growth was getting stronger as the time lag increased.
Hence the effect of tick burden was more pronounced with
time lag on the animals. In other words, relationship
between tick load and its long~term effect on calf growth
was stronger than those of the immediate past. It was
particularly found that the relationship was strongest when

the lag was two months.
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APPENDIX VII

DETERMINATIONS OF POTASSIUM, CALCIUM AND MAGNESIUM

MEASUREMENTS FROM THE WET ASHED SOLUTIONS

7.1 Potassium

Either pipette 1 m1 of the wet ashed digest solution of
plant material into a 50 ml1 clean volumetric flask or 2 ml
of the digest into a 100 ml1 volumetric flask. Dilute to mark
with distilled water. Stoppered and shake contents very
well. Take a portion of the solution into a 1ittie clean
container (e.g. plastic container), properly rinsed with the
diluted solution. Spray this portion directly into the Eel
flame photometer flame. For calibration purposes, use all
wet ashing K standards. The potassium standards for the
calibration curve are:

0 ppm, 1 ppm, 2 ppm, 3 ppm, 4 ppm, 6 ppm, 10 ppm, 15 ppm

The K dilutions vary with the plant material. For
example, 1 ml into 50 ml1 is sufficient when maize or sorghum
plant is young. But at maturity, grain in particular,
contains little K, so a dilution of 5 m1 to 50 ml1 is often
made. Pipetting 1 ml digest needs a 1ot of care!!.
7.2 Calcium

Pipette 10 m1 of the wet ashed solution into a 50 ml
volumetric flask. Add 10 ml1 of 0.15% lenthanium chloride
solution. Add 1 m1 of dilute ammonia chloride solution. Fill

to mark with distilled water. Take a portion of this
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