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ABSTRACT

The on-farm study described in this thesis involved the use of novel research 

methodologies and approaches including the application of Participatory 

Epidemiological tools in conjunction with conventional veterinary investigation 

techniques to analyse the causes of poor calf health and production in Maasai 

pastoral systems in the southern rangelands of Kenya. The use of 

participatory approaches ensured that Maasai pastoralists were involved in 

the design of the study through identification and ranking of calf health and 

production constraints. Thus, neither did the Principal Investigator choose the 

disease or diseases to be investigated nor did he envisage the emphasis on 

tick borne diseases, especially East Coast fever or theileriosis.

The epidemiological study on factors associated with poor health and 

slow growth rate of calves in Maasai pastoral systems was implemented in 

three phases using a combination of different study approaches for data 

collection, i.e Rapid Rural Appraisal (RRA), Cross-section Survey and 

Longitudinal Observational Study, consecutively. The RRA was used to 

assess the community’s perceptions of the causes of the constraints for 

improved calf health and productivity in the district. The results indicate 

shortage of water was the most important constraint followed by high 

incidence of disease, lack of extension services, feed shortage, wildlife 

menace, costly inputs, lack of credit facilities, livestock marketing, communal 

land ownership. Of the diseases of calves that were cited, tick-borne diseases 

(especially theileriosis) were ranked the highest, followed by foot and mouth 

and helminthosis. Due to the limited extension services, many pastoralists 

were forced to treat their own animals. Although the pastoralists have a wide
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knowledge of clinical signs of diseases, they were not clear about the actual 

causes. Thus, quite often they gave the wrong treatment for certain diseases. 

A wide range of ethno veterinary practices were also used to treat livestock 

diseases.

Qualitative methods of data collection and analysis for epidemiological 

studies useful in identification of constraints for improved calf health and 

productivity. Besides being cheaper to implement, qualitative methods 

enhanced participation of stakeholders, allowed investigation of broad 

objectives and provided results rapidly. However, they failed to provide 

necessary precision in specific evaluations of disease risks, productivity 

measures and intervention studies. Thus, the need for elaborate 

investigations using cross-sectional and longitudinal studies to analyse 

prevalence and incidence of diseases.

In the cross-sectional study, both qualitative and quantitative methods 

were used to characterise the Maasai pastoral cattle production systems, and 

identify the factors that enhance the prevalence of tick borne diseases of 

calves in the study area, and the methods applied at farm level to control 

them. This study showed that major changes in livestock production were 

taking place in this area. These changes were mainly attributed to changes in 

land tenure systems, increased human population pressure and orientation 

towards commercial farming. More productive breeds which are more 

susceptible to a wide range of diseases have recently been introduced into 

these area. Animal Health Delivery Systems remain inadequate. Grazing land 

continues being excised for crop cultivation.
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The pattern and distribution of estimates of sero-prevalence of TBDs 

and the associated risk factors varied between and within agro-climatic zones, 

group ranches and farms. The study suggests that environmental factors 

(vector distribution), farm management (watering and grazing practices) and 

calf factors (age, breed) were playing a major role in the epidemiology of 

TBDs in the district. The study suggested that targeted rather than blanket 

immunisation of calves and other tick control measures be conducted, 

targeting agro-climatic zones, group ranches and farms.

The longitudinal study was conducted to quantify the incidence of the 

diseases that cause morbidity, mortality and slow growth of calves. Emphasis 

was on the role of TBDs, especially theileriosis and anaplasmosis because it 

was perceived that they had the greatest impact on survival and growth of the 

calves through decreased average daily weight gain (ADWG), mortality and 

high cost of treatment and control. The overall ADWG was 0.26 kg (range=- 

0.57-0.81 kg). Both farm- and calf- factors were associated with ADWG of 

calves. Average daily weight gain of calves was associated with age, initial 

calf body weight, occurrence of clinical illness, lower amounts of milk fed to 

calves, decrease in frequency of water intake, and seroconversion rate of T. 

parva, T.mutans and A. margin ale.

The causes and patterns of morbidity and mortality in pastoral calves 

during the first 12 months after birth were also investigated. The study which 

involved 593 calves from 23 herds showed that the risk of calf morbidity was 

greatest during the first month of life and decreased gradually up to seven 

months. About 27 per cent of the calves did not fall sick during the first 12 

months while 88 per cent of the calves survived during the same period. The
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main causes of morbidity were fleas, lice, ringworms, anaplasmosis, 

helminthosis and theileriosis, while the most common causes of calf mortality 

were theileriosis and anaplasmosis. The study suggests that calf 

management practices such as poor hygiene and overcrowding in the calf 

house or pen were major predisposing factors for high calf morbidity in the 

early stages of growth.

Calf mortality was highest between 5-10 months of age. The highest 

calf mortality coincided with the age when colostral antibodies had waned and 

calves started getting exposed to tick borne diseases. The study suggests 

that more attention should be given to the improvement of calf management 

practices early in life to reduce morbidity while integrated control of ticks and 

tick borne diseases through spraying and early immunization could increase 

the survivability of calves in pastoral herds.

The epidemiological status and economic impact of other diseases 

such as helminthosis, ecto-parasites (fleas, lice), ringworms and non-specific 

causes of diarrhoea in causing poor calf health and production was possibly 

underestimated and needs further investigation. These diseases which are 

mainly associated with poor calf husbandry practices were also ranked high 

by the pastoralists during the RRA. There is a wide range of interventions 

already available that could be applied to improve calf health and production 

in Maasai pastoral systems. Such technologies include improved calf 

husbandry practices (such as increased access to water, improved housing), 

immunisation against ECF, strategic deworming and vaccination against 

notifiable and contagious diseases such as black quarter, Lumpy skin 

disease. However, improving health constraints alone without addressing
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nutritional requirements of the calf will not be able to increase production 

substantially. Therefore', besides the need for application of appropriate and 

integrated interventions for strategic control of livestock diseases, future 

research and development should address calf nutrition and management 

aspects in pastoral systems of the southern rangelands of Kenya.

In conclusion, this study has shown that epidemiological prevalence 

and incidence assessments confirmed pastoralists’ perceptions of diseases 

causing poor calf health and production. Thus, a combination of qualitative 

data from the RRA and quantitative data from the cross-sectional and 

longitudinal studies showed that tick borne diseases, especially theileriosis 

and anaplasmosis, occurred in varying proportions throughout the study 

region and were indeed a major constraint to improved calf health and 

production in Maasai pastoral system.
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CHAPTER ONE

GENERAL INTRODUCTION

1.1 Overview of Livestock Production in Kenya

Livestock production accounts for about 10 percent of Kenya’s Gross 

Domestic Product (GDP) and over 30 percent of farm-gate value of 

agricultural commodities (GoK, 2003). The livestock sector employs over 50 

percent of the agricultural labour force and provides substantial raw materials 

for the local dairy, meat and meat processing industries, as well as hides and 

skins for tanneries, wool and hair. The total annual production of milk from 

cattle and goats was estimated at 3.1 million metric tones, equivalent to over 

Kshs 43 billion, whilst beef and small ruminant meat production was estimated 

at over 0.37 million tonnes, worth over Kshs 39 billion (GoK, 2003). Cattle 

production systems alone produced 89 percent of the total value of cattle, 

sheep and goat production. However, there is great potential for increased 

livestock production in this sector.

1.2 Livestock production in ASAL of Kenya

Kenya’s arid and semi arid lands (ASAL) cover about 84 percent of the 

total land surface and support 25 percent of the human population and 

account for more than 80 percent of eco-tourism interests in the country (GoK, 

2003). Presently, over 50 percent of the country’s livestock population is 

based in the ASAL It is estimated that the livestock sector accounts for 90 

percent of employment and more than 95 percent of family incomes in the
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ASAL (GoK, 2003). Most of the livestock slaughtered in major urban centres 

today originate from these areas. These areas have the highest incidence of 

poverty, averaging about 65 percent, and very poor access to basic social 

services. The level of infrastructure development is also low compared to the 

other parts of the country and literacy levels are wanting (GoK, 2003).

The main production system in the ASAL is large-scale milk-meat (dual 

purpose) production through nomadic pastoralism (Peeler and Omore, 1996). 

Traditional nomadic pastoralism is based on communal grazing system and is 

well suited to the annual and seasonal fluctuations of rainfall of these areas 

(Jahnke, 1983). The pastoralists move to areas where forage and water may 

be found during dry periods. These movements have implications on animal 

health and usually result in transmission of highly infectious diseases, such as 

foot and mouth disease disease (FMD), Contagious Bovine Pleuropneumonia 

(CBPP) and East Coast Fever (ECF) from one place to another (MacPherson, 

1994). In addition, such movements usually take livestock to remote areas 

which are inaccessible to conventional animal health services. Prevalent 

diseases go unrecorded and rarely are any attempts made to diagnose and 

control them. During periods of prolonged drought, free movement of livestock 

is necessary to prevent herds from overgrazing and damaging the fragile 

environments. When numbers of animals exceed the carrying capacity of the 

land, regeneration of vegetation is inhibited (Oba and Lusigi, 1987).

Delivery of animal health services in the ASAL is not easy due to the 

vastness of the area, the rough terrain, poor infrastructure and insecurity 

(Hubl et al., 1998). Additionally, there is a severe shortage of qualified
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extension staff mainly due to the hostile environment described above. Funds 

allocated for operations and maintenance are insufficient, leading to shortage 

of transport, drugs and vaccines, and poor maintenance of equipment such as 

refrigerators. The result is a decline in service delivery leading to poor disease 

monitoring and surveillance, poor disease prevention and control (Hubl et a!., 

1998).

1.3 Livestock production in Kajiado District

Kajiado is one of the ASAL districts in Kenya. The indigenous people, 

comprising of predominantly the Maasai community, practise nomadic 

pastoralism (Bekure et a!., 1991). However, some areas in the district, such 

as Loitokitok and Ngurumani that are arable and have attracted human 

settlements. Other areas in close proximity to Nairobi City, such as Ngong 

and Kitengela have also experienced rapid human settlement and 

urbanisation by settlements, with peri-urban agriculture (both crops and 

livestock) replacing communal grazing. Nevertheless, the bigger part of the 

district is semi-arid, with pastoralism being the predominant mode of life.

Recent studies indicate that nomadic pastoralism was steadily 

declining in Kajiado District (Kimani and Pritchard, 1998; Oyaya, 1998; 

Campbell et a!., 2000). This was attributed to frequent drought, rapid 

population growth, subdivision of ranches and creation of National Parks, 

which denied pastoralists access to the traditional dry season grazing and 

watering resources (Oyaya, 1998). Consequently, changes have occurred in
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livestock management including a decline in herd size, introduction of exotic 

breeds, improved housing and nutrition of calves (Mwangi, 2000).

Cattle account for 77 percent of the livestock units in Maasai areas 

while sheep and goats account for most of the remaining livestock units 

(Bekure et al., 1991). The parameters that determine the productivity of a 

cattle herd are 1) the rproductive performance of the breeding females, 2) 

mortality, 3) growth rates from birth to maturity, and 4) the division of milk 

between calves and people (de Leeuw et al., 1991). However, although 

overall mortality and growth are important, it is the cow-calf unit that drives the 

systems, in the short-term because of the milk supply and in the long-term 

because it is the number of calves, their survival and growth that determines 

the sustained viability the herd

1.4 Objectives of the study

The broad objective of this study was to identify the causes and 

provide quantitative data on estimates of morbidity, mortality and slow growth 

rates of calves under pastoral production system in the southern rangelands 

of Kenya. Additionally, information on calf management practices and 

traditional methods used by pastoralists to improve calf health and production 

was also investigated. The specific objectives are listed in chapters four, five, 

six and seven.
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CHAPTER TWO

GENERAL LITERATURE REVIEW

2.1 Introduction

Pastoral production systems (PPS) are found in the arid and semi arid 

lands (ASAL) of Africa. The ASAL are characterised by low, erratic and poorly 

distributed rainfall and high temperatures (Sandford, 1983). Livestock 

production is the main economic activity, a source of food and cash for many 

pastoral families (Jahnke, 1983). The majority of pastoral communities living 

in the ASAL keep different kinds of livestock which have different feed and 

water requirements, ecological adaptation, growth rates, adaptation to 

diseases and management requirements (Cossins, 1983). The main livestock 

species are camels, cattle, sheep and goats, while the main products are milk 

and meat (Jahnke, 1983). Generally, it has been observed that camels and 

goats dominate as the degree of aridity increases possibly due to the 

associated decrease in pasture and increase in browse (Mace, 1989).

Livestock management strategies in PPS are characterised by close 

correlation between spatial and temporal distributions of water and forage 

(Jahnke, 1983). During periods of prolonged drought, free movement of 

livestock is necessary to prevent herds from overgrazing certain areas and 

damaging the fragile environment (Mace, 1989). The number of times and 

distance a given community migrates within a certain period depends on the 

degree of aridity. Migratory distances become longer as the degree of aridity 

increases, resulting in various types of pastoralism. Nomadic pastoralists 

occupy the most arid parts of the continent (Jahnke, 1983). They include the
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Turkana, Rendille, Somali and the Gabbra of Kenya and the Tuaregs and 

Fulanis of Nigeria. Transhumant pastoral communities have relatively fixed 

migration patterns, coinciding with different seasons (Sollod and Stem, 1991). 

They include the Bahimas of south-western Uganda, the Maasai of southern 

Kenya and the Tutsis of Rwanda and Burundi. Agro-pastoralists are 

sedentarised communities, which have home bases where they practice crop 

and livestock farming (Jahnke, 1983). The livestock are usually grazed in 

different areas at different times. This category includes the Boranas of 

northern Kenya (Hogg, 1980), the Karamajong of north western Uganda and 

the Datoga of Northern Tanzania (Sieff, 1999).

2.2 General constraints to livestock production in ASAL

Livestock production in the ASAL is constrained by several factors. 

The main ones are poor animal nutrition caused by poor quality and quantity 

of forage (Wandera et a!., 1997a) and shortage of water (Beede, 1991). Poor 

animal nutrition not only limits yield of meat and milk, but also increases the 

animal’s susceptibility to diseases (Coppock, 1994). Leguminous trees and 

browse contribute significantly to the diet of livestock and accounts for over 50 

percent of the total biomass and up to 40 percent of the available forage. 

However, the utility of browse is limited by anti-nutritive factors such as 

tannins, rectins and other chemicals (Teferedegne, 2000).

Traditionally, pastoralists designate grazing sites located close to the 

homestead as a coping strategy for seasonal feed shortages (Ndikumana et 

a/., 2000). During drought, pastoralists split herds into core and satellite herds. 

The core herd consists of the breeding stock, young animals and the old ones
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and is allowed to graze around the homestead. The satellite herd consists of 

males and dry females and is usually trekked to the emergency grazing sites 

located far away from the homestead.

Minerals play a very important role in the early development and 

subsequent growth of young animals. In in the adult animals, trace elements 

are important for maintenance of body functions such as reproduction 

(Schillhorn van Veen and Loeffler, 1990). Due to the fairly extensive grazing 

areas they cover, livestock are exposed to various types of soils, pastures and 

forages resulting in seasonal imbalance in mineral contents in the blood 

(Kabaija, 1989). The most common mineral deficiencies are selenium, 

phosphorus, magnesium, copper and manganese (Schillhorn van Veen and 

Loeffler, 1990).

Animal diseases are a big challenge for livestock improvement 

programs in the PPS (de Leeuw et al., 1991). Nomadic pastoralism involves 

the seasonal movement of people and their livestock to other areas in search 

of water and pasture, and in areas where there are invariably no veterinary 

services (MacPherson, 1995). Prevalent diseases go unrecorded and there 

are rarely any attempts made at disease diagnosis and control. Frequent 

movement of animals prevents the build-up of free-living parasites such as 

helminths. However, such movements may increase the chances of 

contracting vector-borne diseases such as ECF and Trypanosomosis whose 

prevalence is dependent on the availability of a suitable habitat and host 

(MacPherson, 1994).

Except for Rinderpest which has been ‘’successfully controlled” 

through regular annual vaccinations (Rossiter and Wamwayi, 1989), other
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endemic diseases such as foot and mouth disease disease (Hunter, 1998), 

contagious bovine pleuro-pneumonia (CBPP) (Faye et al., 1997), black 

quarter and anthrax (Coulibaly and Yameogo, 2000) continue to cause 

severe economic losses through morbidity and mortality. Vector borne 

diseases such as trypanosomosis (Kristjanson et al., 1999) and tick-borne 

diseases (Deem et al., 1993) and helminths (Abdalla, 1989) are also major 

cause of loss of production.

Some of the drugs that were previously successful in treatment and 

control of diseases are no longer effective because of acquired drug 

resistance by the parasites (Clausen et al., 1992; Eisler et al., 2001; 

Rowlands et al., 2001; Atanasio et al., 2002). Furthermore, animal health 

delivery systems are weak due to a reduction in funds for extension and 

research by the national governments (Mlangwa and Kisauzi, 1994; Hubl et 

al., 1998; Catley and Leyland, 2001). Consequently, pastoralists are forced to 

rely on traditional methods of disease treatment and control (Alawa et al., 

2002; Giday et al., 2003). Currently, national governments are promoting 

privatisation of aspects of animal health delivery services, especially curative 

services ( Hubl et al., 1998; Turkson, 2001; Huttner et al., 2001; Curran and 

MacLehose, 2002; Martin and MacLehose, 2002). One of the approach has 

been the facilitation of community-based personnel and organizations so that 

they are able to provide better and affordable alternatives to poorly functioning 

public veterinary delivery systems (Ahmed, 2002).

Infrastructure development is very poor in ASAL and pastoral people 

do not have adequate access to social amenities. For example, infrastructure 

for livestock marketing is inadequate and pastoralists have to trek long
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distances to dispose their animals causing loss of live body weight and hence 

lower market prices for the pastoralists and impoverishment (Jahnke, 1983).

The ASAL have been experiencing a rapid increase in human 

population caused by increased birth rates and survivability, coupled with 

emigration of people from the highly populated high potential areas to 

marginal areas in search of land for cultivation. As a result, the traditional 

highlands and swampy grazing areas, which were reserved for the dry 

season, have diminished, causing concentration of animals on already 

degraded lowland areas. The latter, coupled with uncontrolled grazing around 

watering points and near villages, and the cutting down of trees for fuel, also 

caused further degradation (Oba and Lusigi, 1987). The frequency of inter- 

and intra-ethnic conflicts has also increased due to high competition between 

land use systems such as livestock and crop production (Hendrickson et al., 

1998). These conflicts affect the adaptive strategies and livelihoods of the 

pastoral communities living in the ASAL.

2.3 Past Livestock Improvement programs in Pastoral systems of Africa

In the past, several livestock improvement programs were initiated in 

pastoral systems but the achievements were far below the stated objectives 

(Waters-Bayer and Water, 1994). The primary cause of failure was lack of 

adequate understanding of the relationship between the biological, 

economical and social components of pastoral production systems. The 

majority were broad and general characterization studies where diseases and 

other factors influencing livestock productivity were assessed within the 

overall production system (de Leeuw et al., 1995). Such studies included
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baseline surveys that were carried out by the International Livestock Centre 

for Africa (ILCA) in a wide range of livestock production systems (Jahnke,

1983) and the Integrated Project on Arid Lands in northern Kenya (Lusigi, 

1983).

Environmental and pathological factors affecting the morbidity and 

mortality of cattle, sheep and goats in traditional livestock production systems 

in central Mali were investigated, respectively (Traore and Wilson, 1988). Pre

weaning death rates were 10, 28 and 35 percent in the three species. Adult 

mortality was about 5 percent per year in cattle and 12-13 percent per year in 

sheep and goats. Management system, season and year were environmental 

variables that had significant effects on mortality rate. In cattle, the overall 

morbidity caused by malnutrition and mange were 26.3 percent and 25.5 

percent, respectively while cause-specific mortality caused by malnutrition 

was 10.4 percent.

The effect of a community-based animal health service (CBAHS) 

program on livestock mortality, off-take and husbandry measures were 

compared between full users, part-users and non-users of the program in a 

semi arid area in northern Malawi (Huttner et a!., 2001). The results showed 

that full users of the programme owned larger herds of ruminants compared to 

part-users and non-users. For non-users, mean monthly mortalities in calves 

were twice as high (3.2 percent) compared to user farms (1.4 percent) but the 

difference was not significant. Full users of the CBAHS programme applied 

some improved livestock management measures more often than either of
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the other groups. The results showed that usage of CBAHS by the 

smallholder farmers in northern Malawi resulted in reduced mortality and 

improved livestock production.

In Kenya, several programs were conducted and these have provided 

baseline information on livestock production and health in pastoral systems. 

They include the Integrated Project on Arid Lands among the nomadic 

Rendille people of northern Kenya (Lusigi, 1986) and the Turkana Resource 

Evaluation Monitoring Unit among the Turkana of north western Kenya 

(Njanja, 1991). In Kajiado District, the Livestock Development Project which 

was funded by UNDP/FAO, was initiated in the early 1960 (Pasha, 1986). 

Under the project, the GoK introduced the concept of communal ranches with 

the aim of creating a sustainable market oriented economy for the pastoral 

communities. In addition, it was supposed to stop environmental degradation 

caused by overstocking and overgrazing. Group ranches were supposed to 

promote optimum grazing and stocking rates by increasing off take rates 

thereby increasing the productivity of pastoral herds.

The Group Ranch Development model provided that each consisted 

of about 10,000 hectares supporting about 100 households with an average of 

96 heads of cattle, 76 sheep, and 191 goats and five donkeys per family 

(Oyaya, 1998). Although livestock management practices such as tick control 

and crossbreeding improved this was not sustainable due to poor 

management of resources and lack of finances (Were and Wanjara, 1986). 

More than 50 percent of the ranches have already been subdivided (Ole 

Katampoi et al., 1990; van and Seitah, 1990).
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2.4 Methods to collect calf health and production in pastoral systems

There are very few studies specifically designed to study calf health 

and production in pastoral systems of Africa (Black, 1984; Coppock, 1993; 

Coulibaly and Nialibouly, 1998; Ganaba et al., 2002). Majority of the 

investigations have been conducted as part of broad studies on livestock 

production and health (Catley and Mohammed, 1996; Clements et al., 2002; 

Kariuki, 1996; Sollod and Stem, 1991). Several of such studies have been 

conducted under controlled conditions on institutional farms and on 

commercial ranches (Gregory et al., 1984; Trail et al., 1984; Ahunu et al., 

1993; Das et al., 1999) thus making it difficult to infer them on extensive 

grazing systems. Generally, calf mortality was a major cause of low 

productivity in pastoral production systems (de Leeuw et al., 1991). The calf 

was considered at great risk of death soon after birth and this risk decreased 

with increasing age of the calf. Mortality rates of 60 percent have been 

recorded (Bekure et al., 1991) while calves that survived had slow growth 

rates (Wilson, 1987).

In majority of the studies on livestock health and production in PPS, the 

methods used to collect data involved the use of secondary sources such as 

veterinary records and slaughterhouses (ILCA, 1990). There are very few 

studies that have used primary sources of data such as farmer interviews, 

through use of semi-structured questionnaire, cross-sectional and 

longitudinal designs. Furthermore, there were wide variations in the methods 

used in the selection of study herds and sampling units. Besides, there are 

inconsistencies in the measurements, definitions and reporting of production
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parameters thus, making between-study comparison difficult (Clements et a/., 

2002).

The poor impact of many projects has been attributed to a poor 

understanding by project planners of the aims of the pastoralists, the 

functioning and productivity of pastoral production systems relative to the 

environment, and the economies of extensive animal husbandry (Waters- 

Bayer and Water, 1994). The search for cost-effective ways of involving 

communities in rural development has led to the development of Participatory 

Rural Appraisal (PRA) methods which comprise a wide range of methods of 

data collection, learning and facilitation, that enable local people to play an 

active role in defining, analysing and solving their problems (Catley and 

Leyland, 2001).

The use of PRA methods to identify constraints to livestock health and 

production in have recently been reviewed ( Chambers, 1994; Cornwall and 

Jewkes, 1995; Catley, 2000). Conventional veterinary-investigation methods 

and PRA were used concurrently to characterise a chronic wasting disease 

and identify linkages between indigenous knowledge and modern veterinary 

knowledge in southern Sudan (Catley et a!., 2001). The local communities 

were able to characterise a chronic wasting disease syndrome that 

encompassed fascioliasis, trypanosomosis, parasitic gastroenteritis and 

schistosomosis (as both single and mixed infections). Comparison of matrix

scoring results showed much overlap with modern veterinary descriptions of 

cattle diseases and the results of conventional veterinary investigation. 

Elsewhere, conventional and participatory methods of sampling were used 

separately to establish socio-economic well-being ranks of communities in
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one district of Tanzania (Temu and Doe, 2000). When the results were 

compared, the well-being ranks established using PRA tools were valid and 

the approach was found to be reliable.

Cross-sectional studies are commonly used to investigate the 

prevalence and the risk or explanatory factors associated with the presence or 

absence of a disease ( Martin et al., 1987; Dohoo et a!., 2003) . An example 

of such a study was designed to investigate the prevalence of bovine 

brucellosis and contagious bovine pleuropneumonia (CBPP) in Kongor Rural 

Council, Southern Sudan and to assess associations between the presence of 

antibodies for these diseases with age, sex and breed (McDermott et al., 

1987a). The detection of Brucella antibodies using the Rose-Bengal plate test 

was significantly associated with increasing age. Although no linear 

association between age and CBPP complement fixation tests results were 

found, cattle of 2-4 years of age appeared to be at higher risk. A follow up 

investigation on the association between clinical findings, calving rate and 

brucellosis serological diagnosis revealed that both abortions and hygromas 

were significantly associated with the disease (McDermott et al., 1987b).

Cross-sectional studies cannot provide estimates of incidence rates 

because they are normally once-off surveys (Martin et al., 1994). However, 

they are relatively cheap to conduct (compared to prospective studies) except 

where laboratory analysis for confirmatory diagnosis is required. For some 

diseases such as foot rot and ringworm, clinical signs are obvious and 

therefore collection of laboratory samples is not necessary, while for others 

such as theileriosis whose clinical syndrome may be confused with other
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diseases, laboratory samples would have to be collected to confirm the 

prevalence of disease.

A very important consideration when selecting sample herds and or 

flocks is the sampling unit, which should be representative of the production 

system under study. A number of cross sectional studies have used 

administrative units as a basis for herd sampling (McDermott and Schukken, 

1994; Kadohira et al., 1997; McDermott et al, 1997). However, determinants 

of disease are usually associated with environmental factors, specific 

production systems and animal husbandry practices. Under such 

circumstances, it becomes necessary to distinguish producers based on 

production systems rather than based on administrative or political 

boundaries. Similarly, some determinants of diseases could be associated 

with system of production (extensive or intensive production), herd size and 

land tenure system (de Leeuw et al., 1995). Thus, appropriate stratification of 

the target population should be done. Once the boundaries of the production 

system have been identified, the sample size should be estimated, taking in 

consideration the labour resources and other logistics. In order to calculate 

the sample size required, there is a need to know the actual population size 

and expected proportions of animals affected by the disease under 

investigation. Unfortunately, information on actual livestock populations and 

disease prevalence are lacking for the pastoral systems and most studies 

have had to rely on estimates, which can be very inaccurate (GoK, 1988; 

Peeler and Omore, 1996).

Prospective observational (longitudinal) studies (also called cohort 

studies) have been used to identify the consequences of specific exposure
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factors. Such factors include any potential cause of disease measured on 

dichotomous scale (exposed or non-exposed), an ordinal scale (low, medium, 

or high dose), or a continuous scale such as tick counts (McCown, 2002) or 

faecal eggs per gram (absolute number) (Dohoo et al., 2003). These 

continuous studies usually include information-gathering techniques such as 

semi-structured questionnaires to record all the necessary data which not only 

improves the chances of correctly identifying the determinants of disease, but 

also ensures accurate recording of events as they occur (Martin et al., 1994). 

Sentinel herd studies fall into this category and involve following sample herds 

and or flocks for observation purposes (ILCA, 1990). An example is a study of 

mortality, morbidity and productivity of cattle on smallholder dairy farms that 

was conducted in Chiquita communal land, Zimbabwe. This was done to 

estimate the frequency and determinants of mortality in cattle (French et al., 

2001). The animal-level variables associated with mortality were age, sex and 

breed. Calf mortality was 35 percent within the first year of life.

Retrospective studies are different from prospective studies in that they 

rely on pre-recorded data from one or more secondary sources about the 

exposure and the outcome events, both of which must have occurred before 

the start of the study (Dohoo et al., 2003). They are useful in exploring 

associations between exposure factors and outcome variables of diseases 

whose outbreaks are rare (Martin et al., 1994). The results can then serve as 

a guide for the design of subsequent follow-up field studies. An example was 

a study carried out in Morogoro Region in the Eastern zone of Tanzania to 

investigate disease conditions that led to the condemnation of whole 

carcasses and organs in slaughtered animals (Kambarage et al., 1995). Such
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studies are relatively cheap to conduct compared to cross-sectional and 

prospective (observational) studies (ILCA, 1990). Another example is a 

retrospective case-study or survey (without controls) that was carried out at 

the Kenya Meat Commission (KMC) plant in Athi River to study the 

distribution of hydatidosis in Kenya (Wamae and Cheruiyot, 1985). The 

observed cases of hydatidosis were highest in animals that originated from 

Narok (60.7 percent) and Kajiado Districts while the lowest was in animals 

that originated from Machakos District (10.3 percent). The high rate of 

infection observed in cattle from Narok and Kajiado Districts was associated 

with the abundant presence of dogs, jackals, foxes and hyenas in the two 

districts.

2.5 Calf Health and Production in pastoral systems in Kajiado District

Kajiado is one of the ASAL districts of Kenya where the major 

economic activity is livestock production through semi-nomadic pastoralism 

(Ole Katampoi et a i, 1990). The predominant ethnic tribe are Maasai but it is 

estimated that approximately 30 percent of the population were other ethnic 

tribes such as Kikuyu and Kamba who had migrated from other parts of the 

country in search of arable land for crop cultivation (Little et a!., 1983).

Recent reports indicate that Kajiado District has had a rapid increase in 

human population (Table 2.1) while the actual numbers of key livestock 

species in the district has been on the decline thus creating a food deficit. 

Table 2.2 shows that except for camels whose population increased by 280 

percent between the years 1991 and 2001, cattle, sheep and goat population 

decreased by 55.9 percent, 45.2 percent and 48.7 percent, respectively,
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Table 2.1 Human population growth in Kajiado District, Kenya, 1969 -  1999

Year
Kajiado District Kenya

Population

Inter-census
growth

(percent)

Average annual 
Growth 
(percent)

Average 
annual growth 

(percent)
1969 85,093a - - -

1979 149,005a 75.1 5.76 3.8

1989 258,659a 73.6 5.67 3.4

1999 405,000 b 56.6 4.58 2.9a

Sources:a Kenya, Central Bureau of Statistics, Population Census 1969, 

1979, 1989

b Ministry of Finance and Planning, February, 2000. Results of the

1999 Population and Flousing Census.

Table 2.2 Changes in actual numbers of key livestock species in Kajiado 
District between 1991 and 2001______________________________________

Livestock species
Year Overall change 

(percent)1991 2001

Cattle 806,132a 355,339° 55.9C

Sheep 905,877a 496,426° 45.2°

Goats 847,968 a 435,305° 48.7°

Camels 2303 874° 280d

Source: a (GoK, 1998)

b (Mwangi, 2000) 

c Negative percent change

d Positive percent change
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during the same period (Table 2.2). This was possibly caused by the effects of 

the 1995-97 drought and 1997-98 El Nino rains (Ndikumana eta!., 2000) and 

the drought of 2000 (Mwangi, 2000).

While the productivity of herds depends on the reproductive 

performance of breeding females, mortality and growth rate of calves from 

birth to maturity, it is the number of calves born, their survival and growth 

that determines the viability of the herd (de Leeuw et al., 1991). Earlier 

studies (King et al., 1984), showed that the proportion of females in Maasai 

herds was 65-70 percent. Furthermore, the proportion of bulls in the herd 

declined with increasing herd size while the number of cows per bull 

increased as the wealth of the household increased. Large herds (151-300 

head) had the smallest proportion of breeding females (female weighing more 

than 200 kg) but the highest young female/cow ratio and one of the highest 

calf/cow ratio. The low calf/calf ratio in small (1-40 head) herds suggested a 

lower calving rate. Another reason for the low calf/cow ratio in small sized 

herds was possibly due to sale or exchange of young female stock for cash 

and / or marketable steers from the rich and medium wealth producers (King 

et al., 1984).

In their study, de Leeuw et al., (1991) reported that 95 percent of 

Maasai cattle were Small East African Zebu (SEAZ) while five percent were 

classified as mixed-breed (crosses of SEAZ with Boran and / or Sahiwal). 

Semenye (1987) reported that about 19 percent of calves were crosses of 

SEAZ and Sahiwal. The proportion of crossbred breeding bulls was higher in 

herds of poor and medium-wealth producers (23 percent) than in those of rich 

producers (15 percent).

19



The mean weights of cattle varied among and within classes (King et 

al., 1984). The mean weights of adult females were similar across herd sizes 

and ranches. The mean steer weight varied with and wealth status (an 

increase of 233+18 kg to 284+10 k from the poor to the wealthy producers). 

Calves were weaned at 100-120 kg body weight, which corresponded with an 

average age of 12-14 months. There were no differences in weight at weaning 

between ranches or wealth classes (King etal., 1984).

Maasai cows are allowed to graze together with the bulls throughout 

the year implying that mating and conception can take place any time of the 

year. However, although one would expect calving to be evenly distributed 

throughout the year, there were two calving peaks, one from September to 

November and another one from February to May (Bekure et al., 1991). This 

implied that there were two conceptions peaks that coincided with the two 

major rainfall seasons (December — January and April -  May). The average 

calving rate of cattle for three ranches in Kajiado District (Olkarkar, Merueshi 

and Mbirikani) was 58 percent (with a range of 56 to 61 percent) and was 

influenced by season of birth, length of lactation period and calving intervals 

(Semenye, 1987) Coppock (1994) also reported that season, which 

determined nutritional status of animals, had an effect on cattle breeding such 

that in the Boran region of Ethiopia, most calves were born during the long 

rains coinciding with optimal environmental and nutritional conditions for calf 

growth and recovery of the cows at the time of their greatest nutritional

demands.
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In the study by Bekure et al. (1991), Maasai calf raising practices were 

described. Calves were penned in well protected enclosures until they were 

one month old. Between 1-3 months, they were tethered in the shade and 

occasionally taken out to graze. During the dry season, women sometimes cut 

grass for calves. At 3-4 months old, calves were allowed to graze in the 

reserve grazing paddocks (olopololis), which had better quality herbage than 

the unprotected areas. Usually, the reserve grazing paddocks were located 

close to the homestead and along the pathway to the watering point so that 

the trekking distance was minimized. Calves from homesteads that were 

located in close proximity to the watering points were watered at an earlier 

age and were subsequently watered more frequently than calves from 

homesteads further from watering point. Calf suckling could continue even 

after milking had stopped while weaning was naturally done by the dam 

(Bekure et al., 1991).

Calf feeding among the Maasai pastoralists aims at avoiding losses 

rather than promoting fast growth (Bekure et al., 1991). Milk off take is 

carefully controlled to maintain a safe balance between the needs of the calf 

and human consumption. During the first 3-4 days of birth, the calf is allowed 

to suckle almost all of the dam’s milk. Thereafter, the dams are milked once 

per day for several weeks while calves are allowed to suckle during and 

immediately after milking, before being separated from their dams. Usually, 

women milked the two left teats leaving the two right teats for the calf to 

suckle. However, in times of need the woman may strip three teats.
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A study among the Boran pastoralists of Ethiopia (Coppock, 1994) 

where calf management practices are very similar to that of the Maasai 

pastoralists of Kenya showed that, calf survival had a marked effect on milk 

output of the dam. Indeed, dams whose calves survived had longer lactations 

(three times more) and produced more milk (three times as much) compared 

to dams whose calves died. (Coppock, 1994).

Generally, calf health and production in Kajiado District is below 

optimum due to poor animal husbandry practices, high morbidity and mortality 

caused by high prevalence and incidence of infectious diseases. This is 

further compounded by lack of adequate veterinary extension services and 

the deterioration of animal health delivery system (Hubl et al., 1998). 

Estimates of calf health and production indicators are generally lacking 

(Peeler and Omore, 1996). Traditionally, pastoralists do not allow 

enumeration of their animals and their migratory lifestyle does not allow 

accurate recording of livestock health and productivity (Wilson and Semenye, 

1983).

The indirect methods of estimating livestock population in pastoral 

systems relied on the use of returns from marketed output, sale of hides and 

skins which are not accurate, while direct methods such as low-level aerial 

surveys were used to enumerate livestock numbers (de Leeuw et al., 1995). 

However, these methods do not provide accurate information on herd 

recruitment (births, purchases) and attrition (sales, deaths). An accurate 

assessment of changes in herd structure and composition, growth rates, off
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take rates, production parameters for milk, meat, hides and skins production 

can be done using longitudinal studies.

Very few studies have estimated the growth of calves in Maasai 

pastoral systems. Semenye (1987) reported that the average body weights of 

Maasai pastoral calves at birth, one, two, three, four and seven months of age 

were 19.2, 28.4, 35.2, 41.4, 47.5, and 64.4 kg, respectively, and breed were 

consistent sources of variation in body weights for all ages. In the semi arid 

Trans Mara District, Maasai zebu calves that had been raised in an area that 

was endemic for theileriosis had a mean body weight of 17.5 kgs. at birth, and 

an average body weight of 53.4 kgs. at six months old (Moll et al., 1986). Low 

body weight gains were associated with sub-clinical T. mutans and acute T. 

parva infections.

High mortality in calves is a major cause of low productivity in Maasai 

pastoral systems. During drought, calf losses are much higher. Mortality rates 

of 60 percent are commonly recorded for calves less than one year old 

(Bekure et al., 1991). Generally, mortality increased when the calves were 

sent out to graze and were mainly due to theileriosis, malignant catarrh fever, 

helminthosis and malnutrition (de Leeuw et al., 1991). However, estimates of 

age-specific morbidity and mortality for these diseases are lacking.

A study on the use of veterinary drugs by Maasai pastoralists in an 

area where tsetse flies and trypanosomosis was endemic in Kajiado District 

revealed that pastoralists were forced by circumstances to use drugs without 

veterinary supervision (Roderick et al., 2000). The rate of drug usage varied 

between animal and year, thereby raising concerns with regard to the 

possibility of drug misuse and the development of drug resistance.
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2.6 Challenges and opportunities for improving calf health and 

production in PPS

Most traditional Pastoral Production Systems (PPS) of sub-Saharan 

Africa (SSA) are declining (Kimani and Pritchard, 1998) and their future 

survival depends on enhancing their capacity to satisfy the subsistence and 

income needs of pastoral communities. Indeed, the ability of pastoral 

households to subsist on their pastoral production has been on the decline 

and their traditional pastoral way of life is continuosly under threat due to 

increased human population and decreased livestock production (Campbell et 

a/., 2000; Hogg, 1980). Traditionally, supply of milk has been critical to the 

nutrition of the pastoralists. The pastoral population has been on the increase 

while pastoral herds numbers have been on the decline resulting in low milk 

production and an increase in malnutrition especially in children below five 

years (Blewett, 1995).

Generally, PPS suffer an acute shortage of infrastructure to improve 

accessibility to market and information. They also lack adequate policies and 

institutions (such as cooperative movements) that can reduce risk of 

investment, provide credit, and encourage private investment in livestock 

services (feeds, health, and breeding) and support livestock research and 

extension (Mutiso, 1995). The challenge of improving the livelihood of pastoral 

communities without causing further displacement calls for new and 

innovative development efforts through research. Indeed, any new 

interventions into PPS must integrate the indigenous knowledge pastoral
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strategy of managing natural resources. Thus, in order to avoid the repeat of 

past failures (Waters-Bayer and Water, 1994), research and development 

programs should focus on obtaining greater understanding of the coping 

mechanisms of the pastoral communities in order to determine ways of 

harnessing community responses and reinforcing them with appropriate 

measures for more efficient resource management. Projects that encourage 

community participation and mobilisation are most likely to result in sustained 

benefits for livestock keepers.

Water shortage is a major constraint in Kajiado District and a cause of 

mortality and slow growth rate in calves. Majority of Maasai calves are not 

given water until after three months (Personal observation). The situation 

becomes fatal if the calf has diarrhoea. The common practice is to withdraw 

all water from the calf (Personal observation). There are very few permanent 

water sources and the estimated distance to the nearest watering site (5-15 

km) is usually far for the calf (Bekure et al, 1991). A temporary solution could 

be to collect rainwater from roofs into big drums. However, this is a solution 

only during the rainy season and probably the roof areas for water collection 

are too small to obtain considerable amounts of water needed. However, for 

the calves this source of clean water during the time of confinement could be 

of major significance. A more permanent solution is to construct more 

boreholes and pumps. This is important not only to the health of cattle, but 

also to the health of people.

Feed shortage is a major constraint to improving livestock production in 

pastoral systems especially during the dry season. Feed supply and feed
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quality can be improved in various ways. Quality of pasture could be 

improved by introducing legumes, which also provide the rumen microbes 

with extra nitrogen thus making them more capable of degrading the dry 

plants (Teferedegne, 2000). However, in communal grazing pastures such as 

ranches, improvement of the pasture requires good organisation and 

cooperation of the farmers. Another option is to promote cultivation and 

storage of forage in form of hay. However, production of hay will require extra 

labour for cutting, drying, transporting and storing. Hence, labour could very 

well be a limiting factor for the success of hay production. One way to address 

this problem is to ensure that the time for hay harvesting does not coincide 

with the period when labour is readily available such scholl holidays. 

Necessarily, hay making from the communal grazing land would require 

improvement of pasture and animals would have to be kept out of the areas 

until after hay-making is finished.

The leaves and fruits from bushes and trees are important feed 

resources, especially in the dry season (Wandera et al., 1997c). When trees 

drop their leaves on the ground, cattle pick them even when the leaves are 

partially decomposed. Investigations are needed to determine the preferred 

species and their nutritive values and if these could be cultivated. In addition, 

tree and bush residues are low cost supplements and have other advantages 

including provision of fuel wood, shade for people and animals and, in some 

cases, they provide edible fruits such as Balanites aecjyptica and Acacia 

tortilis. They also help to control erosion, which is important since semi-arid 

areas are also vulnerable to soil erosion.
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Some pastoralists grow some cereals such as maize and sorghum. 

Therefore, crop by-products especially maize stovers are available at certain 

times of the year and can be used as animal feed, albeit their low nutritive 

value (Coppock, 1994). Their bulky nature is a constraint to feed intake and 

prevents the animal from consuming sufficient amounts to meet daily energy 

requirements (Teferedegne, 200). However, maize stovers can be utilised 

more efficiently by offering them to animals along with urea-molasses blocks. 

Urea-molasses blocks are relatively cheap and can be obtained from many 

commercial shops.

The ASAL cut across international borders and international 

cooperation is required for successful efforts aimed at improving livestock 

production including development of early warning capabilities and 

appropriate mitigation strategies. Such networking has so far been lacking. 

Recent studies have indicated the usefulness of Near-Infrared Reflectance 

Spectroscopy (NIRS) as a tool for nutritional profiling of forage intake by free- 

ranging ruminants (Stuth, et a!., 2002) This method has potential for utilisation 

in research and management, and for use in remote regions characteristic of 

arid and semi-arid areas. Near-Infrared Reflectance Spectroscopy can also be 

interfaced with geographical information systems (GIS) to create databases, 

and facilitate early warning capabilities and networking (Stuth et a!., 2002)

In many developing countries, public animal health services are 

characterized by inadequate budgets, poor infrastructure and insufficient staff 

(Hubl et a/., 1998). Although private veterinary practices do exist, they usually 

only benefit the more profitable medium-to-large commercial farmers rather 

than pastoral communities in the ASAL. Furthermore, the provision of animal
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health services in developing countries has for the past several years been 

undergoing changes as a direct result of the structural adjustment programs 

(SAP) being implemented by national governments (Catley and Leyland,

2001) . A major focus of SAP has been the transfer of the delivery of animal 

health services from national governments to private or partially government 

funded community animal health workers (CAHW). The objective is to 

increase farmer’s accessibility to services while reducing the financial burden 

on governments. This then frees limited government’s resources, which can 

be redirected to the delivery of vital public services such as disease 

surveillance, control of livestock movement, research and quality control of 

veterinary drugs (Hubl etal., 1998).

The majority of epidemic diseases can be controlled through the 

vaccines that are now available (Rossiterl and James, 1989; Aiwa et al.,

2002) . However, endemic diseases continue to cause severe economic 

losses through morbidity and mortality. The latter include the infections 

caused by vector-borne haemoparasites and helminthosis (Lessard et al., 

1988; Lessard et al., 1990; Deem et al., 1993; Maloo et al., 2001). Most of 

chemotherapeutic agents and vaccines that were previously successful in 

controlling these diseases, are no longer effective because of acquired 

resistance and/or insufficient delivery services (Mlangwa and Kisauzi, 1994; 

Hubl et al., 1998; Catley and Leyland, 2001). Appropriate alternative drugs, 

vaccines and options of their delivery systems are often lacking. The situation 

is further compounded by removal of subsidies resulting from the privatisation 

of veterinary services. Compared to the high potential areas where rainfall 

distribution is high and livestock farming is more intensive, there are very few
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private firms offering veterinary extension services in pastoral systems. The 

few private firms available are currently located in the urban areas.

The prevalence and incidence of infectious diseases of calves are 

influenced by individual animal factors (such as age, sex, and immune status), 

animal husbandry practices and environmental factors (McDermott and 

Schukken, 1994). Geographic information systems (GIS) have been used to 

describe the distribution of a vector-borne diseases on an environmental basis 

(Lessard et a/., 1988; Lessard et al., 1990). However, environmental factors 

may not be the sole determinants of the occurrence of a vector-borne 

disease. For example, interaction between environment and farm factors has 

been found to be associated with tick-borne diseases (Deem et al., 1993; 

Gitau, 2000). Furthermore, in areas of high tick challenge all animals were 

infected regardless of farm management, whereas, in areas that were 

marginal for tick survival and low tick challenge farm infection rates appeared 

to be related to farm management (Lessard et al., 1990; Michel et al., 2002). 

Thus, under such circumstances, information on both the level of tick 

challenge and farm management practices is required for planning disease 

control programs.

In the semi arid areas where nomadic pastoralism is practiced, 

helminth parasite eggs and larvae are less likely to survive in the environment 

due to the high temperatures. However, an increase in cattle movements, for 

example to watering places, increases the chances of transmitting the 

parasites to the calves (McPherson, 1995). Threfore, applying certain herd 

management factors such as movement control, optimal grazing patterns, and
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strategic anthelmintic treatment could reasonably control the incidence of 

helminthosis (McPherson, 1995

Individual animal characteristics such as breed, age and sex also 

influence the prevalence of infectious diseases. For example, exotic breeds 

are more susceptible to tick-borne diseases and trypanosomosis than zebu 

cattle (Norval et a!., 1992). For both anaplasmosis and babesiosis, there is 

reverse age immunity where calves are more resistant to the diseases than 

adult cattle (Young and Morzaria, 1986; Young, 1987). Differences in antibody 

prevalence for B. bigemina between sexes have been reported (Karimi et a!., 

2003) and were possibly due to differences in management of female and 

male calves such as more milk.

Opportunities exist for exploiting recent advances in epidemiology and 

systems analysis thus making it possible to better understand and describe 

the spatial and temporal distribution of diseases affecting livestock in 

extensive pastoral production systems. One approach is to develop 

geographical information systems (GIS) that integrate available information on 

the distribution of vectors and impact of livestock diseases, agro-ecological 

and socio-economic factors that influence the distribution of diseases in 

pastoral production systems (Lessard et a!., 1988). The four indicators that 

have been used to define the epidemiological state of infectious diseases, 

such as tick-borne diseases, are antibody prevalence, disease incidence, age 

ranchesof clinically affected animals and case-fatality rate (Norval et al., 

1992). While antibody prevalence can be estimated from cross-sectional 

studies, the other indicators can only be reliably estimated in a longitudinal 

study. Such information systems will improve the setting of research priorities,
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in selected species, diseases and they will serve as a basis for cost-benefit 

analysis of control interventions. Further refinement of such information 

system could be done using improved epidemiological tools and models 

based on case studies specific to pastoral production systems.

Integrated control of economically important diseases by better use of 

new and existing technologies such as vaccines will reduce calf morbidity and 

mortality thereby increasing animal production and income of resource-poor 

livestock keepers in PPS. Opportunities exist to either improve or repackage 

chemotherapeutic agents and live vaccines for effective delivery in pastoral 

production systems. This could be achieved by improving the shelf-life of 

existing vaccines while at the same time reducing the number of doses in a 

single batch to cater for smaller herd sizes which are becoming increasingly 

common among pastoral communities.

It is now recognised that pastoralists have a wide knowledge of 

diseases that afflict their livestock and they practice traditional methods of 

disease treatment and control (Cornwall, 1995; Catley, 2000). Current 

emphasis on use of participatory analytical tools and the involvement of 

pastoral communities in identifying and analysing constraints influencing 

livestock production aims at documenting and validating pastoralist s 

knowledge on causes of poor health and production in livestock (Alawa et a/., 

2002). Some of the traditional methods of treatments involve use of plant 

parts (Lans and Brown, 1998). This could form a good basis for identification 

of medicinal plants for commercial exploitation and opportunities for improving 

calf health.
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Selective breeding within the existing population and some limited 

cross-breeding with exotic breeds could improve and conserve the genetic 

potential of indigenous animals in pastoral systems (Syrstad and Ruane, 

1998). Selection within the existing population has advantages because it 

ensures the development of animals which are able to adapt well to the 

existing disease risk, feeding and management systems (Gregory et al., 1984; 

Trail et al., 1984). In Kajiado District, crossbreeding of indigenous animals 

with exotic animals has been haphazard without a clear breeding policy and 

record keeping (Were and Wanjala, 1986). Therefore, it is not possible to 

evaluate how much improvement or erosion of indigenous genetic material 

has been achieved in the district. Generality, hardly any selection has until 

now taken place within local populations in the tropics, but there should be 

good prospects for improving the production potentials of tropical breeds by 

selection within local animal populations (Syrstad, 1998). By selecting for 

better production traits within the existing population the development of 

better performing animals will happen gradually, which means the farmers will 

have time to adjust to animals which will require better management, 

especially better feeding practices. Moreover, indigenous animals especially 

cattle, are multi-purpose and any improvement of cattle breeds must bear this 

in mind. The resultant of these actions would lead to improvement of calf 

health and production in PPS.

Improved calf husbandry such as clean calf pens will have a positive 

effect on calf health and production. Often the rains turn the pens into pools of 

mud and manure. This can be the cause of many infectious and spread of 

disease (Pedersen and Madsen, 1998). A roof, either metallic or made of
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straw could decrease the amount of water within the pen while providing 

shade. Pens are rarely moved in sedentary Maasai pastoral communities and 

manure is allowed to accumulate. Thus, the pens must be considered as 

constantly infected with parasites.

In Maasai pastoral herds, calves are weaned naturally by the dams at 

around the age of one year (de Leeuw et at., 1991). There is a need to 

investigate the effects of early weaning on calf growth, milk production and 

reproductive performance of the dam. Earlier weaning could lower pressure 

on the dam and re-gain lost weight quicker in addition to having calving 

intervals shortened. Early introduction of fodder to the calf would also 

enhance rumination thereby increasing the ability of the calf to fully utilise 

available fodder at the time of weaning. However, supplies of better quality 

fodder must also be secured. Early development of rumen activity can also be 

attained by supplementing the calf with concentrates. A concentrate feed is a 

parasite-free fodder and would be good for the young calf because it does 

not yet possess any immunity against parasites. It is envisaged that 

supplementation would also hasten growth of female calves, which will then 

reach sexual maturity early, thus lowering the age of first calving. However, 

the cost and benefits of such a feeding system need to be evaluated.

2.7 Objectives of the study

The rapid development changes that have taken place in Kajiado 

District in the recent past have presented new challenges and opportunities 

for improving livestock production in the district. For example, the increase in 

human population and the decline in actual numbers of key livestock species
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have resulted in food insecurity forcing the pastoral communities to rely 

mainly on relief food. Livestock production and especially cattle remains the 

main source of livelihood for the majority of households. Survival of calves is 

very important for replacement of herds. However, calf morbidity and mortality 

in Maasai pastoral systems are generally higher than what has been reported 

in other production systems (Bekure et a!., 1991; Gitau et a!., 1994; Gitau et 

a!., 1999). This study aims at analysing the factors that affect calf health and 

production of calves in pastoral systems. The information will be useful in 

formulating appropriate management practices and disease control programs 

for increasing calf production in pastoral areas.
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CHAPTER THREE

GENERAL MATERIALS AND METHODS

The study was conducted in Kajiado District among the Maasai 

pastoralists. The district is located at the southern tip of Rift Valley Province of 

Kenya and lies between longitudes 36° 5’ and 37° 55’ East and between 

latitude 1° 10’ and 3° 10’ South (Ole Katampoi et al.,1990). The district covers 

an area of 21,105 km2 and is divided into seven administrative divisions, 

namely, Ngong, Isinya, Mashuru, Namanga, Loitokitok, Magadi and Central. 

The district borders the following districts: Machakos to the east, Nakuru, 

Kiambu and Nairobi to the north, Narok to the west, Taita Taveta to the 

southeast, and the Republic of Tanzania to the south (Figure 3.1).

The climate of Kajiado District is highly influenced by altitude (Ole 

Katampoi et al., 1990). The district has a bimodal pattern of rainfall distribution. 

The short rains fall between October and December, while the long rains fall 

between March and May. Loitokitok, which has a high elevation, receives the 

highest average annual rainfall of 1,250 millimetres while Magadi and 

Amboseli with the lowest elevation, have the lowest average annual rainfall of 

500 mm. Relatively heavy rains also occur around Ngong Hills, Chyulu Hills 

and Ngurumani Escarpments. Similarly, the mean daily temperatures also 

vary with the altitude and season (Ole Katampoi et al., 1990). The daily mean 

maximum and minimum temperatures are 34° and 22 C, respectively. 

Highest temperaturesoccur around Lake Magadi, while the lowest have been 

recorded temperature at Loitokitok and Ngong Hills. The coldest months are 

July and August, while the hottest months are from November to April.
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Figure 3.1 Map of Kenya showing the location of Kajiado District
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Based on average annual rainfall (r):average annual evaporation (Eo) 

ratio, Kajiado District has been divided into five agro-climatic zones (ACZ): II 

to VI (Pratt and Gwynn, 1977) (Figure 3.2). Most of the district falls in ACZs V 

(55 percent) and VI (37 percent) and is suitable for livestock production. Only 

8 percent of the district fall within ACZs II, III and IV suitable cropping. The 

latter includes areas around Ngong Hills, Sultan Hamud, and the foothills of 

Mt. Kilimanjaro (Jaetzold and Schmidt, 1983).

Livestock products, particularly milk and meat, play a major role in the 

food security of the district (Bekure et ai, 1991). The main species of livestock 

are cattle, sheep and goats. Maasai zebu cattle and the dual purpose breeds of 

Sahiwal, Borans and their crossbreeds with Maasai zebu (KARI, 2003). In 

majority of the farms, adult cattle are released to graze extensively either on 

individually or communally owned pastures the latter having communal watering 

points. Calves are allowed to graze around the homestead, usually in reserve 

grazing paddocks until such a time when they can go out to graze with the adult 

cattle. In the high agro-potential areas of Ngong and Loitokitok, some dairy 

farming is practiced, usually under zero grazing.

The study was conducted in three phases in Kajiado District. Phase 

one was a Rapid Rural Appraisal (RRA) survey that was conducted between 

August and September 1999 to investigate the perceptions of the pastoral 

community towards: 1) the general constraints that hinder improvement of calf 

health and production; 2) the causes, coping strategies and opportunities for 

specific diseases causing calf morbidit, mortality and slow growth. The results 

of the RRA survey were used to guide the design of a cross-sectional study 

(Phase Two), conducted between December 1999 and January 2000, one, to
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Figure 3.2 Map of Kajiado District showing Agro-Climatic Zones (ACZs)
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characterize cattle production systems in the district and two, to estimate the 

prevalence of serum antibodies for the major diseases listed by pastoralists 

listed during the RRA and to identify the risk factors associated with the 

prevalence.

The results of the cross-sectional study were then used to design a 

longitudinal (observational) study (phase three) that was conducted in a subset 

of ranches between November 2000 and January 2001. The objectives of the 

longitudinal study were: 1) to estimate and identify risk factors associated with 

the incidence of morbidity and mortality caused by the diseases that were 

investigated during the cross-sectional study. Secondly, the longitudinal study 

was used to estimate calf survivability and growth rate and to identify factors 

affecting these parameters. Details of the design of each phase and the types of 

data collected are described below while methods of data analysis, results and 

discussions are described in Chapters four, five, six and seven.

3.1 DESIGN OF THE STUDY

3.1.1 Collection of secondary and primary data

Secondary data were obtained through visits to institutional libraries 

and relevant departments at Kajiado District headquarters. Discussions were 

held with relevant departmental extension officers to explain the purpose of 

the study and to obtain some general information on factors affecting livestock 

production in the district. Verification of information was done by perusing 

monthly reports, project documents and development reports. The information 

collected was summarized in tables. Information collected included land 

tenure and farming enterprises, resource endowment, proximity to game
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parks, household types and composition, key livestock species and their uses, 

production constraints and accessibility to services and livestock markets.

Primary data were obtained in three phases: Rapid Rural Appraisal 

(RRA) survey, cross-sectional survey and longitudinal observational study. 

The design of each phase is described below.

3.1.2 Phase one — Rapid Rural Appraisal

3.1.2.1 Selection of study sites

The three major ACZs in the district, IV, V and VI, comprising the main 

areas where nomadic cattle production is practiced by the Maasai pastoralists 

were purposively selected for the study. Most of Kajiado District falls in ACZ 

IV,V and VI (Table 3.1) and these were have been shown to affect disease 

prevalence (Deem et al., 1993). Majority of the Maasai pastoralists were either 

practicing communal grazing on unsubdivided ranches or were grazing their 

cattle on individual land following subdivision of the ranches. A list of 

unsubdivided and subdivided ranches was prepared for each of the selected 

ACZ. This was followed by a stratified random sampling of two ranches per 

ACZ ( one subdivided and one unsubdivided), using random numbers (Table

3.1 and Figure 3.3).

For each of the study es, a RRA was conducted on different dates. First, 

preliminary visits were made to the divisional headquarters one week prior to the 

start of the actual RRA survey. During the visits meetings were held with local 

provincial administration and staff of the Ministry of Agriculture and Livestock 

Development in order to explain the purpose, procedures of the RRA and to set 

convenient dates for the survey.
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Table 3.1 Distribution of ranches and households by ACZ sampled d 
Appraisal Survey and the Cross-sectional study in Kajiado District

ranches

Subdivided

ACZ
Name of es Total no. of 

household 
s

No. of 
households 

sampled

Name of es

IV Olosho
Oiborr

83 11 Shompole

V Olodonyo
Orok

484 7 Emarti

VI Nentanai 57 9 Kuku‘B’
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NAKURU

Figure 3.3 Distribution of individual ranches and ranches in Kajiado District 
(Shaded areas show ranches that were sampled).
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The following venues were selected for the RRA exercise: Simba Maasai Outreach 

Organisation (SIMOO) offices in Olosho Oiborr, Parkase settlement scheme in 

Shompole, Community water tank in Olodonyo Orok, Oloibora Jijik primary school 

in Emarti, Ngatatek shopping centre in Nentanai and lltilal shopping centre in Kuku 

‘B’ ranches.

3.1.2.2 Selection of participants for the RRA

Participants of the RRA were randomly selected from a list of household 

heads for each ranches that was obtained from the Department of Land 

Adjudication at the district headquarters. Other participants that were co-opted into 

the focused discussant ranches included extension staff from relevant government 

departments and non-governmental organizations (NGOs), local provincial 

administration, ranches officials, leaders of women and churches.

3.1.2.3 Ranking of constraints, causes, coping strategies and seasonality

During the actual RRA, participants were guided through the exercise by 

use of a semi-structured questionnaire (Appendix 3.1). Participants were asked to 

list the general constraints to the improvement of livestock production, followed by 

listing of specific disease causing morbidity, mortality and slow growth rate of 

calves. Ranking of the constraints was done using pair-wise ranking method. 

Second, for each of the constraints, a list of the perceived causes or predisposing
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factors and coping strategies was also made. A seasonal calendar was also made 

(based on the diseases that were listed by the pastoralists) showing when various 

constraints occur. Further probing was done on selected disease in order to assess 

the pastoralists’ ability to relate various clinical signs to specific diseases.

3.1.3 Phase two -  Cross-sectional study

This phase of the study was conducted between November 1999 and 

January 2000. Agro-climatic, farm management and calf-level factors were 

important potential explanatory and risk factors affecting prevalence and 

incidence of diseases causing morbidity, mortality and slow growth rate of calves 

in Kajiado District. In deed, serum antibody prevalence for tick borne diseases 

have been shown to vary with ACZ (Deem et al., 1993), while farm management 

variables were major factors affecting mortality and growth performance of 

animals (Gitau et al. 1994; Gitau et at. 2000; Kadohira et al. 1997; McDermott et 

al. 1997). The farm variables that were investigated included grazing 

management, disease control practices, calf housing, calf nutrition (source of 

forage and feeding practices). The calf factors that were considered to be 

potentially and significantly associated with differences in prevalence and 

incidence of calf diseases were sex, age, breed, acquired and passive immunity.
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3.1.3.1 Selection of study area and households

The same ranches and households that had been selected for the RRA 

(Phase One) were used for the cross-sectional study (Table 3.1). Relatively few 

households within ranches were selected because the average prevalence and 

incidence of calf diseases by site and farm were expected to be relatively constant 

due to similar exposure variables such as grazing management, watering and 

housing practices within sites resulting in uniform exposure to diseases causing 

agents.

3.1.3.2 Selection of study animals

For each of the households selected all calves that were less than 13 

months old at the time of survey were identified for sampling. In order to estimate 

the sample size, the formula, n=4PQ/L2 (Martin et a/., 1994), was used based on 

the assumption that the prevalence for major diseases listed in phase one was 50% 

(plus 10% allowable error). A sample size of 100 calves per site was obtained and 

was also considered the practical minimum. A total of 729 calves were identified 

and sampled for seroprevalence of tick borne diseases that were ranked highest by 

the pastoralists in phase one.

3.1.4 Phase three -  Longitudinal observational study

This phase of the study was from November 2000 and February 2002, 

nine months after the cross-sectional study. The cause of the delay was a
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prolonged drought in the year 2000 which forced some of the households that 

were engaged in the study to relocate to other areas. The objectives of this 

phase of the study were to estimate the incidence of morbidity and mortality 

caused by tick borne diseases identified in phase one, and to investigate the 

factors that affect their epidemiological status.

3.1.4.1 Selection of study area

Two out of the original six ranches used in Phases one and two) were 

purposively selected for the study. The two ranches had contrasting ACZ and 

had the highest prevalence of East Coast Fever (ECF) from the cross-sectional 

study. Thus, Olosho Oiborr ranch (ACZ 4) in Ngong Division (mean serum 

antibody prevalence of ECF=71 percent) and Nentanai ranch (ACZ 6) in 

Namanga District (mean serum antibody prevalence=60 percent) were selected 

for this study.

3.1.4.2 Selection of households and herds

The same household herds that were used during the cross-sectional 

study were sampled in Nentanai ranch. In Olosho Oiborr, three out of the eleven 

household herds that were sampled during the cross-sectional survey did not 

have calves due to high mortalities experienced during the year 2000 drought. 

Therefore, a simple random procedure was used to select other households to 

obtain the targeted minimum number of 100 calves per required at the start of
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the study. The sample size of 100 calves per ranch was considered a 

reasonable sample size for statistical analysis and logistic considerations.

3.2 Sampling procedure and general laboratory tests

3.2.1 Collection of blood and serum preparation

Ten mis of blood were drawn from each calf by jugular venopuncture 

method into plain capillary tubes. The blood samples were stored in a box 

containing ice packs until they could be separated by centrifugation, usually 2-6 

hours later. The sera separated by centrifugation at 3000 g for 10 minutes. The 

sera were each divided into three aliquots of 0.5 ml and stored in dry ice (solid 

CO2) at approximately -70°C and transported to the International Livestock 

Research Institute (ILRI) laboratories in Nairobi where they were stored in 

freezers at -  20° C, until the time for antibody assays.

3.2.2 ELISA for antibody detection

The ELISA test was used for the detection of serum antibodies for 

Theileria parva, T. mutans, Anaplasma margin ale and Babesia bigemina 

(Katende et a l, 1990; Tebele, 1996; Katende et ai, 1998) . Polysorb micro- 

ELISA plates (polysorb, Nunc, Denmark) were coated with recombinant antigens 

at a concentration of 50ng/well and frozen. The specific recombinant antigens 

used were; T. parva, p85 or the polymorphic immunodominant antigen 

(specificity of 96 percent and sensitivity greater than 99 percent); T. mutans, p32 

kilo Dalton antigen (overall specificity and sensitivity, unpublished), A.
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marganale, major surface protein five (MSP-5) (overall specificity and sensitivity, 

unpublished) and B. bigemina, p200 kilo Dalton antigen (overall specificity = 97.5 

percent and sensitivity = 96 percent). Excess antigen solution was discarded and 

the uncoated sites on wells of the microlitre plate and the non-specific sites on 

the antigen were blocked by adding 0.25 percent casein and incubating at 37°C 

for two hours. Test sera, diluted at 1:200 (7. parva) and 1:100 (7. mutans and B. 

bigemina) in Dulbeco’s phosphate buffered saline (DPBS) pH 7.4, containing 0.1 

percent tween 20 and 5 percent skimmed milk, were added to the wells of the 

micro-ELISA plate in two replicates (100 microlitres per well). Control sera 

(strong positive, weak positive and negative control) were diluted as for the test 

sera. These, together with the conjugate control (DPBS alone), were added to 

the plate in four replicates. The antibodies were allowed to bind to the antigen by 

incubating the plate for 25 minutes at room temperature with continuous gentle 

agitation on a micro-agitator (Heidolph, France). The unbound antibodies were 

then removed by washing the plate extensively with DPBS.

To each well, 100 pi anti-bovine IgG horse radish peroxidase conjugate, 

diluted 1:5000 in DPBS containing 0.1 percent tween 20 and 2.5 percent 

skimmed milk, were added. The plate was incubated for 25 minutes at room 

temperature and washed as before. The reaction was developed by adding 100 

pi sodium citrate buffer pH 4.0 containing 1 percent hydrogen peroxide substrate 

and 40 pm 2,2-azino-bis (3-ethybenz-thiazoline-6-sulphuric acid), diamonium 

salt (ABTS) as chromogen and incubated for 1 hour in the dark. During 

incubation, the micro-ELISA plate was shaken for five minutes every 15 minutes
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to ensure maximum colour development. The optical density (OD) was 

determined in a Multiscan (MCC/340) spectrophotometer (Biological Diagnostic 

Supplies LTD., (BDSL), UK).

The OD readings from the reference strong-positive control serum were 

used to compute the percent positivity (PP) for the test sera (Wright et al., 1993). 

Percent positivity for test serum was expressed as follows: test serum OD 

divided by the mean OD from the strong positive control serum and expressed as 

percent (simply expressed: (OD of test/OD of strong positive) x 100). These were 

obtained from the linear curve of OD against the reciprocal of serial dilutions 

(Wright et al., 1993). All the results were expressed as percent positivity (PP). 

Percent positivity (PP) values were preferred to optical density readings because 

they were adjusted for variations associated with inconsistent background activity 

while performing the ELISA tests (Wright et al., 1993). Readings > 19 PP were 

considered positive for T. parva and T. mutans while readings >14 PP were 

considered positive for A. marginale and B. bigemina.

3.2.3 Estimation of packed cell volume and parasite counts

Whole blood was collected through jugular venopuncture in 5 ml 

heparinised test tubes. Blood was then drawn into two heparinised capillary 

tubes. One capillary tube was centrifuged at 12,000 g for 5 minutes using a 

microhaematocrit centrifuge. Packed cell volume (PCV) was then determined on 

a micro-haematocrit reader and recorded as a percentage of packed red blood 

cells to total volume of whole blood (Jain, 1986).
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Approximately 5pl of blood from the second heparinised capillary tube 

were used to prepare thin blood films for haemoparasite examination (Jain, 

1986). The thin blood smears were dried in air and fixed in methanol for 3 

minutes. They were then stained with 1/10 diluted Giemsa stain for 20 minutes. 

Excess stain was washed off with tap water and the slides allowed to dry. 

Microscopic examination for theileria piroplasms, A. marginale and B. bigemina 

parasites was done under oil immersion using x100 objective.

3.2.4 Tick counts and identification

Adult ticks were identified by species (Kaiser et a!., 1988) and counted on 

the whole body surface (including the face, ears, body, brisket, dewlap, 

perineum, scrotum, udder, tail, and limbs) (Mattioli eta!., 1998).

3.2.5 Faecal parasite egg counts

Faecal samples were obtained from the rectum of each calf more than 3 

months old and analyzed by the floatation technique (Hansen and Perry, 1990). 

For each calf, 3 gms of faeces were weighed and water added to make a 30 ml 

suspension. A vortex mixer was then used to homogenise the suspension. Ten 

mis of the homogenized solution were transferred into a plastic tube and 

centrifuged for 2 minutes at 1,200 g. The supernatant was discarded and the 

sediment resuspended in 10 ml of saturated salt (NaCI) solution (specific gravity 

1.2). The contents were then mixed by inverting several times. Using a Pasteur 

pipette, both chambers of a McMaster counting slide (Hawksley and Sons Ltd,
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UK) were filled with the suspension. Helminth eggs were identified by their 

morphological appearance and grouped as either strongyles or strongyloides. 

Other parasite eggs such as Monieza and Coccidia were recorded as present or 

absent. The number of eggs per gram (e.p.g.) was obtained by multiplying the 

total number of egg counts on both chambers by 50.
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CHAPTER FOUR

DESCRIPTION OF CATTLE PRODUCTION SYSTEMS, PASTORALISTS’ 

PERCEPTIONS OF CONSTRAINTS TO CALF HEALTH AND PRODUCTION IN 

KAJIADO DISTRICT, KENYA

4.1 INTRODUCTION

In Maasai pastoral systems, cattle production largely depends on animal 

management activities, availability and distribution of water and forage resources 

(de Leeuw et a i, 1991). Households are the basic units of Maasai pastoral 

system and, indeed, individual household decisions on livestock management 

activities and allocation of resources such as water, forage and labour reflect 

their production goals (Grandin, 1991). Herd/flock structure and composition are 

useful indicators of the goals and management practices operating at the 

household level and are influenced by climatic factors, wealth status and other 

development changes (King et a i, 1984).

The production strategy of the Maasai pastoralists aims at satisfying their 

subsistence needs with a relatively low level of market off take (de Leeuw et al.,

1984). For example, data from 5100 cattle sampled from 41 households in three 

ranches comprised of a high percentage of females while the proportion of 

mature steers was less than 5 percent (King et ai, 1984). This type of herd 

structure is characteristic of subsistence production with milk as a primary output 

and ensures that the herd has a high potential of recovery after drought.
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King et a i, (1984) reported an increase in the use of Sahiwal bulls that 

were introduced to upgrade the Small East African Zebu. The same study also 

sampled more than 2730 sheep and 2300 goats and reported that poor 

households preferred goats and the richer households preferred sheep. The 

Small East African goat was ubiquitous while, crosses of Dorper with Red Maasai 

sheep were more common in the more developed es. The least developed and 

more arid es had a high population of Somali Blackhead sheep. The Dorper 

crossbred was used to supply the market with mutton, while the Somali 

Blackhead was slaughtered primarily for home consumption (King etal., 1984)

In spite of great investment in pastoral production systems, the majority of 

livestock improvement programs did not achieve their objectives. This was 

attributed to a wrong approach to project formulation and implementation by 

development agencies who were the sole identifiers of constraints, ignoring the 

pastoralists’ knowledge and experience in resource management accumulated 

over time (Waters-Bayer and Water, 1994). The search for cost-effective ways of 

involving communities in rural development led to the development of 

participatory methods of research such as Participatory Rural Appraisal (PRA) 

and Rapid Rural Apprisal (RRA). Participatory Rural Appraisal method of data 

collection is a learning and facilitation process where local people play an active 

role in defining, analysing and solving their problems (Cornwall and Jewkes, 

1995; Webber and Ison, 1995; Martin and Sherington, 1997). Rural Rapid 

Appraisal (RRA) which uses some of the PRA tools is more focused and takes 

much less time to complete (Melville, 1993; Ngoma, 1994)
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The use of PRA tools to identify constraints to livestock health and 

production in pastoral systems has been reviewed (Catley, 2000; Catley and 

Leyland, 2001). Using these tools a survey was conducted among Dinka 

pastoralists of southern Sudan to characterise a chronic wasting disease of cattle 

and to identify linkages between indigenous knowledge and modern veterinary 

knowledge (Catley et a i, 2001). The results indicated that local communities 

were able to characterise this wasting disease syndrome that encompassed 

fascioliasis, trypanosomosis, parasitic gastroenteritis and schistosomosis (as 

both single and mixed infections). Further, in southern Sudan, Dinka pastoralists’ 

perceptions of seasonal variations in cattle diseases, disease vectors, 

intermediate hosts and rainfall were investigated using a PRA tool called a 

'seasonal calendar' (Catley et a i, 2002). Repetition of a standardized "seasonal 

calendar” demonstrated good reproducibility of the method, while comparison of 

rainfall data produced by seasonal calendars and objective measures of rainfall 

demonstrated good validity of the seasonal calendar method. Similarly, 

subjective assessment of seasonal calendar scoring patterns by veterinarians 

indicated that herders' perceptions of seasonal populations of biting flies, ticks 

and snails were similar to modern veterinary knowledge (Catley et ai, 2002).

The overall objective of this study was to characterise cattle production 

systems in Maasai pastoral systems of Kajiado District. The RRA tools were used 

to list and rank the constraints to calf health and production; to assess the Maasai 

pastoralists’ perceptions of causes and predisposing factors to major constraints.
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Further, probing was done to assess the pastoralists’ ability to recognise clinical 

signs associated with specific diseases.

4.2 MATERIAL AND METHODS

4.2.1 Design of the study

The study area and methods of selecting participants have been described 

in Chapter three sections 3.1.1 and 3.1.2.

4.2.2 Data collection and analysis

4.2.2.1 Secondary data

The information collected from secondary sources (including land tenure 

and farming enterprises, resource endowment, proximity to game parks, 

household types and composition, key livestock species and their uses, 

production constraints and accessibility to services and livestock markets) is 

summarized in tables 4.1 and 4.2.

4.2.2.2 Primary data

Primary data were collected during the RRA survey, cross-sectional and 

longitudinal studies. Semi-structured questionnaires and focused group 

discussions were conducted during the RRA cross-sectional survey (Chapter 

two and Appendices 3.1 and 3.2). Such information and data included land 

tenure system, sources of household income, types of farm enterprises, resource 

endowment such as watering and grazing pastures, livestock management
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activities, livestock species, cattle breed, herd sizes, structure and composition. 

Data on ranking of constraints, their causes, coping mechanisms and seasonality 

were also extracted for presentation and discussion. Data were stored in 

Microsoft Excel.

4.2.3 Data analysis

Descriptive statistics were obtained using appropriate commands in SPSS. 

Differences in the mean herd sizes and composition between ranches were 

evaluated using multiple-comparison procedures in SPSS. The differences were 

considered significant at p < 0.05.

4.3 RESULTS

4.3.1 Land use systems, economic activities and resource endowment

Table 4.1 shows the differences in land tenure system among the six study 

sites. Shompole, Emarti and Kuku ‘B’ ranches were unsubdivided while Olosho 

Oiborr, Olodonyo Orok and Nentanai ranches were fully sub-divided. The Maasai 

ethnic group dominated the human population in all the ranches sampled. 

However, there were differences in the distribution of other ethnic communities 

found in the ranches. For example, in Olosho Oiborr , there were a number of 

Kikuyus who had either bought land from pastoralists after subdivision, or had 

settled in the area through intermarriage. Similarly, in Shompole and Kuku B there 

were Kikuyus who had settled there because of the opportunities for crop farming.
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Table 4.1 Land tenure systems, major economic activities and types of off-farm enterprises in six ranches in Kajiado District-
Name of 
ranches

Olosho Oiborr Shompole Olodonyo
Orok

Emarti Nentanai Kuku‘B’

Land tenure 
system,

Individual Communal Individual Communal Individual Communal

Ethnic
communities

Maasai, Kikuyu, Maasai, Kikuyu, Merus, Akamba Maasai,
Somali

Maasai,
Akamba,

Maasai,
Kikuyu

Maasai, Kikuyu, 
Chagga

Economic activity Livestock Livestock keeping1, Livestock Livestock Livestock 
keeping1 crop 
farming

Livestock
keeping1,
horticultural
farming

keeping1, crop 
farming

horticultural farming keeping1 crop 
farming

keeping1 crop 
farming

maize2, beans2, maize2 , beans2, cowpeas2, maize2, maize2, beans2 maize2 , maize2, beans2,
Crop enterprises vegetables mangoes2, vegetables, green 

peas2, water melon2, pepper2, 
pumpkins, tomatoes

beans2 sorghum beans2 onions2,
vegetables,
tomatoes

Source of water 
for
Farming

Off-farm
employment

Rain water Irrigation water 
from River Parkase

Rain water Rain water Rain water Irrigation water 
from River 
Nolturesh

opportunities Good Few Very few Very few Very few Very few

Type of off-farm Civil servants, Magadi soda company, Small Small business small Tourist lodges,
employment teachers, small 

business shops
Small business shops business

shops
shops business

shops
Ecotourism e.g. 
cultural bomas,

Key: 1Main economic activity; 2Main crop enterprises
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Kamba ethnic community were also common in Shompole and Emarti where 

they were mainly involved in crop farming. In Kuku ‘B’, Chaggas who had 

emigrated from neighboring Tanzania were doing some crop farming. In 

Shompole and Olodonyo ranches, there were Somalis who were involved in 

business such as shops and hotels.

Compared to the others, Olosho Oiborr ranch had a good 

communication network, including roads and telephone. Accessibility to such as 

education and health facilities and livestock markets were better. Its members 

had more opportunities for off-farm employment because of its close proximity to 

Nairobi and minor urban towns such as Ngong, Kiserian and Ongata Rongai. In 

Shompole ranch, the Magadi Soda Company created employment for people. 

There were very few opportunities for off-farm employment in Olodonyo Orok, 

Emarti and Nentanai ranches. However, in Kuku ‘B’ ranch, there was a fair 

distribution of tourist lodges which offered employment opportunities for the local 

communities.

Compared to the others, water resources were also more developed in 

Olosho Oiborr ranch (Table 4.2). Major sources of water were a communal 

dam, seasonal springs from Ngong Hills and some individual water pans. 

Although Shompole and Kuku ‘B’ ranches had permanent water resources such 

as lakes and rivers, the distribution of their waters could only benefit a very small 

proportion of the members who lived close to them. The latter two were quite 

large compared to the other four and therefore, the members felt that 

accessibility to water resources was a major hindrance to livestock 

improvement.
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Table 4.2 Water resources, grazing management and other infrastructure development 
Group ranch Olosho Oiborr Shompole Olodonyo Orok Emarti

Availability of 
water resources Good Fair Fair Poor

Communal dam, Permanent river, Pipe, boreholes,
seasonal springs Enkare Nyiro seasonal

Types of water from Ngong hills, swamp, Lake streams Seasonal ri
resources individual pans Natron ponds

Major vegetation 
types Open grassland Wooded grassland Bush land, shrub Open grass

Reserve grazing Reserve grazing Reserve grs
pasture, semi-zero pasture, semi-zero Purely free pasture, ser

Grazing grazing during dry grazing during dry grazing in zero grazinc
management season season 

Poor road and

reserve pastures 

Poor road and

during dry 
season

Poor road a
Infrastructure Good road and telephone network telephone telephone
development 
Proximity to 
national parks,

telephone network network network

game reserves 
Accessibility to 
services and

Very near Far Far Far

livestock
markets

Very good Poor Poor Good
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Three ranches (Shompole, Olodonyo Orok and Emarti) were relatively 

far from national parks compared to Olosho Oiborr, Nentanai and Kuku ‘B’ 

(Table 4.2). Olosho Oiborr had was best placed in terms of infrastructure 

development and accessibility to livestock markets and other veterinary 

services. Table 4.3 shows that although livestock farming was still an 

important enterprise, crop farming was also on the increase in all the study 

sites.

4.3.2 Distribution of key livestock species

All the households sampled kept cattle of various breeds (Table 4.4). 

Further, all the households sampled in Olosho Oiborr, Shompole and 

Olodonyo Orok kept various breeds of sheep but only 88 percent, 89 percent, 

88 percent kept sheep in Emarti, Nentanai and Kuku ‘B’ ranches, 

respectively. All the households sampled in Olosho Oiborr , Olodonyo Orok 

and Nentanai kept goats but only 63 percent, 88 percent, 88 percent of the 

households were keeping goats in Shompole, Emarti and Kuku B’ ranches, 

respectively.

The proportion of households that were keeping donkeys varied 

between the ranches ranging from 56 percent in Olosho Oiborr to 78 percent 

in Nentanai (Table 4.4). The proportion of households that were raising 

chicken varied among ranches (ranged from 15 percent in Olodonyo Orok to 

86 percent in Emarti ranches). Bee keeping was more common in Olosho 

Oiborr where 56 percent of the households sampled indicated they kept them 

compared to equal or less than 13 percent of all the households sampled in

the other ranches.
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Table 4.3 Proportion (percent) of households (n = sample size) practising livestock 
farming only or mixed crop and livestock farming in six ranches in Kajiado District 
(Cross-sectional study, 1999).________ _______

ranches

Economic
activity

Olosho
Oiborr
(n=11)

Shompole 
___ (n=8)

Olodonyo
Orok
(n=7)

Emarti
(n=8)

Nentanai
(n=9)

Kuku B’ 
(n=8)

Livestock
only

27 0 57 38 11 63

Mixed 
crops and 
livestock

73 100 43 62 89 37

Table 4.4 Proportion (percent) of households (n = sample size) keeping key livestock 
species among Maasai pastoralists in six ranches in Kajiado District (Cross-sectional
study, 1999)._____________________ ________________ _____________________

ranches _____________

Livestock Olosho Olodonyo
species Oiborr

(n=11)
Shompole

(n=8)
Orok
(n=7)

Emarti
(n=8)

Nentanai
("=9)

Kuku B’ 
(n=8)

Cattle 100 100 100 100 100 100

Sheep 100 100 100 88 89 88

Goats 100 63 100 88 100 88

Donkeys 56 63 72 63 78 75

Chicken 73 63 15 86 50 75

Bees 56 13 13 13 11 13
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4.3.3 Cattle herd structure, breeds and functions

The overall mean cattle herd size varied from 52 to 104 (Table 4.5). 

The proportion of breeding cows in the herd varied among ranches and was 

highest in Emarti (56.3 percent) and lowest in Kuku ‘B’ (50 percent). The 

proportion of breeding bulls in the herds was significantly higher in Kuku ‘B’ 

ranch compared to Olosho Oiborr, Shompole and Emarti ranches. Kuku ‘B 

had a significantly higher (p < 0.05) number of breeding bulls compared to 

Olosho Oiborr, Shompole and Emarti. However, the mean numbers of 

breeding cows, castrated bulls and calves less than one year old were not 

significantly different among ranches.

Kuku ‘B’ had a breeding cow: bull ratio of 6:1 as compared to a ratio of 

18:1 for Olosho Oiborr, 16:1 for Shompole and 24:1 for Emarti. Nentanai had 

the lowest breeding cow: bull ratio of 12:1. The proportion of castrated males, 

in the herds also varied between ranches ranging from 5.8 percent in Shompole to 
18.5 percent in Nentanai. The proportion of calves varied from a minimum ot 26.2 
percent in Nentanai to a maximum of 34.6 percent in Shompole ranch. The estimated 
calving rate (total number of calves divided by the number of breeding cows 
multiplied by 100) was 52 percent for Olosho Oiborr , 61 percent for Shompole, 53 
percent for Olodonyo Orok, 61 percent for Emarti, 51 percent for Nentanai and 60 

percent for Kuku ‘B \
The relative proportion of calf breeds by ACZ and ranch are shown in 

tables 4.6 and 4.7, respectively. The results indicate that upgrading of Maasai 

Zebu cattle was highly prevalent in all the ACZs. There were variations in 

relative proportions of pure Maasai Zebu and crossbred calves among

ranches.

62



Table 4.5 Mean of cattle herd size by class (percentage of total number sampled per 
site in parenthesis) in six ranches in Kaiiado District (Cross-sectional study, 1999).

ranches
Class Olosho 

Oiborr 
(n=11)

Shompole
(n=8)

Olodonyo
Orok
(n=7)

Emarti
(n=8)

Nentanai
(n=9)

Kuku ’B' 
(n=8)

Breeding

cows 39 29 57 36 33 33
(53.4) (55.8) (54.8) (56.3) (50.8) (50)

Breeding

bulls 2a 2a 3 a 2a 3a 6b
(2.7) (3.8) (2.9) (3.1) (4.6) (9.1)

Castrated 12 3 16 4 12 7
males (16.4) (5.8) (15.4) (6.3) (18.5) (10.6)

Calves 20 18 28 22 17 20
(27.4) (34.6) (26.9) (34.4) (26.2) (30.3)

Mean
herd size 73 52 104 64 65 66

n = Number of households sampled

ab Means with same superscript across the rows were not significantly different at p <
0.05.
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Table 4.6 Proportional distribution (percent) of calf breeds by Agro-Climatic Zone in Maasai 
pastoral systems, Kaiiado District, Kenya (Cross-sectional study, 1999),_______________
Cattle breed

-------’  y w i w w w  w u v v i v n a i  O i u u  y  , l s j  Z / } .

Agro-Climatic Zone (ACZ) Total number
4 5 6 of cattle

Maasai Zebu O) CO
eg n c 27

(n=64)
33

(n=90)
217

Crosses of Maasai Zebu 
with either Sahiwal, Boran 
or European breeds

71
(n=155)

73
(n=173)

67
(n=183)

512

Total number of cattle 219 237 273 729

Key: n =  number of calves by type of breed

Table 4.7 Proportional distribution (percent) of calf breed by ranches in Maasai pastoral 
systems, Kajiado District, Kenya (Cross-sectional study, 1999).______________________

ACZ IV ACZ V ACZ VI Total 
no. of

ranches ranches ranches cattle
Cattle breed Olosho

Oiborr
Shompole Olondonyo

Orok
Emarti Nentanai Kuku

‘B’

Maasai Zebu
4

(n=4)
52

(n=59)
20

(n=26)
35

(n=37)
4

(n=4)
53

(n=86)
217

Crosses of 
Maasai Zebu 
with Sahiwal, 
Boran or 
European 
breeds

96
(n=101)

48
(n=55)

80
(n=54)

65
(n=68)

96
(n=101)

47
(n=77)

512

Total no. 
of cattle

105 114 132 105 110 163 729

Key: n = number of calves by type of breed

64



However, when the breed distributions were compared between 

ranches there were noticeable differences in the distribution of calf breeds 

between ranches. The results further show unlike in ACZ V and VI where 

there were no differences in the proportional distribution of calf breeds, in ACZ 

IV there was a higher proportion of Maasai Zebu calves in Shompole (52 

percent) than in Olosho Oiborr (4 percent) (Table 4.7).

Table 4.8 shows the proportion of households that listed cattle 

functions into rank positions 1, 2 and 3. Fifty six percent of the households 

ranked production of milk for household consumption in position one while 

only 6 percent of the households ranked milk for sale in position one. Thirty 

eight (38) percent ranked sale of live animals for cash income in position one. 

Meat for household consumption was listed in rank positions 2 and 3 by 8.1 

percent and 29.5 percent, respectively. Other functions of cattle that were 

ranked in position three only were hides for domestic use (13.3 percent), 

meatfor sale (4.5 percent), manure for farm use (2.5 percent), traction (2.5 

percent) and manure for sale (2.5 percent).

4.3.4 Relative ranking of general constraints to increased calf production

There were wide variations in the rankings of general constraints to 

increased calf production among the six ranches (Table 4.9). Out of the 

overall total of 17 general constraints that were listed, the five most important 

constraints in order of importance were water shortage, high incidence of 

diseases, feed shortage, inadequate extension services and costly inputs.
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Table 4.8 Cattle functions and the proportion of households (percent) 
(n = 51) that ranked them in position one, two and three in Maasai 
pastoral systems, Kajiado District (Cross-sectional study, 1999).

Cattle functions

Proportion (percent) of responses

Rank 1 Rank 2 Rank 3

Milk for household consumption 56 34.7 11.4

Sale of live animals for cash 38 32.7 22.7

Milk for sale 6 24.5 9.1

Meat for household use - 8.1 29.5

Hides for domestic use - - 13.3

Meat for sale - - 4.5

Manure for farm use - - 4.5

raction - - 2.5

Manure for sale - 2.5
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Table 4.9_Ranking of general constraints to calf health and production in six M 

Rapid Rural Appraisal survey, 1999 (rank position 1 = highest, rank position ‘

Ranking within ranches

Constraint
Overall
ranking

Olosho
Oiborr Shompole

Olodony
Orok

Water shortage 1 4 1 2

High incidence of diseases 2 1 2 3

Inadequate extension 
services

3 2 4 5

Feed shortage 4 3 3 4

Costly inputs 5 7 5 7

Wildlife as a menace 6 6 8 6

Poor livestock marketing 7 5 6 -

Poor road network 8 - 7 -

Soil erosion 9 9 - 10
Inadequate credit facilities 10 - - 8
Lack of good animal breeds 11 10 - 11
Wild bush fires 12 11 9 -

Overstocking/overgrazing 13 8 - 9
Drought 14 - - 1
Communal land ownership 15 - - -

Shortage of labour 16 - - 12

Poor housing 17 - - -
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Water shortage was ranked as the number one constraint in three 

(Shompole, Nentanai and Kuku B ) out of six ranches. High incidence of 

diseases was ranked as number one in Olosho O iborr, number two in Shompole 

and number three in Olodonyo Orok, Nentanai and Kuku ‘B’ ranches. The other 

general constraints that were listed were wildlife menace (through predation, 

competition of feed).

4.3.5 Causes and coping strategies of constraints to calf production

Appendices 4.1-4.2 show the constraints and coping strategies for calf 

health and production in six ranches. Shortage of water and forage were 

associated with frequent droughts. The coping strategies for water shortage 

included construction of dams, use of water pans and rock catchments. Feed 

shortage was mainly caused by frequent droughts, overstocking and presence of 

wildlife. Communities in Olosho Oiborr , Shompole, Nentanai and Kuku ‘B’ 

reported that outbreaks of wild bush fire that were caused by poachers and 

fishermen were common during the dry season thus contributing to further 

shortage of pasture for livestock.Maasai pastoralists associated high incidence of 

disease with high prevalence of vectors (for East Coast Fever and 

trypanosomosis), uncontrolled movement of animals (for contagious bovine 

pleuropneumonia and foot and mouth disease), inadequate diagnosis for 

treatment and control caused by inadequate veterinary extension services.

The coping strategies for high incidences of diseases included use of 

ethno-veterinary practices, injection of sick calves with tetracyclines and
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application of acaricide to spray calves against ticks. High cost of inputs such as 

drugs and acaricide was associated with poor distribution of agro-vet shops that 

usually stock and sell drugs to pastoralists (Appendix 4.1).

Poor infrastructure was associated with rough terrain. Thus, there was a 

shortage of good roads and means of transportation for animal and people was 

inadequate. As a result, transportation was very expensive and pastoralists were 

forced to walk long distances. The use of donkey for transportation was quite 

common.

Shortage of labour was listed in Olodonyo Orok and Kuku ‘B’ and was 

acute during school days. Hired labour was very expensive for most of the 

pastoral families. One of the coping strategies listed was marrying of more wives 

who were involved in herding and watering of calves (Appendix 4.1). In addition 

having more children increased the labour force.

4.3.6 Predisposing factors and coping strategies for calf disease

The perceived causes of calf diseases, coping strategies and opportunities 

for their controlling in the six ranches are listed in Appendix 4.2. The communities 

listed high prevalence of vectors and presence of thick bush as causes of 

theileriosis and trypanosomosis while helminthosis, intestinal obstruction, 

coccidiosis, anthrax and black quarter were associated with environmental 

contamination. Calf diarrhoea was associated with excessive intake of water and 

indeed one of the coping strategies was withdrawal of water.
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The strategies used to treat and or control calf diseases included both 

conventional methods and ethno-veterinary control practises (Appendix 4.2). 

Control of ticks relied mainly on the use of acaricide through hand spraying and 

very rarely by manual removal.

4.3.7 Relative ranking of calf diseases and their seasonality

Overall, the most important diseases of calves were listed in order of 

importance as East Coast Fever, Foot and mouth disease (FMD), helminthosis 

and ringworms (Table 4.10). East Coast Fever (or theileriosis) (locally known as 

Oldikana) was listed in rank position one in all the six ranches. Other important 

diseases that were listed were Anthrax, Black quarter, Rinderpest, Lumpy skin 

disease (LSD), Calf diarrhoea, Coccidiosis, Contagious Bovine pleuropneumonia 

(CBPP), trypanosomosis and pneumonia.

Other diseases that were listed but ranked relatively low included fleas 

(Olosho Oiborr), bloat (Olodonyo Orok) and intestinal obstruction (Emarti). Further 

probing revealed that pastoralists could identify two broad types of calf diarrhoea, 

bloody and non-bloody. The former was reportedly more severe and the listed 

clinical signs were suspicious of coccidiosis (Appendix 4.3).

Table 4.11 shows the seasonal occurrence of calf diseases in six ranches 

in Kajiado District. East coast fever which was ranked the highest in all the six 

ranches occurred throughout the year. In Olosho Oiborr ranch, more cases 

were observed during the wet seasons (April and
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Table 4.10 Ranking of diseases of calves in six ranches Maasai pastoral herds in Kajiado District. Rapid Rural Appraisal 
survey, 1999. (rank position 1 = highest, rank position 17 = lowest)._____________________________________________

Diseases
Overall
rank

Ranking within ranches

Olosho
Oiborr Shompole

Olodonyo
Orok Emarti Nentanai Kuku ‘B’

East Coast fever 1 1 1 1 1 1 1

Foot and mouth disease 2 3 6 4 5 3 5

Helminthosis 3 7 10 8 8 4 7

Ring worms 4 5 11 9 9 6 -

Anthrax 5 - 4 2 3 - 4

Black quarter 6 - 3 3 2 2 -

Rinderpest 7 2 2 - - - 3

Lumpy skin disease 8 - 9 - 6 - 6
Calf diarrhoea 9 6 - 10 - 5 -

Coccidiosis 10 - 5 6 4 - -

Contagious Bovine Pleuro-pneumonia 11 - 7 - - - 2
Trypanosomosis 12 - 8 - - - 8
Fleas 13 4 - - - - -

Pneumonia 14 - - 7 - _ -

Bloat 15 - - 5 - - -

Intestinal obstruction 16 - - - 7 - -
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Table 4.11 Seasonal occurrence of diseases of calves in six ranches, Kajiado District. Rapid Rural Appraisal 
survey, 1999._____ _______________________________ ___________________________________________

ranches

Disease Olosho Oiborr Shompole
Olodonyo
Orok Emarti Nentanai Kuku ‘B’

East Coast 
Fever

All seasons, 
peaks during 
wet seasons

All seasons All seasons All seasons All seasons All seasons, but 
more cases in 
June, July

Foot and mouth All seasons. All seasons All seasons All seasons Wet season Sporadic
outbreaks

Helminthosis Mainly after 
the rains

Dry season All seasons, 
peaks observed 
during wet 
seasons

All seasons, 
peaks during 
dry seasons

All seasons

CBPP - - - - - Sporadic
outbreaks

Ring worms Dry season - Dry season Dry season Dry season -

Bloody
diarrhoea

Wet season - Dry season - Wet season -

Rinderpest Sporadic
outbreaks

- - - - Sporadic
outbreaks

Lumpy skin - Sporadic
outbreaks

- Sporadic
outbreaks

- -

Anthrax - All seasons - - _

Black quarter - - Dry season - _ -

Trypanosomosis - Wet season - - - Wet season
Bloat - - Wet season _ - _
Coccidiosis - - - Dry season - _

Intestinal
obstruction

“ “ - Dry season - -
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December) while in Kuku B’ infections peaked during the dry months (June and 

July). Foot and mouth disease disease (FMD) was reportedly common 

throughout the year except in Nentanai where outbreaks were common during 

the wet season and sporadic outbreaks in Kuku ‘B’. Ring worms was prevalent 

during the dry season in all the four sites where it was listed.In all the six es 

various formulations of oxytetracyclines were used to treat diseases including 

non-bacterial ones such as trypanosomosis. Vaccination against contagious and 

notifiable diseases such as FMD, anthrax, black quarter, CBPP and LSD was 

rarely done. Similarly, although helminthosis in calves was ranked quite high 

(overall position=3), the use of anthelmintic for deworming was very rarely done. 

Various ethno-veterinary activities were also used to treat calf diseases 

(Appendix 4.2). Among the pastoralists, excision or burning of superficial lymph 

nodes was commonly used to treat theileriosis. Some Maasai pastoralists in 

trying to treat the symptoms withdrew water from the calf thus causing further 

dehydration and death of the calf.

The communities listed high prevalence of vectors and presence of thick 

bush as predisposing factors for theileriosis and trypanosomosis while 

helminthosis, intestinal obstruction, coccidiosis, anthrax and black quarter were 

associated with environmental contamination. Calf diarrhoea was associated with 

excessive intake of water and one of the coping strategies was to completely 

withdraw water.
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Pastoralists had substantial knowledge of clinical signs and some of the 

post mortem signs associated with major calf diseases (Appendix 4.3). For 

example, theileriosis, anthrax, blackquater and rinderpest were associated with 

high mortality rates. The pastoralists were able to differentiate theileriosis 

(Oldikana) from anaplasmosis (Lipis) based on clinical signs. Thus, while 

theileriosis had a very short course and did not respond well to tetracyclines, 

Anaplasmosis had a relatively low mortality, long duration and responded well to 

tetracyclines treatment and was associated with constipation and hard faeces. 

However, when asked to list the causes of the diseases, they could not identify 

the actual causative agents. Instead, the list that was generated was treated as 

factors that predisposed calves to major diseases (Appendix 4.2).

4.4 DISCUSSION

This study suggests that although the household economy of Maasai 

pastoralists was still largely dependent on livestock production, the production 

system was gradually changing from purely nomadic pastoralists to agro- 

pastoralists. Over 50 percent of the households sampled indicated that the major 

farming enterprise was a mixture of crop and livestock farming. The factors that 

influenced changes in Maasai pastoral production systems include rapid 

population growthand changes in land use and tenure (Oyaya, 1998). Generally, 

Maasai pastoralists in Kajiado District kept mixed herds of cattle, sheep and 

goats.. However, the composition of livestock species varied among and within 

ranches. Different species of livestock kept together ensure efficient utilisation of
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forage resources since cattle and sheep are primarily grazers while goats are 

browsers (Jahnke, 1983). Thus, a combination of different types of livestock 

provides Maasai pastoralists with a wide array of animal products. Herd 

diversification was also an important strategy for household security in terms of 

ensuring minimum subsistence if one species was affected by disease or lack of 

forage and drinking water (as in drought).

The vast majority of cattle kept by Maasai pastoralists are Shorthorn East 

African zebus in mixed herds with indigenous breeds of sheep and goats. In 

some of the areas, improved Boran and Sahiwal bulls have been introduced 

which agrees with findings of other investigators (King et al., 1984). This study 

has hown that cattle herd sizes and composition varied greatly among the six 

ranches. Oyaya (1998) reported that the average number of livestock per family 

was 96 heads of cattle, 76 sheep and 191 goats. These estimates are over and 

above the mean number of cattle recorded in this study (except for Olodonyo 

Orok where mean cattle herd size was 95). The most important factors that 

influence cattle herd structure in Maasai pastoral systems are calving rate and 

mortality (de Leeuw et al., 1991). Other less important determinants of herd 

structure and composition are off take for sale and / or gifts. However, it is the 

calving and mortality rates determine the relative proportions of various classes 

of animals in a herd. Thus, although Shompole ranch had the highest estimate 

of calving rate the proportion of breeding cows was the lowest. This could 

possibly be due to relatively high mortalities of adult cattle in herds in this 

particular . Unfortunately, this particular study did not investigate mortality of

75



adult cattle. Therefore, it is recommended that such studies should be conducted 

in order to clarify all factors that affect herd growth and recruitments in Maasai 

pastoral systems.

The proportions of breeding cows among the 51 herds sampled in this 

study ranged from 56.8 - 59.2 percent (mean=53.1 percent). Similar results have 

been recorded confirming that Maasai pastoral farmers in Kajiado District 

continued to manage their cattle for maximum milk production and herd 

restocking rather than for beef production (de Leeuw et al., 1984; King et al., 

1984). The estimated calving rate of 50.8-60.8 percent was lower than 68 

percent reported for similar herds within the same district (Semenye, 1987). On 

average calves comprised 21.6 percent of the herd in this study which was also 

within the range quoted by others (Peeler and Omore, 1996). Although this study 

did not come up with estimates of calf mortality, it was possible that some of the 

calves that were born alive had died within the first 12 months after birth (Bekure 

et al., 1991), which might explain the relatively low calving rate observed in this 

study.

Although there were a wide range of constraints affecting calf health and 

production in all the six ranches sampled, there was a fair agreement in 

response that the four most important constraints were water and feed shortages 

(both are drought related), high incidence of diseases, and inadequate extension 

services. An earlier survey (Wandera et al., 1997a) also reported that water was 

a major constraint affecting the improvement of meat from goats and sheep in 

the arid and semi arid areas of Kenya. This study shows that the availability of
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water resources varied among ranches. For example, water resources in Olosho 

Oiborr were more readily available compared to Shompole, Kuku ‘B’ and Emarti. 

Although, Shompole and Kuku B’ had some permanent water resources (Rivers 

Parkase and Nolturesh) the water was not readily available for the wider 

community members due to the large size of the ranches and the wide 

distribution of human population. On the other hand, apart from using spring 

water from the Ngong hills, the construction of a communal dam had made 

tremendous improvement in water availability in Olosho Oiborr . The community 

in Shompole ranch reported that Ewaso Nyiro Rriver had changed it course 

following the heavy El nino rains of 1997, which left a dry riverbed resulting in long 

distance treks in search of water for both people and animals. Unfortunately, the 

options for alleviating water shortage in the ASAL were very limited due to the 

lack of permanent rivers and the high cost of constructing dams and boreholes. 

However, there are opportunities for improving water resources such as 

development of roof catchments and dams.

Among the diseases of calves, pastoralists in all the study sites listed 

theileriosis was ranked position one was prevalent throughout the year. In 

Olosho Oiborr ranch, however, pastoralists indicated that the highest 

prevalence occurred during the wet seasons. This was expected as temperature 

and rainfall have a significant influence on the abundance and longevity of the R. 

appendiculatus vector ticks (Norval et al., 1992). In contrast to Olosho O iborr, 

pastoralists in Kuku ‘B’ reported that the peak of theileriosis infections occurred 

during the months of June and July which are relatively dry months. One possible
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reason for this was the movement of wild game, especially buffaloes, from the 

game reserves into the settlement areas in search of water and forage during the 

dry season. Buffaloes are carriers of T. parva lawrencei which causes the fatal 

corridor disease of cattle ( Radley et a/., 1979; Grootenhuis, 1999)

Trypanosomosis was perceived to be prevalent throughout the year in 

Shompole and Kuku ‘B’ ranches. Farmers in Shompole identified two peaks in 

the prevalence of trypanosomosis, between January and May and another one 

between October and December. The ability of farmers to identify peaks of the 

disease prevalence was also reported from formal surveys (Catley et al., 2002) 

thus indicating that pastoralists’ indigenous knowledge on animal diseases 

prevalent in their regions should not be ignored.

Oxytetracyclines in various formulations were commonly used by Maasai 

pastoralists to treat diseases including non-bacterial ones such as 

trypanosomosis. which this could lead to drug resistance and poisoning. Tick- 

borne diseases (especially theileriosis and anaplasmosis) were better controlled 

by use of acaricide. However, despite the widespread availability and application 

of acaricide in the pastoral systems, these health problems have persisted in 

calves. Outbreaks of FMD which was ranked position two overall had become a 

common phenomenon in spite of annual vaccinations conducted by the staff of 

the Ministry of Livestock and Fisheries Development (MLFD)(DVO, 1998, 1999).

Helminthosis persist in the pastoral production systems and even assume 

high ranking in some areas such as Nentanai ranch as a constraint possibly due 

to non-application of anthelmintics, ineffectiveness of anthelmintics in the market
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and under dosing. Diseases such as anthrax, black quarter, CBPP and Lumpy 

Skin disease can be effectively controlled by vaccination. However, this was not 

commonly done except when there was an outbreak.

There are other reports which identified feed shortage as a constraint to 

improvement of livestock in ASAL (Wandera et a!., 1997b; (Pedersen and 

Madsen, 1998;). In this study, feed shortage was associated with drought, 

presence of free roaming wild game and overstocking. While prescribed and 

organised burning was one of the accepted methods of bush management, wild 

fires caused by arsonists, poachers and fishermen were reportedly common during 

the dry season thus contributing further to the shortage of forage. Overstocking 

was reported in the subdivided ranches. Apart from exacerbating the problem of 

feed shortage, overstocking causes overgrazing, land degradation and soil 

erosion. Among the mitigation strategies mentioned were temporary exchanget 

of excess animals with other families with excess pasture, and / or relocation of 

herds to areas. Thus, although majority of the ranches were subdivided into 

individual land parcels, there was some sharing of some resources such as 

grazing pastures and water. Interestingly, pastoralists in unsubdivided es did not 

identify overstocking nor overgrazing as constraints possibly because there was 

no restriction to movement of animals in unsubdivided grazing.

While the pastoral communities were aware that tourism was a major foreign 

exchange earner for the country, wildlife was considered a menace especially to 

communities living next to the game parks. Almost, all the major types of game 

animals were commonly found in Kajiado District. They included Wildebeest,
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Zebras, Buffaloes, Elephants, Lions, Hyenas, Leopards, Elephants, Antelopes, 

Ostriches, Monkeys and Apes (Ole Katampoi et a i, 1990), They are known to be 

reservoirs for diseases such as theileriosis (Buffaloes) (Grootenhuis, 1999), 

Malignant Catarrhal fever (MCF) (Grootenhuis, 1999), predators (lions, hyenas, 

apes), and destroy and farm structures (elephants) and are feed competitors.

With the recent liberalization of the economy by the GoK (Hubl et ai, 

1998), cross-border livestock marketing and high cost of inputs for production 

among pastoral communities in ASAL has adversely affected livestock 

production. The pastoralists observed that lack of price control and the free trade 

between countries had affected the prices of animals. During the implementation 

of RRA there were traders who were transporting animals across the border from 

Tanzanian markets to Kenyan markets (such as those in Shompole ranch). 

Apart from flooding the livestock market, such traders were willing to accept less 

money due to relative difference in currency exchange rates (1 Ksh. was 

equivalent to 10 Tsh. at the time of the study) thus causing further decrease in 

livestock prices. Although it is not clear how trade in livestock and their products 

affected calf health and production, it was assumed that part of the proceedings 

from the sale of animals was used to purchase drugs for treatment and control of 

calf diseases (Gitunu et a i, 2003). Thus, a livestock marketing survey was 

necessary to determine supply and demand trends and how these impacted on 

price fluctuations and input into production especially purchase of veterinary 

inputs such as drugs and acaricide.
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Lack of breeding stock and limited extension coverage were also a 

constraint for improved calf health and production in the six ranches. The 

appropriate approach to lack of breeding stock would be to identify the "best 

animals within the herds which would then be characterised for their production 

and survivability traits. This would then be followed by followed by development 

of selection criteria and a multiplicative system that should involve interested 

private producers to act as sources of breeding stock for sustainablity . 

Unfortunately, most of the indigenous breeds of cattle have not been adequately 

characterised. Thus information on phenotypic and genotypic characteristics of 

indigenous cattle is either acking or incomplete (Rege et al., 2001).

This study has suggested that there was a high risk of TBDs in pastoral 

systems of Kajiado District. Perhaps one of the reasons could be attributed to the 

introduction of exotic breeds to upgrade indigenous cattle (Gregory et al., 1984; 

Trail et al., 1984). The level of introduction of exotic blood was higher in Olosho 

Oiborr ranch than in others ranches. These animals are more susceptible to 

TBDs than the local Bos indicus breeds (Fivaz et al., 1992; Mwangi et al., 1998; 

Bakheit and Latif, 2002). Another possible contributing factor is the distribution of 

suitable habitats for vectors. Thus, while tickborne diseases were listed in all the 

study es, the risk of trypanosomosis was higher in Shompole and Kuku B than 

in the others es perhaps due to the relatively suitable vegetation cover for tsetse 

flies within them.

From the foregoing discussions the following conclusions can be drawn: 

one, the impact of tick-borne diseases on calf health and production should be a
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priority goal for research in Maasai pastoral systems; two, there iss need to 

evaluate the effectiveness of vaccination schedulse for FMD, CBPP, Blanthrax, 

Lumpy skin disease; three, there is need to assess the impact of helminthosis on 

calf production. This should go hand in hand with evaluation of the anthelmintics 

on the market and strategic drenching schedules for control of worms.

Water and forage shortage were perceived as key constraints to improving 

calf health and production among Maasai pastoralists in Kajiado District. These 

constraints need to be addressed. There is need for efficient use of the little 

water and forage resources available for increased calf production. However, 

increasing water and feed resources for calves and livestock in general was 

outside the scope of this study.

Finally, the RRA survey was a valuable approach to working with 

communities in analysing the constraints for improvement of calf health and 

production. In this study, RRA methods were applied to assess the Maasai 

pastoralists’ perception of constraints affecting with calf health and production, 

their causes and predisposing factors. The participatory nature of the study 

enhanced relationship between the investigator and the pastoralists, a concept 

considered as a major benefit in using RRA and PRA methodologies (Biggs, 

1989). While majority of pastoralists were ready to discuss and participate fully in 

the surveys, a few of them were inclined to demand incentives such as drugs, 

acaricide, free veterinary services in order to participate in the survey.

Rapid Rural Appraisal (RRA) method of data collection has advantages 

over the more-detailed cross-sectional and longitudinal studies because it can be
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used to collect data more quickly and cost effectively and it uses a wide range of 

multidisciplinary information as well as enabling on-the-spot assessment. It has a 

high level of community participation and is accessible to many users with or 

without quantitative skills (Snow and Rawlings, 1999). Unfortunately, information 

collected using RRA/PRA methods usually lacks some detail and the precision 

cannot be estimated. In addition, the reliability of estimates of disease prevalence 

obtained from such studies depends mainly on the extent of knowledge of 

diseases by livestock owners and herdsmen. Thus, although the pastoralists 

could correctly point out the role of dense vegetation and the presence of ticks in 

the transmission of theileriosis they were not aware of the causal relationship 

between R. appendiculatus and T. parva. Similarly, they could not identify the 

causal relationship between environmental factors such as soil contamination 

and the bacteria that transmit anthrax and black quarter. The mere presence of 

ticks may also give very little indication of an impact on livestock production 

especially where several genera of ticks with different abilities to transmit disease 

agents occur. Further, other survey methods are required to estimate the 

prevalence of, and production loss associated with presence of disease. In order 

to obtain this information, the results of the RRA were used to design cross- 

sectional and longitudinal observational studies whose results are presented in 

the chapters six, seven and eight.
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CHAPTER FIVE

RISK FACTORS ASSOCIATED WITH SEROPREVALENCE OF TICK-BORNE 

DISEASES OF CALVES IN MAASAI PASTORAL HERDS IN KAJIADO 

DISTRICT, KENYA

5.1 INTRODUCTION

Ticks and tick-borne diseases (TBDs) are a major constraint to improved 

cattle production in Kajiado District (Bekure et a!., 1991; DVO, 1997; 1998; 

1999). Indeed, during the Rapid Rural Appraisal survey (Chapter four) they were 

ranked the highest among the diseases of calves by Maasai pastoralist in all six 

ranches that were sampled. The most important TBD is East Coast fever 

(theileriosis) caused by Theileria parva and transmitted by the Brown ear tick, 

Rhipicephalus appendiculatus (Ole Katampoi et a!., 1990; Bekure et at., 1991). 

Other TBDs of cattle are benign theileriosis caused by Theileria mutans, 

anaplasmosis caused by Anaplasma marginale, babesiosis caused by Babesia 

bigemina and cowdriosis caused by Cowdria ruminatium.

Control of TBDS is quite expensive and relies mainly on application of 

acaricide through hand spraying. Application of acaricide must be regular and 

skilful in order to avoid under exposure of ticks and resistance development. 

Over exposure of the animal to chemical causes poisoning. The design of 

effective strategies for control of disease requires data on the estimates of 

prevalence, incidence rate and impact of disease on production (Martin et a!., 

1994). Except for the information contained in annual reports (DVO, 1997; 1998;
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1999) such data are lacking in Kajiado District. Estimates of disease prevalence 

are usually obtained from cross-sectional studies while incidence rate of disease 

and their impact on animal production are obtained from longitudinal studies 

(Dohoo et a i, 2003). The objective of this study was to estimate the 

seroprevalence of TBDs in calves in Maasai pastoral systems of Kajiado District 

and to identify risks factors associated with these diseases, and the potential for 

controlling these in these pastoral production systems.

5.2 MATERIALS AND METHODS

5.2.1 Design of the study

The study design, areas and methods used to select households and 

herds have been descibed in chapter three.

5.2.2 Data collection and storage

For each of the households, a semi-structured questionnaire (Appendix 

3.2) was administered to the herd owner or his representative to gather specific 

information on herdingg activities (verified by the interviewer). Information on 

variables potentially associated with sero-prevalence of TBDs at the farm and 

calf levels were collected (Table 5.1). As much as possible, the variables were 

derived from the causes and / or predisposing factors that were listed by 

pastoralists during the RRA (Chapter 4) and were known to have some biological 

relationship with the prevalence of TBDs. For example, water and feed 

availability for the calf were dependent on type of grazing management, age at
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Table 5.1 Potential explanatory risk factors associated with antibody prevalence to T. 
parva, T. mutans, A. m a rg in a le  and B. b ig em in a  from the cross-sectional study in Kajiado 
District.
Farm management factors

Grazing management system: communal / individual land ownership 

Calf herd size: 1-10 calves /11-30 calves / 31-60 calves 

Calf pen treated? : yes / no

Calf pen treatment method? : none / ash / insecticide

Colostrum feeding time at birth: < 6 hours / > 6 hours

Colostrum feeding method at birth: assisted suckling / free suckling

Age at first watering: < one month /1-3 months / > 4 months

Watering method: Use of a pail or basin / treks to the river

Watering frequency:Adlibitum / once daily / once every two days

Age at first free grazing on pastures:<one month /1-2 months / >3 months

Age at start of tick control: none / < one month /1-2 months / > 3 months

Method of tick control: none / dipping / spraying / handpicking / grazing

management

Frequency of tick control: once per week / twice per week / when tick

burdens high

Calf-related factors

Age of calf at time of visit 

Sex of calf: male / female
Breed of calf: Maasai zebu / exotic (mainly Sahiwal and Boran) / crosses 

(mainly crosses of Maasai zebu with Sahiwal, Boran and Bos tsurus) 

Packed red cell volume
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first free grazing and watering methods and frequency while the prevalence and 

incidence of tick-borne diseases would depend on the methods and frequency of 

tick control.

The farm-level variables that were collected included grazing management 

(individual land or communal), calf feeding practices (including colostrum feeding 

time and method), calf herd size (categorised into groups of 1-10 calves, 11-30 

calves, 31-60 calves), tick control methods (initial age at tick control, frequency of 

control), calf watering management (age at first watering, method and frequency 

of watering), calf grazing practices (age at which calves start going out to graze 

on pasture), calf housing and hygiene.

A separate questionnaire was administered to gather the following 

information:: age, sex and breed. Calf age was categorized (from birth up to 3 

months, 4-6 months, 7-9 months, and 10-12 months) because there were no 

records of calving dates. Similarly breed type was also categorized as Maasai 

zebu, exotic and crosses (includes Maasai zebu crossed with Sahiwal, Boran 

and Taurine breeds) based on phenotypic identification by the Principal 

Investigator (PI). All questions were presented in a closed-ended format.. For the 

purpose of maintaining consistency, all interviews were conducted in Kiswahili 

and translated into Maasai dialect by local translators.

Data files of responses to questionnaires and the results of laboratory 

assays were prepared in Microsoft Access database. Separate files were 

prepared for the farm and individual calf variables.
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5.2.3 Data analysis

Data nalysis were conducted using Statistical Analysis Software (SAS) for 

Windows, version 8.2 (SAS 1985). Percent positivity (PP) values from the serum 

antibody tests (described in Chapter three section 3.2.2) were the outcome 

variables and were either positive or negative (coded zero) using the fixed cut

off points of >19 for T. parva and T. mutans and >14 for A. marginale and 8. 

bigemina. First, descriptive analyses were used to estimate mean serum 

antibody prevalence for T. parva, T. mutans, A. marginale and B. bigemina by 

ACZ, ranch, and calf age using the PP values. The 95 percent confidence limits 

(C.L.) for the seroprevalence estimates (binomial proportions) (Snedecor and 

Cochran 1989) for each ACZ and ranches were generated. Secondly, in order 

to investigate the endemic status of herds for tick-borne diseases, the prevalence 

of serum antibodies against T. parva, T. mutans, A. marginale and B. bigemina in 

herds within each of the six ranches were categorised as low (0-30 percent), 

moderate (31-70 percent) and high (71-100 percent) (Gitau, 1997). Histograms 

were then used to compare variation within and between ranches and herds.

The Ordinary Logistic Regression was then used to investigate the association 
between the serum antibody prevalence of TBD parasites and potential risk factors (Table 
5.1) using percent positivity (PP) values as the outcome variables. First, ACZ and 
ranches variables were analysed separately followed by farm and calf variables. Farm 
variables were grouped into feeding practices, tick control and other management 
practices. Each ranchesof tarm variables was analysed separately prior to their inclusion
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into the tull model. For each ot these separate analyses, variables to be included in the 
lull main efiects model (comprising all groups' variables) were obtained by backward 
elimination of non-significant variables at p < 0.1. Several interaction terms were created 
using variables that were found to be significant in the main effects model. The final 
regression model was generated by backward elimination of non-significant variables 
from the overall model based on Wald’s test (p< 0.05). The ACZ and breed were forced 
into the model.

The actual number of calves per household varied from 2 - 54 calves 

(mean = 22.7; standard deviation =14; median = 18). Thus, the possibility that 

clustering of responses at the ranches and farm level might cause a larger than 

expected variance was investigated using Generalized Estimating Equations 

(GEE) in SAS. The significance (p < 0.05) of the variables chosen for the final 

models was reassessed using the model-based variance-covariance estimates 

assuming a common correlation pattern across households within ranches.

5.3. RESULTS

5.3.1 Descriptive statistics

A total of 729 calves were sampled from a total of 51 households. Calves 

aged less than one month to 3 months made up 18.79 percent (137/729) while 

48 percent (350/729) were between 4-6 months old. Calves aged between 7-9 

months comprised 22.6 percent (165/729) while 10.56 percent (77/729) were 

aged between 10-12 months (Table 5.2). Forty nine point one percent (358/729) 

were male calves while 50.9 percent (371/729) were female calves. The breeds
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Table 5.2 Characteristics of selected calves (n=729) in terms of age, sex, breed, 
herd size, house cleaning and feeding practices from the cross-sectional study in 
Kajiado District (November, 1999 -  January, 2000._________________________

Variable Category
No. of calves 

tested Percent
Calf age < 4 months old 137 18.8

4-6 months old 350 48.0

7-9 months old 165 22.6

10-12 months old 77 10.6

Sex Male 358 49.1

Female 371 50.9

Breed Maasai zebu 216 29.6

Crosses 472 64.7

Exotic 41

Calf house cleaning None 634 87.0

method Ash 28 3.8

Insecticide 67 9.2

Colostrum feeding <6 hours of birth 716 98.2

time
>6 hours of birth 13 1.8

Colostrum feeding Assisted suckling 95 13.0

method
Free suckling 634 87.0

Suckling frequency Once 89 12.2

per day Twice 640 87.8

Herd size <11 calves 120 16.5

11-30 calves 404 55.4

31-60 calves 205 28.1
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of calves comprised of crossbreds 64.8 percent (472/729), Maasai zebu, 29.6 

percent (216/729) and exotic, 5.6 percent (41/729).

Table 5.2 shows that 55.4 percent of the calves were from calf-herd sizes 

that varied from 11-30 calves while 16.5 percent and 28.1 percent of the calves 

were from calf-herd sizes varying from 2-10 calves and 31-60 calves, 

respectively. Majority (87.3 percent) of calves were kept in pens that were not 

treated against ectoparasites such as fleas and lice while the rest were kept in 

pens that were regularly treated with either ash (3.8 percent) or insecticides (9.2 

percent). Over 98 percent (716/729) of calves were fed on colostrum within the 

first six hours after birth, while only 13.0 percent (95/729) of the calves required 

some assistance during suckling. Most (87.8 percent) calves were suckled twice 

per day, in the evening and in the morning.

The most popular farm and calf management variables including tick 

control, watering and grazing management practices are shown in Table 5.3. 

Thirty two percent of the calves were first sprayed when they were less than one 

month old while 49.5 percent were first sprayed at the age of 1-2 months old. 

Only 18.2 percent of the calves were first sprayed when they were > 3 months of 

age. Maasai pastoralists used both spraying and hand picking methods of tick 

control but hand spraying using a pump was the most popular method used. 

Approximately 6.7 percent of the calves were sprayed when tick burdens were 

observed to be high, 15.8 percent of the calves were sprayed at least once per 

month and 77.2 percent were sprayed at least once per week.
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Table 5.3 Management practices of calves (n=729) selected for the cross-sectional study 
in Kajiado District (November, 1999 -  January, 2000).____________________
Variable Categories

No. of calves 
tested

Percent

Age of calf at start < one month 233 32.0
of tick control 1-2 months 361 49.5

> 3 months 135 18.5

Frequency of When tick burdens high 49 6.7
spraying against 
ticks At least once per month 117 16.1

At least once per week 563 77.2

Grazing system Individual land 381 52.3

Communal land 348 47.7

Age at first < one month old 45 6.2

watering 1-4 months old 401 55.0

> 4 months 283 38.8

Watering adlibitum 97 13.3

frequency Once daily 547 75.0

Less than once daily 85 11.7

Watering method Pail or basin 297 40.7

used Treks to the watering 432 59.3

Age at free grazing
place
< one month old 281 38.5

on natural pasture 1-2 months old 321 44.1

3-4 months 107 14.7

5-6 months 20 2.7
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About 52.3 percent of the calves were grazed on individually owned farms while 

47.5 percent were grazed on communally owned land (Table 5.3). Thirty eight 

point five percent of the calves were taken out for free grazing when they were 

less than one month old while 17.4 percent went out for grazing when they were 

more than 3 months old.

About 6.2 percent of calves started drinking water when they were less 

than one month old while 55 percent of the calves were not provided with water 

until they were 1 -4  months. Only 38.8 percent of the calves were watered at 

least 4 months of age. Majority (75 percent) of the calves were given water once 

per day.

5.3.2 Prevalence of serum antibody by ACZ and ranches

Figure 5.1 shows the prevalence of serum antibodies for T. parva, T. 

mutans and A. marginale and B. bigemina by ACZs. The prevalence of T. parva 

was significantly (p < 0.05) higher in ACZ IV than in ACZ V but not between ACZ 

IV and ACZ VI or ACZ V and ACZ VI. The prevalence of T. mutans was 

significantly (p < 0.05) lower in ACZ IV than in ACZs 5 and 6. The prevalence of 

A. marginale was relatively high ( > 60 percent) while that of B. bigemina was 

relatively low ( < 30 percent) in all the three ACZs. However, there no significant 

differences in the prevalence of the two parasites between ACZs.

Figure 5.2 shows the prevalence of serum antibodies to T. parva, T. 

mutans and A. marginale and B. bigemina by ranches. In ACZ IV, Olosho Oiborr 

had significantly (p < 0.05) higher prevalence of T. parva antibodies than in
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□  Theileria parva □ Theileria mutans □  Anaplasma marginale 0  Babaesia bigemina

Figure 5.1 Prevalence of serum antibodies (95 percent confidence limits) for 
Theileria parva, Theileria mutans, Anplasma marginale and Babesia bigemina by 
ACZ in Kajiado District (Cross-sectional study, November 1999-January 2000)
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Figure 5.2 Prevalence of serum antibodies (95 percent confidence limits) 
mutans, Anaplasma marginale and Babesia bigemina by ram 
(Cross-Sectional study, November 1999-January 2000)
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Shompole. However, Shompole had significantly (p < 0.05) higher prevalence 

for A. marginal antibodies than Olosho O iborr.

In ACZ V, there were no significant (p < 0.05) differences between 

Olodonyo Orok and Emarti es in the prevalence of antibodies to the four 

parasites In ACZ VI, Nentanai had significantly (p < 0.05) higher prevalence of 

T. parva antibodies than in Kuku ‘B’ while the prevalence for T. mutans 

antibodies was significantly (p < 0.05) higher in Kuku’B’ than in Nentanai. The 

prevalence of serum antibodies for B. bigemina did not significantly (p < 0.05) 

differ among ranches.

5.3.3 Prevalence of serum antibody by calf age

The patterns and distribution of serum antibodies prevalence by calf 

age for T. parva, T. mutans, A. marginale and B. bigemina for the six es are 

shown in appendices 5.1-5.4. There were variations in the prevalence and 

patterns of distribution of serum antibodies by age for all four haemoparasites 

among and within ranches. The prevalence of serum antibodies for T. parva 

was 80 percent in calves that were one month old in Olosho Oiborr and 

Nentanai ranches but zero in Shompole and Emarti ranches for the same 

age ranches (Appendix 5.1). In Emarti, all calves less than five months old 

tested negative for serum antibodies to 7*. parva.

There was no definite pattern of distribution of serum antibody 

prevalence by ago for T. mutans across the six ranches (Appendix 5.2). 

Calves in Olodonyo Orok, Nentanai and Kuku ‘B’ ranches had relatively high 

prevalence of serum antibodies for T. mutans for all ages compared to their 

counterparts in Olosho Oiborr, Shompole and Emarti ranches. In Shompole ,
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the prevalence of serum antibodies to A. marginale was 80 percent in one 

month old calves and remained persistently high up to 12 months of age 

(Appendix 5.3). Similar trends were observed in Nentanai and Kuku ‘B’ 

ranches except that relatively low prevalence was observed in calves that 

were one to two months old in the latter sites.

Serum antibodies prevalence for B. bigemina by age in Kuku ‘B’ was 

highest (100%) in one-month-old calves, declined in three-month-old calves 

and then gradually increased up to the eighth month of calf age (Appendix 

5.4). Another drop was observed in 10-month-old calves but peaked again in 

the 11 and 12 months old calves. Generally, the serum antibody prevalence 

for B. bigemina was below 60 percent for all ages in Olosho Oiborr and 

Olodonyo Orok ranches. Surprisingly, there were no serum antibodies for B. 

bigemina in calves aged seven to eleven months in Nentanai.

5.3.4 Herd prevalence of serum antibodies

The distribution of serum antibody prevalence for T. parva, T. mutans, 

A. marginale and B. bigemina within in herds and among ranches is shown in 

Appendix 5.5. There were wide variations in prevalences of serum antibodies 

within herds within and between ranches. Majority of the herds in Olosho 

Oiborr had moderate to high prevalence of serum antibodies to T. parva 

(Appendix 5.5). Relatively high proportions of herds in Emarti, Kuku B and 

Shompole es (71 percent) had a low prevalence (0 -  30 percent) of serum 

antibodies for T. parva. A high prevalence (71-100 percent) of serum 

antibodies for T. parva was observed in Olosho Oiborr (45 percent of herds), 

Olodonyo Orok (29 percent of herds) and Nentanai (22 percent of herds).
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Over 80 percent of herds in Kuku ‘B’ and Olodonyo Orok es had high 

prevalence (71-100 percent) of serum antibodies for T. mutans compared to 

25 percent in Emarti and 11 percent of herds in Nentanai es (Appendix 5.5).

Except in Olosho Oiborr where a high proportion of herds had low to 

moderate prevalence ( 0 - 7 0  percent) of serum antibodies for A. marginale, 

majority of herds in other sites had relatively high prevalence (71 -  100 

percent) of serum antibodies for the same parasite (Appendix 5.5c). The 

proportion of herds with a high prevalence of serum antibodies for A. 

marginale was highest in Shompole (86 percent), followed by Olodonyo Orok 

(71 percent), Emarti (63 percent), Kuku ‘B’ (63 percent) and Nentanai . Only 

18 percent of herds in Olosho Oiborr had a high prevalence of serum 

antibodies for A. marginale while 36 percent of the herds had low prevalence 

of serum antibodies for the same parasite. A high proportion of herds 

sampled in each of the ranches had a low prevalence of serum antibodies for 

B. bigemina (86 percent for Shompole , 78 percent for Nentanai , 71 percent 

for Olodonyo Orok , 64 percent for Olosho Oiborr , 50 percent for both Kuku 

‘B’ and Emarti es) (Appendix 5.5).

5.3.5 Factors associated with serum antibody prevalence of TBDs

Table 5.4 shows that ACZ, grazing system, use of chemical and ash to 

clean the calf pen, mean calf herd size per household and age at first grazing 

of natural pasture were significantly associated with prevalence of serum 

antibodies to T. parva. Calves in ACZ V had significantly (p = 0.001 lower) 

prevalence for T. parva compared to calves in ACZ VI from the OLR model 

but the difference was insignificant (p = 0.15) after adjusting for the clustering
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Table 5.4 Variables associated with T. p a rv a  serum antibody prevalence from the multivariate 
analysis (Ordinary Logistic Regression (OLR) and Generalized Estimated Equations (GEE) 
models) for 729 calves in Kajiado District, Kenya (Cross-sectional study, November 1999 - 
January, 2000).______________________

OLR GEE
Variable b Se (b) P-

value
b Se (b) P-

value
a) A gro-C lim atic  Z o n e  (ACZ) 

ACZ IV (1), ACZ VI (0) -0.20 0.24 0.395 -0.04 0.30 0.90
ACZ V (1), ACZ VI (0) -0.78 0.23 0.001 -0.53 0.37 0.15

b) Farm leve l va riab les  

Grazing system 
communal (1), individual (0) -1.07 0.21 <0.0001 -1.27 0.24 <0.0001

Chemical used to clean calf pen 
Ash (1), none (0) -1.52 0.77 0.047 -1.20 0.68 0.080

Insecticide (1), none (0) -2.29 0.71 0.001 -1.94 0.59 0.0009

Calf herd size
11-30 calves (1 ),<11 calves (0) -0.46 0.28 0.097 -0.33 0.32 0.297

31-60 calves (1 ),< 11 calves (0) -1.17 0.32 0.0002 -1.10 0.52 0.033

Age at first grazing on pasture 
< one month (1), > 3 months (0) -2.23 0.65 0.0006 -1.99 0.58 0.0006

1-2 months (1), > 3 months (0) -2.08 0.63 0.0010 -1.81 0.56 0.0012

c) Calf leve l va riab les  

Breed
Crosses (1), Maasai zebu (0) 0.03 0.23 0.912 -0.05 0.20 0.939

Exotic (1), Maasai zebu (0) 0.21 0.43 0.627 0.38 0.46 0.410

Key: b -  parameter coefficient estimate

Se (b) -  standard errer of the coefficient estimate
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of calves in herds within the same ACZ. Calves that were kept on communally 

owned land had significantly (p < 0.0001) low serum antibodies to T. parva 

than calves that were kept on individual land. The use of ash marginally 

significant at p = 0.047) and chemicals (pesticides) (p < 0.001) was 

associated with significantly low prevalence to T. parva while calves that were 

kept together in groups of herds whose sizes was greater than 30 had 

significantly (p = 0.0002) low prevalence to T. parva.

Calves that started grazing on natural pasture at the age of less than 

three months had significantly (p = 0.001) lower serum antibody prevalence of 

T. parva than calves that started grazing on natural pastures later than three 

months of age. None of the calf variable listed in Table 5.2 was significantly 

associated with prevalence of T. parva.

The variables associated with prevalence of serum antibodies for T. 

mutans are shown in Table 5.5. The prevalence of serum antibodies to T. 

mutans was significantly lower (p < 0.0001) in ACZ IV than in ACZ VI. Calves 

that had access to colostrum milk within the first six hours after birth had 

significantly (p < 0.0001) higher serum antibody prevalence than those that 

suckled more than six hours after calving. Suckling once per day was 

significantly (p = 0.0016) associated with higher serum antibody prevalence 

than those that suck twice per day. At least once per month spraying of calves 

was associated with significantly (p = 0.014) lower serum antibody prevalence 

of T. mutans.

Among the calf variables listed in Table 5.2, only calf age was 

significantly associated with prevalence of serum antibodies to T. mutans. 

Table 5.5 shows that older calves (10-12 months old) had significantly
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Table 5.5 Variables associated with T. 
multivariate analysis (Ordinary Logistic 
Equations (GEE) models) for 729 calves

m utans serum antibody prevalence from the 
Regression (OLR) and Generalized Estimated 
in Kajiado District, Kenya (Cross-sectional study,

Variable OLR GEE
b Se (b) p-value b Se (b) p-value

a) Agro-C lim atic  Z o n e  (ACZ) 

ACZ IV (1) vs ACZ VI (0) -1.63 0.23 <0.000 -1.63 0.26 <0.0001
ACZ V (1) vs ACZ VI (0) -0.18 0.22 0.397 -0.18 0.25 0.470

b) Farm leve l va riab les  

Colostrum feeding method 
Assisted suckling (1), free -0.54 0.26 0.039 1.35 0.15 <0.0001
suckling (0)

Time of colostrum feeding 
at birth
<6 hours after birth (1), 1.35 0.64 0.030 1.35 0.15 <0.0001

> 6 hours after birth (0) 
Suckling frequency 
Once per day (1), twice per 0.77 0.29 0.009 0.76 0.24 0.0016

day(0)
Frequency of tick control 
At least once per month (1), 

when tick burdens high (0) -0.78 0.34 0.023 -0.79 0.32 0.014

c) C alf leve l va riab les  

Calf age
4-6 months (1), <4 months (0) 0.23 0.23 0.313 0.23 0.18 0.191

7-9 months (1),<4 months (0) -0.02 0.27 0.954 -0.02 0.25 0.944

10-12 months(1),<4 month (0) -0.63 0.33 0.060 -0.63 0.28 0.028

Breed
Crosses (1), Maasai zebu (0) -0.05 0.19 0.810 -0.05 0.37 0.866

Exotic (1), Maasai zebu (0) 0.15 0.41 0.714 0.15 0.39 0.711

Key: b — parameter coefficient estimate

Se (b) -  standard errer of the coefficient estimate
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(p-0.028) lower prevalence of serum antibodies to T. mutans than calves that 

were less than 4 months old.

From the OLR model, the prevalence of serum antibodies to A. 

marginale was significantly (p = 0.045) higher in calves that were kept in 

individual land than those that were kept in communally owned land. 

However, the association was not significant (p=0.109) after adjusting for 

clustering effects using the GEE model (Table 5.6). Calves that had access to 

colostrum within the first six hours after birth had significantly (p < 0.0001) 

higher serum antibody prevalence to A. marginale than those that suckled 

more than six hours after calving. Frequent spraying (at least once per week) 

was associated with significantly (p=0.012) lower serum antibody prevalence 

of the parasite.

Calves that were provided water by pail or bucket had significantly 

(p=0.015) lower prevalence of serum antibodies to A. marginale than calves 

that were trekked to the watering point In addition, calves that started trekking 

to distant watering points when aged 1-6 months of age had significantly 

lower prevalence of serum antibodies to A. marginale than calves that were 

trekked to the same points at the age of less than one month.

Table 5.7 shows the variables that were associated with prevalence of 

antibodies to B. bigemina. The results confirm earlier report that there were no 

difference in the prevalence of serum antibodies to B. bigemina at the ACZ 

and ranches (Figures 5.1 and 5.2) Calves from farms that started tick control 

after 3 months of age had significantly (p=0.002) lower serum antibody 

prevalence for B. bigemina (Table 5.7). The prevalence of serum antibodies to 

a  bigemina was significantly lower for older calves than for younger ones (p <
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Table 5.6 Variables associated with A. m arg in a le  serum antibody prevalence from the multi
variate analysis (Ordinary Logistic Regression (OLR) and Generalized Estimated Equations 
(GEE) models) for 729 calves in Kajiado District (Cross-section study, November 1999 - 
January, 2000).______________________

OLR GEE
Variable

b Se (b) p-value b Se (b) p-value
a) Farm leve l va ria b le s  

Grazing system 

Individual (1), communal (0) 0.38 0.19 0.045 0.37 0.23 0.109
Time of colostrum feeding 

< 6 hours after birth (1), 1.56 0.63 0.013 1.54 0.32 0.0001

> 6 hours after birth 
Frequency of tick control 

At least once per week (1), -1.05 0.45 0.021 -1.07 0.42 0.012

when tick burdens are high (0) 
Age at first tick control 
1-2 month (1), > 3 months (0) -0.51 0.29 0.074 -0.52 0.27 0.050

<one month (1),> 3 months (0) 0.06 0.41 0.882 0.07 0.39 0.859

Age when distant watering 
starts
1-2 months (1), <one month (0) -0.72 0.45 0.111 -0.74 0.27 0.006

3-4 months (1), <one month (0) -0.80 0.46 0.083 -0.78 0.24 0.001

5-6 months (1), <one month (0) -0.77 0.46 0.0001 -1.76 0.26 0.0001

7-9 months (1), <one month (0) -0.41 0.49 0.394 -0.42 0.29 0.152

Watering method 
Pail/bucket (1), trekked to the -0.80 0.31 0.009 0.80 0.33 0.015

watering point (0)

Key: b — parameter coefficient estimate

Se (b) -  standard errer of the coefficient estimate
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Table 5.7 Variables associated with B. b igem ina serum antibody prevalence from the 
multivariate analysis (Ordinary Logistic Regression (OLR) and Generalized Estimated 
Equations (GEE) models) for 729 calves in Kajiado District, Kenya (Cross-sectional study, 
November 1999 - January, 2000)._____________________________________ __

OLR GEE

Variable b Se (b) p-value b Se (b)
P-
value

a) Farm leve l va riab les  

Age at start of tick control 
1-2 months (1), > 3 months (0) 0.19 0.12 0.099 0.08 0.24 0.722

<one month (1), > 3 months (0) -0.41 0.14 0.002 -0.53 0.27 0.046

b) Calf leve l va riab les  

Calf age
4-6 months (1), <4 months (0) -0.38 0.13 0.004 -0.39 0.23 0.096

7-9 months (1), <4 months (0) -0.01 0.16 0.946 -0.04 0.32 0.900

10-12months (1),<4 months (0) 0.32 0.20 0.102 0.27 0.26 0.291

Sex
Female (1), male (0) 0.21 0.09 0.015 0.39 0.14 0.006

Key: b -  parameter coefficient estimate

Se (b) -  standard errer of the coefficient estimate
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0.004) while female calves had significantly higher (p=0.006) prevalence of 

serum antibodies to B. bigemina than male calves.

5.4 DISCUSSION

In this section of the study, the emphasis was on prevalence of tick- 

borne diseases, especially East Coast Fever (ECF) or theileriosis, because 

apart from being ranked the highest in the RRA by the pastoralists, the 

disease was expected to have the greatest impacts on calf health and 

production. East Coast fever is caused by T. parva and transmitted by the 3- 

host tick, R. appendiculatus. Control of this disease is very expensive 

because of total reliance on the use of acaricide by Maasai pastoralists. In 

Kajiado District, the disease was compounded by the abundant presence of 

buffaloes, which are carriers of the virulent T. parva parasites of cattle 

(Grootenhuis, 1999). Other forms of bovine theileriosis such as T. mutans and 

T. taurotragi are mostly benign and economically unimportant. However, 7. 

mutans reportedly causes anaemia and poor growth rate in calves (Norval et 

al., 1992) and the economic impacts of iton calf health and production 

requires further investigations.

Anaplasmosis caused by Anaplasma marginale is an acute, sub-acute 

or chronic disease that is biologically transmitted by the blue tick, Boophilus 

decoloratus, and mechanically by biting flies, fomites (needles and other 

surgical instruments). While pastoralists could easily underestimate the 

disease from the clinical signs, it was highly prevalent from the cross-sectional 

survey. The disease responds well to oxytetracyclines injections and is
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relatively easier to manage compared to ECF. Moreover, calves have an 

innate immunity which wanes off in adulthood (Young, 1987).

The other disease that was investigated was Babesiosis or red water 

caused by Babesia bigemina. The disease is characterised by extensive 

destruction of red blood cells leading to anaemia, jaundice and 

haemoglobinuria (Young and Morzaria, 1986). In Kenya, the disease is 

transmitted by B. decoloratus (Blue tick). Just like in anaplasmosis, there is 

reverse age immunity where calves are more resistant to the disease than 

adult cattle. The disease had comparatively low mean serum antibody 

prevalence across the six ranches.

This study has shown that there was wide variation in sero-prevalence 

of T. parva, T. mutans, A. marginale and B. bigemina across ACZs and 

ranches suggesting the existence of different ‘’epidemiological statuses” for 

the four parasites in Kajiado District. Sero-prevalence has been used to 

determine the presence and degree of endemic stability and or instability in 

herds for TBDs (Norval et a!., 1992). Endemic stability exists where sero- 

prevalence to the infection is high (greater than 70 percent), while in endemic 

instability status sero-prevalence is low (less than 30 percent) (Gitau, 1997). 

Majority of the herds that were investigated in this study were in a state of 

"endemic instability” and therefore highly susceptible to TBDs. This is unlike 

the neighbouring semi arid Trans-Mara District where endemic stability was 

reported (Moll et al., 1986). Differences in variation of sero-prevalence for the 

parasites between ACZs, ranches and farms could result in differences in 

production loss among ranches and farms within each ranches.
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The variations in sero-prevalence of TBDs between ACZs were 

possibly due to environmental factors that affect the distribution of vectors of 

TBDs. In the relatively higher altitude areas such as those found in ACZ IV, 

higher numbers of R. appendiculatus ticks are present while higher numbers 

of Boophilus and Amblyomma species are present in the lower atltitude areas 

commonly found in ACZ V and VI (Norval et a i, 1992). However, variations of 

serum antibody prevalence between ranches within ACZ and among farms 

within ranches suggest calf management other than environmental factors 

were more important determinants of sero-prevalence of TBDs in the district. 

In ACZ IV, the prevalence of serum antibodies to T. parva was significantly 

higher in Olosho Oiborr (subdivided) than in Shompole ranches

(unsubdivided). Pastoral communities practice rotational grazing to control 

parasites in their herds (personal observations). Shompole and Kuku B’ 

ranches were unsubdivided and vast which allows more extensive grazing of 

animals compared to the relatively small and subdivided Olosho Oiborr and 

Nentanai ranches.

Majority (98 percent) of farms sampled frequently sprayed (2-4 times 

per month) their calves against TBDs form as early as one month old. 

However, the method of acaricide application was highly ineffective due to 

poor restraint of animals (Personal observations). It is possible that the 

relatively high frequency of spraying calves against ticks prevented the build 

up of a certain threshold tick burdens necessary to infect calves and thus 

induce production of protective antibodies. This could possibly explain the 

relatively low prevalence of TBDs observed in majority of the herds

investigated in this study.
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Maasai pastoralists use tetracycline to treat a wide variety of livestock 

diseases including theileriosis. While they would report mixed responses to 

treatment, the RRA report indicated that they lacked skill in disease diagnosis. 

In deed, Oldikana (commonly used name for theileriosis in Kimaasai) could be 

a broad spectrum of diseases with related clinical signs including anorexia, 

high temperature, dullness, raising of the hair and swollen superficial lymph 

nodes. In places where trypanosomosis occurs together with theileriosis such 

as Shompole and Kuku’B' (Chapter four) the two diseases can easily be 

confused from the clinical signs. In some cases, the treatment was not 

specific but was given to treat a wide spectrum of suspect disease (personal 

observations). This is drug abuse and could easily result in the development 

of microbial resistance. Currently, Buparvaquone (ButalexRi Pitman-Moore^, 

is the drug of choice for treating theileriosis (Muraguri et a!., 1999). However, 

few pastoralists can afford to purchase the drug because of its high cost.

There were other management variables that identified herds with high 

sero-positivity but the biological association between these variables and the 

disease was not clear. These variables select calves that are managed 

differently from the lower sero-prevalence herds within the same ranches. 

However, the association was not apparently cause and effect. It is hereby 

proposed that there are other management or local environmental variables 

that are having a true biological association with the disease. For example, 

the differences in sero-prevalence between sexes of calves for B. bigemina 

was possibly due to differences in management of females and males such 

as more milk being given to female. Hence a higher intake of maternal 

antibodies through colostrum.
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Unexpectedly, this study did not record significant differences in 

prevalence of serum antibodies among breeds. This is because several 

workers have frequently reported that exotic breeds and their crosses with 

local Zebu were more susceptible to T. parva infection than the pure 

indigenous Zebu (Fivazef a/., 1992; Mwangi eta!., 1998; Bakheit etal., 2002). 

Data on disease prevalence should be combined with mortality data (Chapter 

seven) for better interpretation of results on breed susceptibility.

Generally, case fatality rates from ECF in untreated exotic cattle can 

approach 100 percent while mortality of indigenous cattle is relatively low 

(Norval et a!., 1992) although calf growth is often severely impaired (Moll et 

al., 1984). This study proposes that calves should be immunised against ECF 

at around 1-2 months of age. This is the age when maternal antibodies start 

waning. It is also the stage when calves start oing out to the pastures for 

grazing and or watering point thereby getting exposed to ticks and TBDs.

In conclusion, the study suggests that different endemic states may 

exist in pastoral herds in Kajiado District for TBDs and these may result in 

different production losses. The important variables associated with varying 

levels of "endemic status” were ACZ, grazing management system and calf 

management practices at farm level and calf age. Among the important calf 

management practices that affected the "endemic status” of calves included 

exposure variables such as calf feeding practices (colostrum feeding, grazing 

system and watering methods) and frequency of tick control. The results also 

suggest that although majority of Maasai pastoralists frequently sprayed 

calves against ticks the method used was not effective. Efforts geared 

towards improved cost-effective control of TBDs in pastoral systems should
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include education and demonstrations on appropriate acaricide application. 

Alternative methods of tick control such as immunization against theileriosis 

should be also explored. Clearly, it is not possible to estimate the potential 

benefits of improved tick control methods based purely on the results of a 

cross-section study. Data on incidence and loss of production associated with 

disease infection can only be obtained from a longitudinal study. The results 

of this study were used as baseline information for designing a longitudinal 

study whose results will be reported in Chapters six and seven.
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CHAPTER SIX

FACTORS ASSOCIATED WITH DAILY WEIGHT GAIN OF CALVES IN 

MAASAI PASTORAL SYSTEMS IN KAJIADO DISTRICT, KENYA

6.1 INTRODUCTION

The productivity of indigenous cattle in Maasai pastoral systems is low 

relative to that of their crosses with exotic breeds (Gregory et al., 1984; Trail 

et al., 1984; Syrstad, 1996). The factors that have been associated with low 

production include high calf mortality and sub-optimal calf growth caused by 

poor nutrition and the high incidence of disease (Lambourne et al., 1983; 

Traore and Wilson, 1988).

Maasai pastoralists practice partial milking of animals in the morning 

before they leave the boma (temporary enclosure) and on return in the 

evening (Semenye, 1987). This practice leads to low calf growth from birth to 

weaning resulting in delayed maturity of the calves (Cossins, 1983). However, 

no studies on the effect of varying the regime of calf suckling have been 

reported for Maasai pastoral herds. However, a few studies have reported the 

effects of dietary supplementation on calf growth in pastoral systems. An 

example is a 90-day trial that was designed to compare the growth 

performance of calves on three dry-season diets comprising of local 

resources from the Boran pastoral system (Coppock, 1994). The study s 

objective was to observe whether modest changes in traditional feeding 

management could enhance nutrient intake and growth of calves under
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conditions of restricted water access. The control ranchesreceived a 

traditional diet of cut-and-carry, standing-brown grass while the other diets 

consisted of grass hay stored since the previous wet season with or without 

Acacia tortilis fruits as protein supplements. All calves had access to water 

once every three days as was traditional. The hay had a higher nitrogen 

content and in vitro digestibility than the standing grass, and the Acacia fruits 

had significantly higher nutrient concentrations than the hay. Calves on hay 

plus Acacia fruits had significantly higher nitrogen intakes than those on hay 

only, and those on hay only had higher nitrogen intakes than those on 

standing grass. Calves on standing grass lost weight and condition, those on 

hay only maintained weight but lost condition, and those on hay plus Acacia 

fruits gained weight and maintained condition. Calves consumed the most 

feed on day two of the watering cycle, regardless of treatment. Water intake 

increased 27 percent for animals on both hay diets compared to those on 

standing grass. Feeding packages based on haymaking and collection of 

browse legumes are appropriate options for semi-settled pastoralists.

Exotic breeds of cattle have been used to upgrade local indigenous 

cattle as a strategy for improving calf growth rates in pastoral systems 

(Syrstad, 1996; Muhuyi et al., 2002). Growth records of 621 West African 

Shorthorn (WASH) and 3 grades of Jersey x WASH crossbreds were used to 

analyze for the effects of the level of Jersey breeding on birth weight, 205-day 

weaning weight and average daily gsin (ADG) (Ahunu et ai, 1993). The study 

showed that crossbred calves were significantly heavier at birth than purebred 

WASH and birth weights increased with increasing level of Jersey breeding
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while no significant differences were observed for 205-day weaning weight. 

However, ADG declined with increasing level of Jersey breeding suggesting 

possible problems of adaptation for calves of over 75 percent Jersey 

breeding. Age of dam was significant and linear for birth weight and significant 

for weaning weight and ADG, with values increasing from 3-year old dams to 

a peak in 7-year-old dams.

In Kajiado District of Kenya where the predominantly Maasai pastoral 

community keep indigenous cattle for subsistence, the body weights of calves 

at birth, one, two, three, four, seven, and eighteen months of age were 19.2, 

28.4, 35.2, 41.4, 47.5, 64.4, and 132.8 kg, respectively (Semenye, 1987). 

Semenye and Chabari (1980) reported that and breed were consistently 

sources of variation of body weight. The majority of calves that survive up to 

one year were characterised by stunted growth, low body weight and delayed 

sexual maturity (de Leeuw et al., 1991). In another study in the neighbouring 

semi arid district of Trans Mara, it was reported that Zebu calves that had 

been raised in an area that was endemic for theileriosis had a mean birth 

weight of 17.5 kgs and an average six-month weight of 53.4 kgs (Moll et al., 

1986). Low weight gains were associated with patent T. mutans infections and 

acute T. parva infections.

Although upgrading of indigenous Maasai Zebu has been on the 

increase in Kajiado District, there is paucity of data on factors that influence 

calf growth rate in Maasai pastoral systems. The objective of this study was to 

estimate and identify causes of slow growth rates of calves in Maasai pastoral 

systems in Kajiado District, Kenya.
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6.2 MATERIALS AND METHODS

6.2.1 Study area and selection of study herds

The study was conducted in Kajiado District among the Maasai 

pastoral farmers. Detailed description of the study area and methods used to 

select the study herds are described in chapter three.

6.2.2 Body weight measurements and condition scoring

Body weight and heart girth measurements were taken early in the 

morning (between 07:00 and 08:00 a.m.) before the calves were watered 

and/or allowed to graze. This was done for all calves that were less than 13 

months of age at every visit. Each calf was made to stand in an upright 

position and then, the circumference (cm) of the heart girth was measured 

using a tape. The corresponding body weight estimates (kg) were read 

directly on the measuring tape and tabulated. Calves were tied around the 

abdomen and then suspended on a Salter Scale Balance (Avery, Kenya Ltd) 

which was hanging on a tripod stand (The scale was calibrated to weigh 

objects of upto 150 kgs). Body weight measurements were read directly from 

the weighing scale and recorded to the nearest 0.5 kg live weight. For the 

purpose of estimating the body weight at birth, any weight of a calf that was 

recorded within the first week of life was taken to be the birth weight. Only 

body weight measurements from the Avery scale were used to compute the

average daily weight gain (ADWG).

Body condition was assessed on a four-point scale as follows: 1 (one) 

or very poor for a calf that was emaciated, very weak, possibly ill and showing 

prominent hip bones; 2 (two) or fair for a weak calf that was thin but not
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emaciated, 3 (three) or good for a calf with good muscle cover but not fat; and 

4 (four) or fat for a calf with very good muscle and fat cover (Modified from 

Nicholson and Sayer, 1987).

6.2.3 Data handling and storage

Data files of questionnaires and laboratory results were prepared in 

Microsoft Access and analysed using Statistical Analysis Systems (SAS,

1985) Institute Inc., Cary, NC. Factors associated with calf growth rates were 

considered and were generally grouped at three levels, namely, , farm and 

calf levels.

6.2.4 Data analysis

6.2.4.1 Outcome variable

The outcome variable of interest was average daily weight gain 

(ADWG). It was calculated as the difference between body weights of two 

consecutive visits divided by the number of days between the visits. The 

inter-visit period for repeated observations of individual calf varied between 1- 

4 months. The missing data were caused by re-location or withdrawal and / 

or re-entry of calves into the study (Appendix 7.4). In addition, no calf 

observations were made in the month of July 2001 because no visits were 

made to the es due to some logistic problems.

In order to associate ADWG with a particular explanatory variable, two 

consecutive ADWG measurements whose inter-visit period was too long were 

not included in the analysis. Seroconversion was used as an indicator of 

exposure to T. parva, T. mutans, A. marginale or B. bigemina. A calf that
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seroconverted to any of the parasites during the current visit was considered 

to have been exposed during the period between the previous sampling and 

the current one. For example, an ADWG calculated over the last four months 

would not reflect the effect of seroconversion that took place during the last 

two months. Therefore it was decided to accept the loss of observations and 

use only ADWG data that were calculated over a one or two visit gap 

(approximately two months). Elimination of the observations with days more 

than two months resulted in a total of 1294 calf observations.

6.2.4.2 Explanatory variables

The potential explanatory variables associated with ADWG 

investigated in this study are listed in tables 6.1 and 6.2, respectively. 

Explanatory variables for ADWG were grouped into ranches, farm visit- 

specific, fixed and visit-specific calf variables. Farm visit specific variables 

were maximum calf herd size during sampling period, season, pasture 

condition and calf management practices (nutrition, housing, grazing, 

watering). Calf fixed factors were sex, breed and initial body weight. Breed 

was categorized as Maasai Zebu, crosses (crosses of Maasai Zebu with 

Borans or Sahiwal) and exotic (pure Boran or Sahiwal). Calf visit-specific 

variables included age, clinical diagnosis of any sickness, clinical diagnosis of 

specific sicknesses (theileriosis, anaplasmosis, babesiosis, helminthosis and 

ringworms), serology (absolute PP values of serum antibody titres, 

seropositivity and seroconversion status for T. patva, T. mutdns, A. marginala 

and B. bigemina during the current and previous visits (lag)).
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6.2.4.3 Descriptive Statistics

Descriptive statistical analysis was used to explore both continuous 

and categorical variables and the associations between them. Estimates of 

body weight (mean and standard deviation) were calculated at birth, three, 

six, nine and 12 months for all the calves and separately for each ranches. 

The patterns of calf growth were explored by plotting individual calf-growth 

curves in multiple-plot trellis of graphs for each farm. Thus, line graphs were 

plotted for body weight and ADWG against calf age in S-Plus for all calves 

stratified by farm.

6.2.4.4 Simple and multi-variable regression models

Associations between the ADWG and various explanatory variables 

were explored as uni- or multivariable models with ranches and age using 

PROC GLM. Data were classified by ranches, farm and calf identity. First, 

ranches was forced into the model. Then the relationship between age and 

daily weight gain was explored graphically by comparing transformed 

(quadratic and cubic) fits of age to daily weight gain with a plot of observed 

average daily weight gain by age in months. Thereafter, associations 

between ADWG and each possible explanatory variable were evaluated by 

adding the variable to a linear model with ADWG as the outcome and the 

explanatory co-variables: ranches, age, age square and age cubed.

The possible interactions of each explanatory variable with ranches 

were also assessed in the same way. Associations between the outcome 

variables and the explanatory variables for the univariate analysis were
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considered significant if the test of significant of the type III sums of squares 

was less than ten percent ( p<0.1).

For the multi-variate regression model, a full model which included 

ranches, plus the quadratic age structure and all univariate effects that were 

significant as described above (at least 10 percent or p<0.1) was constructed. 

The mean daily weight gain data were clustered in time and space. Using this 

full model, the SAS procedure PROC MIXED was employed to choose a 

variance-covariance structure that addressed the correlations between calves 

within farm and repeated weight measurements.. Farm was treated as a 

random effect and a variance component was estimated for farm. The 

correlations among repeated measures was estimated from different 

specifications of the correlation structure as allowed by PROC MIXED. First, 

model fitting was tried by specifying a compound symmetric (CS) in the 

repeated statement. The correlation estimate was the same regardless of the 

length of the inter-visit period between measurements and this was rejected. 

The autoregressive order one covariance (AR(1)) was then specified in the 

repeat statement and was found to have the desired property of correlations 

being larger for close measurements than for distant measurements. The 

final choice of variance-covariance structure was guided by comparison of 

model using Akaike’s Information Criteria (AIC) (Lancelot et a/., 2002). Having 

chosen a variance-covariance structure using the full model, the backward 

elimination method was used to generate the final model through elimination 

of non-significant variables from the full model using PROC MIXED. 

Associations between the outcome variable and the explanatory variables 

were considered significant at p<0.05.
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6.3 RESULTS

6.3.1 Descriptive statistics

A total of 1694 calf observations were made on 292 calves that were 

sampled from 23 farms (17 farms in Olosho Oiborr and six farms in 

Nentanai). Out of the total number of calves sampled, 36 percent (105/292) 

were from Olosho Oiborr while 64 percent (187/292) were from Nentanai . 

One hundred and sixty three were female calves while 129 were male calves. 

The distribution of breeds was 188 Maasai Zebu, 63 crosses of Maasai Zebu 

with Boran or Sahiwal and 41 pure breeds of Boran or Sahiwal.

Table 6.1 lists ranches and farm variables that were observed during 

this longitudinal study. Sixty-five-point-eight (65.8) percent of the calf 

observations were from Nentanai ranches. Sixty-point-seven (60.7) percent 

of the calf observations were made during the dry season while 76.6 percent 

of the observations were made when calves were on poor pasture conditions. 

Eighty-two point six (82.6) percent of the calf observations were made when 

calves were kept outside at night while 94 percent of the observations were 

made when calves were not housed during the day. Sixty four (64) percent of 

the observations were made on calves that were suckling at least twice in a 

day while only 33.3 percent of the observations were made on calves that had 

ad libitum water intake.

Table 6.2 is a list of calf-level variables that were observed during the 

longitudinal study. About 70 percent of the calves were more than 3 months 

old. Females comprised 56.6 percent of the calf observations. Slightly over 60 

percent of the observations were on crossbred calves. About 3.8 percent of
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Table 6.1 ranches and farm level factors associated with daily weight gain of 292 calves 
observed in a longitudinal study in Maasai pastoral systems in Kajiado District, Kenya 
(November, 2000 -  February, 2002)._______
Factor and level Number of calf Percent Daily weight gain (Kg)
______________________ Observations Mean sd
ranchesRanch
Olosho Oiborr 
Nentanai 

Season 
Dry 
Wet

Pasture condition 
Poor 
Good

Sprayed against ticks 
No 
Yes

Day housing 
None 
Outside

Suckling frequency 
Frequent 
Infrequent 

Watering frequency 
Ad libitum
Less than once per day 

None
Once daily 

Age start grazing 
No 
Yes

Fed crop residues 
No 
Yes

Distant grazing pastures 
No 
Yes

Restricted grazing 
No 
Yes

Housing during daytime 
Indoor or in-house 
None

Mineral supplementation 
Yes 
No

443
851

34.2
65.8

0.27
0.26

0.2
0.18

Key:

786 60.7 0.24 0.19
508 39.3 0.3 0.16

991 76.6 0.25 0.19
303 23.4 0.31 0.15

169 13.1 0.25 0.17
1125 86.9 0.26 0.18

1132 94.3 0.25 0.18
69 5.7 0.38 0.17

144 64 0.27 0.18

81 36 0.13 0.19

406 33.3 0.33 0.15

450 36.9 0.2 0.17

48 3.9 0.35 0.13

317 26 0.25 0.2

800 61.8 0.26 0.19

494 38.2 0.27 0.18

1183 96.1 0.26 0.18

48 3.9 0.2 0.21

1200 97.7 0.26 0.18

28 2.3 0.17 0.19

65 28 0.27 0.18

167 72 0.26 0.18

208 17.4 0.26 0.19

988 82.6 0.26 0.19

685 56.1 0.27 0.16

535 43.9 0.25 0.21

eviation

lU H lV W ilT y NA1HD8I

_ K A K \ f.±_ u iS k s K Y
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Table 6.2 Calf level factors associated with daily weight gain of calves observed from a 
longitudinal study in Maasai pastoral systems, Kajiado District, Kenya (November 2000 -  
February 2002).______________________ _ _______________________
Factor and level Number of calf 

Observations
Percent Daily weight gain (Kg) 

mean sd
Age group

Up to 3 months 363 28.1 0.31 0.14
>3 months 931 71.9 0.24 0.2

Age category
Up to 3 month 363 28.1 0.31 0.14
4-6 months 489 37.8 0.27 0.18
7-9 months 327 25.3 0.25 0.21
10-12 months 115 8.9 0.13 0.2

Sex
Female 733 56.6 0.27 0.19
Male 561 43.4 0.26 0.17

Breed
Maasai zebu 293 22.6 0.24 0.18
Exotic 150 11.6 0.25 0.21
Crosses 851 65.8 0.27 0.18

Body condition score
Very thin 47 3.8 0.02 0.14
Fair 404 32.4 0.18 0.16
Good 761 61.1 0.31 0.16
Fat 433 2.7 0.23 0.2

T. parva seropositive
No 593 41.2 0.27 U.1 0
Yes 433 58.9 0.24 0.2

T. m utans seropositive

No 377 36.7 0.27 0.18

Yes 649 63.3 0.25 0.19

A. m arginale  
seropositive

No 332 32.4 0.26 0.18

Yes 694 67.6 0.25 0.19

B. bigem ina
seropositive

No 706 68.8 0.25 0.18

Yes 320 31.2 0.26 0.19

T. parva
seroconversion _ «

No 935 91.1 0.26 u. iy

Yes 91 8.9 0.19 0.18

T. m utans
seroconversion

932 90.8 0.26 0.19

Yes 94 9.2 0.29 0.17

sd = standard deviation
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Table 6.2 (continued....)

Factor and level Number of calf 
Observations

Percent Daily weight gain (Kg)
mean sd

A. m arginale  
seroconversion 

No 932 90.8 0.26 0.18
Yes 94 9.2 0.17 0.21

B. bigem ina  
seroconversion 

No 952 92.8 0.26 0.18
Yes 74 7.2 0.18 0.22

Lag T. parva  
seroconversion 

No 917 93.1 0.26 0.19
Yes 68 6.9 0.21 0.19

Lag T. m utans  
seroconversion 

No 910 92.4 0.26 0.18
Yes 75 7.6 0.17 0.2

Lag A. m arg ina le  
seroconversion

No 902 91.8 0.26 0.19
Yes 81 8.2 0.21 0.19

Lag B. b igem ina  
seroconversion

No 930 94.4 0.26 0.18
Yes 55 5.6 0.17 0.24

Any sickness 
No 848 65.5 0.28 0.18
Yes 446 34.5 0.23 0.18

Cause-specific
Theileriosis

No 1271 98.2 0.26 0.18

Yes 23 1.8 0.23 0.2
Cause-specific
Anaplasmosis

No 1194 92.3 0.27 0.18

Yes 100 8.7 0.15 0.2

Cause-specific
Helminthosis

No 1279 98.8 0.26 0.18

Yes 15 1.2 0.11 0.14

Cause-specific
Ringworm
No 1218 94.1 0.26 0.19

Yes 76 5.9 0.28 0.14

Feeding on Colostrum
1228 99.8 0.26 0.18

Yes 2 0.2 0.33 0.07

Key: sd = standard deviation
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the observations were made on very thin calves. The proportion of calf 

observations that were seropositive for T. parva, T. mutans, A. marginale and 

B. bigemina comprised 8.9 percent, 63.3 percent, 67.6 percent and 31.2 

percent, respectively.

The means of body weights (in kilograms) of calves at birth, 3, 6, 9 and 

12 months were 25.9+5.5, 46.2+11.7, 67.7+15.7, 89.8+21.2 and 104.5+23.1, 

respectively. The overall mean ADWG was 0.26+0.18 kg per day (minimum 

and maximum were -0.57 and 0.81, respectively) and the cubic function of 

age appeared a better fit for ADWG (Figure 6.1).

The ADWG of calves varied between farms (Figure 6.2) while 

individual calf body weights varied between and within farms (Figure 6.3). 

The results also show that calves that had low initial body weight were 

growing at lower rate than calves that started with high initial body weight 

(Figure 6.3).

6.3.2 Farm level variables associated with ADWG from the univariate 

models

Calves that were allowed to suckle frequently (more than once per day) 

had significantly (p = 0.026) higher ADWG than calves that suckled less than 

once per day (Table 6.3). Calves that were taken out for grazing as early as 

3-6 months of age had significantly (p=0.0505) lower ADWG than calves that 

were taken out to graze later than 6 months of age. Exploration of the 

interaction effect from addition of ranches showed that there was a
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Figure 6.1 Relationships between linear, quadratic and cubit fits for
average daily weight gain for calves in Maasai pastoral systems 
in Kajiado District (Longitudinal study, November 2000- February 
2002).
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Table 6.3 ranches and farm level factors significantly associated with ADWG from 
the univariate model for all sampled from Maasai pastoral systems in Kajiado District, 
Kenya (Longitudinal study, November 2000 - February 2002).__________________
Variable b Se (b) p-value

ranches
Olosho Oiborr (1), Nentanai (0) 0.03 0.01 0.01

Season
Dry (1), wet (0) -0.06 0.01 <0.0001

Pasture condition 
Good (1), poor (0) 0.04 0.01 0.0007

Calf herd size 0.01 <0.01 0.077
Day housing 

Indoors (1), outside (0) -0.1 0.02 <0.0001
Suckling frequency

Frequent (1), infrequent (0) 0.05 0.02 0.026
Watering frequency

Ad libitum (1), once daily (0) 0.08 0.01 <0.0001
Less than once per day (1), once daily (0) -0.04 0.01 0.008
None (1), once daily (0) 0.08 0.03 0.007

Age start grazing
3-6 months (1), > 6 months old (0) -0.03 0.02 0.051
Early start to grazing (3-6 months) in 
Olosho Oiborr (1), Nentanai (0) 0.05 0.02 0.03

Distance to grazing pastures 
Far (1), near (0) 0.08 0.04 0.076

Distant grazing pastures
Olosho Oiborr (1) vs Nentanai (0) -0.28 0.07 <0.0001

Grazing management
Unrestricted (1), restricted (0) 0.04 0.03 0.112
Unrestricted grazing management in 
Olosho Oiborr (1), Nentanai (0) -0.24 0.06 <0.0001

Mineral supplementation 
Yes (1), no (0) 0.02 0.01 0.02

Key: b -  parameter coefficient estimate

Se (b) -  standard errer of the coefficient estimate
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significantly (p 0.0289) higher decrease in Nentanai ranches than in Olosho 

Oiborr ranches.

Calves that were weaned and grazed in distant pastures in Olosho 

Oiborr ranches showed significantly (p < 0.0001) low ADWG compared to 

calves that were managed in the same way in Nentanai ranches. 

Supplementation of calves with mineral caused significant (p=0.0199) 

increase in the ADWG of calves. However, calves that were supplemented 

with crop residue at time of visit had lower ADWG but the effect was not 

significant (p=0.187). Unrestricted grazing of calves had positive strong 

effects in Nentanai ranches and strong negative effect in Olosho Oiborr 

ranches (p < 0.0001). Calves had significantly (p < 0.0001) lower ADWG 

during the dry than the wet season.Calves that had access to ad libitum 

supply of water had significantly (p < 0.0001) higher ADWG than calves that 

were watered once daily. Calves that had access to water less than once per 

day had significantly (p = 0.0083) low ADWG compared to those watered at 

least once per day. Calves that were housed inside (in-house) during the day 

had significantly (p < 0.0001) lower ADWG than calves that were left to roam 

freely either in the compound or in the olopololi (a reserve grazing paddock a 

few kilometres from the homestead).

6.3.3 Calf level variables associated with ADWG from univariate analysis

Increasing calf age was associated with decreased ADWG (p values 

for age, age squared and age cubed were < 0.0016, 0.0092 and 0.0002, 

respectively) (Table 6.4). Graphically there appeared to be some difference in 

the fit between ranches but the interaction terms for age and ranches were
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Table 6.4 Calf level factors associated with ADWG (univariate model) in 
Maasai pastoral systems in Kajiado District, Kenya (Longitudinal study, 
November 2000 -  February 2002). _________
Variable and categories b Se (b) p-value
Age -0.06 0.02 0.0016
Age2 0.01 <0.01 0.0019
Age3 <-0.01 <0.01 0.0002
Initial body weight <0.01 <0.01 <0.0001
Breed

Zebu(1), exotic (0) 0.01 0.02 0.715
Crosses (1 ), exotic (0) 0.03 0.02 0.046

PP values (absolute) 
T. parva <-0.01 <0.01 0.002
T. mutans <-0.01 <0.01 <0.0001
B. bigemina <0.01 <0.01 0.002
B. bigemina in Olosho Oiborr (1), 

Nentanai (0) <-0.01 <0.01 0.0009
T. parva seropositive 

Yes (1) , no(0) -0.03 0.01 0.004
T. mutans seropositive 

Y es(1 ), no(0) 0.04 0.02 0.017
A.marginale seropositive 

Olosho Oiborr (1), Nentanai (0) 0.07 0.03 0.007
B. bigemina seropositive 

Yes(1) , no (0) 0.03 0.03 0.038
B. bigemina seropositive

Olosho Oiborr (1), Nentanai (0) -0.07 0.02 0.004
T. parva seroconversion 

Yes(1) , no (0) -0.06 0.02 0.004
T. mutans seroconversion 

Yes(1) , no (0) -0.04 0.02 0.022
A. marginale seroconversion 

Y es(1 ), no(0) -0.12 0.03 <0.0001
A. marginale seroconversion 

Olosho Oiborr (1), Nentanai 
(0) 0.07 0.04 0.085

B. bigemina seroconversion 
Yes (1) , no (0) -0.05 0.02 0.012

Lag T. parva seroconversion 
Yes (1) , no (0) -0.13 0.03 <0.0001

Key: b -  parameter coefficient estimate

Se (b) — standard errer of the coefficient estimate
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Table 6.4 (continued.......... )

Variable and Categories b Se (b) p-value
Lag T. mutans seroconversion 

Yes (1), no (0) 0.12 0.04 0.004
Lag A. marginale seroconversion 

Yes (1), no (0) -0.09 0.03 0.002
Lag A. marginale seroconversion 

Olosho Oiborr (1), Nentanai 
(0)

c

0.11 0.04 0.01
Lag B. bigemina seroconversion 

Yes (1), no (0) -0.05 0.02 0.026
Packed red cell volume (pcv) 0.01 <0.01 <0.0001
Any sickness

Yes (1), no (0) -0.06 0.01 <0.0001
Theileriosis

Yes (1), no (0) -0.05 0.04 0.205
Anaplasmosis 

Yes (1), no (0) -0.12 0.02 <0.0001
Helminthosis 

Yes (1), no (0) -0.15 0.05 0.0008
Tick burdens 

B. decoloratus -0.13 0.06 0.016
R. appendiculatus -0.01 <0.01 <0.0001
R. appendiculatus in 

Olosho Oiborr (1) , Nentanai 
(0)

R. pulchelus
0.01 <0.01 <0.042
-0.01 <0.01 0.023

Total tick counts -0.01 <0.01 0.0002

Key: b -  parameter coefficient estimate

Se (b) — standard errer of the coefficient estimate
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not significant (p=0.67, 0.18, 0.15 for the linear, quadratic and cubic terms, 

respectively) so no age- ranches interaction was considered further.

There was no significant difference in ADWG between indigenous 

Maasai Zebu and exotic (either pure Sahiwal or pure Boran). However, 

crosses of Maasai Zebu with the exotic breeds (either Sahiwal or Boran) had 

significantly (p=0.046) higher ADWG. Calves that had higher initial body 

weight had significantly (marginally) (p <0.0001) higher ADWG than calves 

with lower initial body weight.

Calves that were sick (from TBDs or any other disease) had 

significantly (p < 0.0001) lower ADWG than calves that were healthy. Of the 

four major clinically diagnosed calf diseases (theileriosis, anaplasmosis, 

helminthosis and ringworms), only anaplasmosis (p<0.0001) and helminthosis 

(p < 0.0008) had a significant negative effects on ADWG. There was a 

negative and significant association between increasing PP values and 

ADWG for T. parva (p=0.002) and T. mutans (p<0.0001) while the association 

between increasing PP values for B. bigemina with ADWG was positive and 

significant (p=0.0021) (Table 6.4). Further, exploration of the interaction 

between increasing PP values for B. bigemina and ranches revealed that 

calves in Olosho Oiborr ranch had significantly lower ADWG than calves in 

Nentanai ranches (p=0.0009).

Calves that were seropositive for T. parva at the time of visit had 

significantly (p=0.004) low ADWG. Similarly calves that had seroconverted 

for T. parva had significantly (p= 0.004) lower ADWG. Calves that were 

seropositive for T. mutans at the time of visit had low but insignificant (p 

=0.1633) ADWG. However, calves that had seroconverted for T. mutans at
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the time of visit had significantly (p= 0.022) lower ADWG. Calves that had 

seroconverted to T. mutans in the previous visit had significantly (p <0.0001) 

lower ADWG. The interaction between ranches with seroconversion for T. 

mutans had significant (p = 0.0037) higher negative effect on ADWG in 

Nentanai than in Olosho O iborr..

The distribution of tick counts by species for Olosho Oiborr and 

Nentanai ranches are shown in Appendix 6.1. Compared to Olosho Oiborr, 

Nentanai had significantly (p < 0.05) higher mean of the total tick counts. 

Similarly, the total tick counts for A. gemma, A. variegatum, 8. decoloratus 

and R. pulchellus were significantly (p < 0.05) higher in Nentanai than in 

Olosho O iborr. The mean of tick counts of H. truncatum was significantly (p < 

0.05) higher in Olosho Oiborr than in Nentanai . The means of total tick 

counts for R. appendiculatus and R. evertsi were relatively higher in Olosho 

Oiborr than in Nentanai but the difference was not significant (p > 0.05).

An increase in total tick burdens was associated with significantly 

(p=0.0002) low ADWG of calves (Table 6.4). An increase in the number of 

individual tick species including R. appendiculatus, R. pulchelus and 8. 

decoloratus significantly lowered ADWG (p values were <0.0001, 0.023, 0.016 

for R. appendiculatus, R. pulchelus and 8. decoloratus, respectively). The 

decrease in ADWG associated with higher counts of R. appendiculatus and 

8. decoloratus was significantly (p=0.0422) higher in Nentanai than in Olosho 

Oiborr.

Calves that were seropositive for A. marginale at the time of visit had 

significantly (p =0.0168) low ADWG (Table 6.4). The interaction between A. 

marginale seropositivity and had significantly (p -  0.0067) higher effect in
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lowering ADWG in Olosho Oiborr than in Nentanai . Similarly, calves that 

had seroconverted for A. marginale at the time of visit had significantly (p < 

0001) lower ADWG. The interactive effect between ranches and 

seroconversion at time of visit for A. marginale significantly (p =0.085) lowered 

ADWG in Nentanai more than in Olosho Oiborr ranches. Calves that had 

seroconverted to A. marginale in the previous visit had significantly (p 

<0.0001) lower ADWG. Similarly, the interaction between ranches with 

previous visit’s seroconversion for A. marginale had a significant (p = 

0.0037) and more negative effect on ADWG but more so in Nentanai than in 

Olosho Oiborr . Calves that had seroconverted for A. marginale during a 

previous visit had significantly (p = 0.0024) low ADWG.

Calves that were seropositive for B. bigemina at the time of visit had 

significantly (p = 0.038) higher ADWG (Table 6.4). The interaction between B. 

bigemina seropositivity and had significantly (p = 0.004) higher effect in 

lowering ADWG in Olosho Oiborr than in Nentanai . Similarly, calves that 

had seroconverted for B. bigemina at the time of visit had significantly (p < 

0.0123) lower ADWG but the interaction between seroconversion for B. 

bigemina and ranches did not significantly affect ADWG. Calves that had 

seroconverted to B. bigemina in the previous visit had significantly (p <0.026) 

lower ADWG.

6.3.4 Variables associated with ADWG from the multi-variate analysis

Table 6.5 shows associations of fixed and random variables with 

ADWG of calves from a mixed model analysis of variance. The estimated 

variance within calves (same farms) was greater but significant (q2=0.024,
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Table 6.5 Fixed- and random-effects for a mixed model analysis of variables 
associated with average daily weight gain from 647 calf observations in Maasai 
pastoral systems in Kajiado District, Kenya (Longitudinal study, November 2000 -  
February 2002).
Variable Category b se(b) p-value

0.06 0.06 0.3
Olosho Oiborr (1), Nentanai
(0) 0.05 0.02 0.029

Restricted (1), free (0) 0.28 0.11 0.013
Restricted in Olosho Oiborr
(1), restricted in Nentanai
(0) -0.36 0.14 0.024
Good (1), poor (0 0.14 0.02 <0.0001
Wet (1), dry (0) 0.07 0.02 <0.0001
Near (<5km) (1), far (>5km)
(0) 0.15 0.05 0.005
Near (<5km) in Olosho
Oiborr (1), near (<5km) in
Nentanai (0) -0.36 0.07 <0.0001
Ad libitum (1), once daily (0) 0.07 0.02 <0.0001
Less than once (1), once
daily (0) -0.04 0.02 0.01
None (not started
watering)(1), once daily (0) 0.08 0.04 0.04

-0.06 0.03 0.248
0.01 0.01 0.111

<-0.01 <0.01 0.031
<0.01 <0.01 <0.0001

Crosses (1), Maasai zebu (0) 0.05 0.01 0.0008
Exotic (1), Maasai zebu (0) 0.03 0.02 0.085

Yes (1), No (1) -0.09 0.02 <0.0001

Yes (1), No (1) -0.06 0.02 0.0004
Yes (1), No (1) -0.06 0.02 0.011
Yes (1), No (1) -0.04 0.02 0.023

0.0003 0.0005 0.26
0.024 0.001 <0.0001

a) Fixed effects 
Intercept

ranches

Farm variables

Grazing

Pasture condition 
Season

Distance to pastures 
(relative to boma)

Watering frequency

Calf variables 
Age 
Age2 
Age3

Initial body weight 
Breed

Clinical disease 
Anaplasmosis 

Seroconversion 
status

TpConvert 
LagTmConvert 
Lag Am Convert

(b) Random effects 
Farm
Residual error

Key: b -  parameter coefficient estimate
Se (b) -  standard errer of the coefficient estimate
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p<0.0001) compared to the estimated variance within calves (different farms) 

which was insignificant (t2= 0 .0 0 0 3 , p=0.30). Out of the total variance 

observed in this study, the variance component attributed to farm level 

variables was 1.2% (or 0.0003/(0.0003+0.024)*100) while the variance 

component attributable to calf-level variables was 98.8% (or 

0.024/(0.0003+0.024)*100). The correlation between consecutive repeated 

measures of ADWG on the same calf was negative and significant (correlation 

was -0.174 and p=0.001).

Calves in Olosho Oiborr had significantly (p=0.0291) higher ADWG 

than calves in Nentanai . Generally, calves that were restricted from grazing 

had significantly (p<0.013) higher ADWG but the effect was significantly 

(p<0.002) higher in Nentanai than in Olosho Oiborr . Both wet season and 

good pasture were associated withsignificant increase in ADWG of calves 

(p<0.0001) while calves that trekked to far pastures for grazing had 

significantly lower (p<0.024) ADWG in Olosho Oiborr than in Nentanai 

ranches. At the same time, calves that were watered once daily had 

significantly (P=0.0003) lower ADWG compared to calves that had ad libitum 

access to water. Similarly, calves that were watered less than once per day 

(such as during drought) had significantly (p=0.007)lower ADWG than calves 

that were watered once per day.

The calf level variables that were significantly associated with ADWG 

from the multivariate analysis were age cubed, initial body weight, breed, 

clinical anaplasmosis, T. parva seroconversion at time of visit and A. 

marginale seroconversion in the visit prior to the current one (Table 6.5). The 

association between age cubed and ADWG was negative but significant at
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p-0.0306 while calves with relatively high initial body weight (body weight at 

the time of recruitment)had significantly (p<0.0001) higher ADWG. Crossbred 

calves had significantly (p=0.0008) higher ADWG than Maasai Zebu calves. 

Clinical anaplasmosis was associated with significantly (<0.0001) low ADWG 

while seroconversion for T. parva (current visit), T. mutans (previous visit) and 

A. marginale (previous visit) were associated with significantly (p=0.0004, 

0.0113 and 0.023, respectively) low ADWG.

6.4 DISCUSSIONS

The mean calf birth weight of 25.9 kgs observed in this study was 

higher than 17.5 kgs reported by Moll et al., (1984) and 19.2 kgs reported by 

Semenye (1987). The calf body weight of 46.2 kgs at 3 months that was 

observed in this study was higher than the 35.2 kgs reported by Semenye 

(1987) indicating that calves in that study were growing at a lower rate than 

the ones observed in this study. In the semi-arid central Mali, birth weight of 

indigenous calves kept under traditional management system was 16.6 kg 

while ADWG to weaning at seven months was 0.19 kg/day (Wilson, 1987). 

The low mean birth weight and ADWG were caused by chronic overstocking 

on already denuded feed resources and drought. Both farm- and calf-level 

factors were associated with calf daily weight gain.

The ADWG of 0.26 kg/day observed in this study was slightly lower 

than 0.28 kg/day which was reported for calves on Olosentu in Trans-Mara 

District (Muhuyi et al., 2002) but higher than 0.21 kg/day reported for calves 

on smallholder farms in Kiambu District (Gitau et al., 1994). The ADWG of 

calves in Maasai pastoral systems varied between ranches, farms and calves
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within the same farm. Thus, calves in Olosho Oiborr had significantly higher 

ADWG than those in Nentanai ranches. Similar observations have been 

reported in which ranches was associated with ADWG (Semenye and 

Chabari, 1980). The higher growth rate of calves on Olosentu was attributed 

to better feeding and management while the lower growth rates of calves on 

smallholder farms in Kiambu District was associated with increased number of 

years the owner was in dairy farming, lower amounts of milk fed to calves, 

male calves and the occurrence of clinical illness. In another study among 

smallholder dairy farmers in Muranga District (Gitau et al., 2001), the ADWG 

of calves varied between 0.24-0.29 kg/day which was similar to what is 

reported in this study.

The study has shown that wet season which influenced pasture 

availability had positive effects on ADWG of calves. The results also agree 

with earlier findings that calves that entered the long dry season (July- 

November) at an early age were exposed to poor pastures for long resulting in 

growth retardation (de Leeuw et al., 1991). Among the smallholder dairy 

farmers in Muranga, differences in ADWG were associated with AEZ-grazing 

strata and calf-level factors such as breed of calf, calf sickness, incidence of 

ECF, feeding of milk, concentrate feeds and minerals and interaction between 

calf age and AEZ-grazing strata. East Coast Fever and other calf sicknesses 

exerted a temporal effect on calf-growth at the height of illness and 

immediately after; calves later recovered the lost growth except where other 

factors such as poor calf nutrition prevailed. In this study, calves that suffered 

from sickness (TBDs or any other clinical disease) had low ADWG. In 

particular, clinical anaplasmosis, seroconversion for T. parva (current visit), T.
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mutans (previous visit) and A. marginale (previous visit) were associated with 

significantly low ADWG. For example, over 60 percent of the calves were 

crossbreds that were observed to have higher ADWG than the Maasai Zebu 

observed by Moll et al., (1984). Moll et al., (1984) also associated the low 

weight gains of calves in their study with patent T. mutans and acute T. parva 

infections.

The results of this study also agree with those of Ahunu et al., (1993) 

who reported that crossbred calves were significantly heavier at birth than 

purebred indigenous calves. Das et al., (1999) also reported that crossbred 

calves had significantly higher live weights at three and six months of age and 

higher mean daily weight gain to three months of age and up to weaning age 

than pure Zebu calves. Calf feeding practices that were associated with 

significant improvement in ADWG of calves included increased frequency of 

milk and water intake, mineral supplementation and grazing system. The 

effect of milk intake on growth rate of Zebu calves was compared using 

different suckling regimes in Mali (Coulibaly and Nialibouly, 1998). A 

ranchesof calves that were allowed ad libitum suckling in the first three 

months of life had higher growth rate rates compared to other groups where, 

either, calves were given ad labium milk artificially (bottle-fed), or cows were 

milked partially then allowed to suckle their calves.

In the current investigation, wet season and good pasture were 

associated with increased ADWG of calves in this study because of improved 

forage quality and quantity and watering. Das et al., (1999) reported that 

calves that were bom in the wet season had higher live weights at three and 

six months of age than calves born in the dry season. In the semi arid central
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Mali, the effects of season of birth were significant on calf growth throughout 

life but effects of year of birth only persisted for nine months (Wilson, 1987). 

During the dry season calves spend more energy trekking to distant pastures 

and watering places but during the wet season there are ponds and plenty of 

feed including forbs and rush pasture around the homestead. This drastically 

reduced the walking distances, thus conserving energy that is made available 

for other essential body functions.

Increased watering frequency was associated with increased ADWG of 

calves, which agrees with other studies that have shown that increasing 

watering frequency improves feed intake (Bekure et al., 1991; Coppock, 

1994). The effects of modest changes in traditional feeding management in 

the enhancement of nutrient intake and growth of calves under conditions of 

restricted water access were investigated in Ethiopian Boran pastoral system 

(Coppock, 1993). The 90-day trial which comprised of 3 dry-season diets (cut- 

carry forage, standing-brown grass and grass hay (plus or minus Acacia 

fruits) stored from a previous harvest season) reported that calves consumed 

the most feed on day 2 of the watering cycle while water intake increased 27 

percent for animals on grass hay diets compared to those on standing grass.

Supplementation of calves with crop residues was associated with 

negative ADWG. This was probably due to the fact that Maasai pastoralists’ 

allow sick and weak calves to graze on relatively low quality standing crop 

residues (Bekure et al., 1991). Mineral supplementation increased the ADWG 

of calves. Maasai pastoralists start supplementing calves with minerals from 

as early as less than one month old. Trace minerals play a very important 

role in development and subsequent growth of young animals (Schillhorn and
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Loeffler, 1990). Hitherto, no investigative results have reported on the quality 

and quantity of trace elements contained in the various salt preparations 

currently in use among the Maasai pastoralists. The most commonly 

mentioned mineral deficiencies in Africa are selenium, phosphorous, 

magnesium, copper and manganese (Kabaija, 1989).

The results of the univariate analysis showed that calves that were 

grazed in olopololis (reserve grazing paddock) did not have superior growth 

rates compared to those that were grazing in open pastures while the results 

of the multivariate analysis showed that calves that were trekked to distant 

grazing pastures had negative effects on calf growth rate in Olosho Oiborr 

but positive effects in Nentanai. Compared to Nentanai, the area around 

Olosho Oiborr was more densely populated causing overstocking and 

denudation of forage (Personal observation). Consequently, calves in Olosho 

Oiborr had to trek long distances in search of pasture thus causing further 

decrease in ADWG. Among the Maasai pastoralists, pre-weaned calves (< 7 

months old) usually graze in olopololis where there was more herbage but of 

inferior quality than the open pastures (de Leeuw et al., 1991). Weaned 

calves had access to a wider grazing orbit with greater chance of quality 

forage selection. However, pre-weaned calves by virtue of their young age 

and increased frequency of milk intake had higher ADWG than weaned 

calves, which possibly explains why their ADWG was superior to that of 

weaned calves in spite of the latter’s access to better forage quality.

Adequate milk intakes by calves during the first three months of age 

was very important in ensuring better growth rates. Although majority of the 

Maasai pastoralists allow the calf to suckle at least twice a day during the pre
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weaning period, quite often competition for milk is common especially where 

there was ready market for milk (de Leeuw et a i, 1984; King et al., 1984). 

Thus, there is need to educate the pastoralists on the importance of adequate 

milk intake by the calf for improved growth. Similarly, pastoral farmers need to 

be made aware of the importance of providing adequate and clean water to 

calves improve their growth rates. However, there was need to investigate the 

effect of restricted suckling coupled with a feed supplementation on calf 

growth performance in Zebu and crossbred cattle.

Water shortage was cited as a major constraint to calf production and 

was attributed to lack of adequate permanent rivers in Kajiado District 

(chapter 4). A temporary solution would be to harvest rain-water from roofs 

into big drums. However, this would work only during the rainy season and 

possibly if the roof areas are large enough to obtain considerable amounts of 

water. However, for the calves this source of clean water during the time of 

confinement could be of major significance. A more permanent solution is to 

construct more boreholes.

Maasai pastoralists have been upgrading the indigenous Maasai Zebu 

using improved bulls of Sahiwal and Boran breeds, which significantly 

improved growth rates of calves. While this should be encouraged to 

continue, there was need to monitor the survival and adaptability of crossbred 

animals under the harsh environment and the reality of high disease 

challenge especially in a situation where extension services are inadequate.

In conclusion, approximately 98% of the monthly variability of daily 

weight gain was attributed to the farm. The remainder was associated with the 

variability between daily weight gains for the same calf from month to month.
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A multivariate regression method, Proc Mixed model analysis of variance 

Generalised Estimating Equations (GEE), was used to determine the 

association between daily weight gain and potential explanatory factors, since 

consecutive daily weight gains were correlated. Both farm- and calf-level 

factors were associated with calf daily weight gain.
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CHAPTER SEVEN

FACTORS ASSOCIATED WITH MORBIDITY AND MORTALITY OF 

CALVES IN MAASAI PASTORAL SYSTEMS IN KAJIADO DISTRICT, 

KENYA

7.1 INTRODUCTION

Recent estimates of human population growth and changes in actual 

numbers of cattle, sheep and goats indicate an inverse relationship thus 

creating food insecurity in the district (Campbell et al., 2000; Mwangi, 2000). 

The decline in numbers of key livestock species was associated with the 

effects of the 1995-97 and 2002 droughts and 1997-98 El Nino rains 

(Ndikumana et a!., 2000) and a high incidence of diseases (DVO, 1999). 

Cattle mortality was higher during the drought (26 percent of the herd) than in 

the El Nino rains and calves were the most vulnerable during the drought 

phase as 45 percent of them died compared to 23 percent of the cows 

(Ndikumana et at., 2000). Bekure et a!., (1991) in their study reported that calf 

mortality (ranged from 10-60 percent) in Maasai pastoral herds in Kajiado 

District was caused by single or multiple combinations of theileriosis, 

malignant catarrh fever, helminthosis and malnutrition (de Leeuw et al., 1991).

Successful rearing of calves depends on a combination of good 

management practices such as adequate nutrition including early feeding of 

colostrum, adequate housing and control of infectious diseases (Perez et al., 

1990). Survival of calves is important for the replacement of older animals and 

for the expansion of pastoral herds especially after a major drought or disease 

epidemic. Life-table methods have been used to investigate survivorship of
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calves within the first year of life in traditionally managed herds in Bauchi, 

Nigeria (Kudi et al., 1998). In their study, the proportion of calves in the herds 

surviving for the first 12 months was 53.8 percent. The main causes of calf 

mortality were septicaemia, malnutrition and injuries. The probability of calf 

mortality was greatest during the first month of life and decreased with 

increasing age.

There is lack of sufficient data on estimates of measures calf health 

and survivability in Maasai pastoral systems (Peeler and Omore, 1996). 

Hence, the objectives of this study are to investigate the survival rates, risk 

factors for incidence of morbidity and mortality of calves in Maasai pastoral 

systems in Kajiado District. The information gathered would be useful in 

formulating appropriate management practices and disease control programs 

for the improvement of calf survivability, health and production in pastoral 

systems.

7.2 MATERIALS AND METHODS

7.2.1 Study area and herds

Details of study design and methods used to select the study sites and 

herds are described in Chapter three.

7.2.2 Data and sample collection

A total of 15 visits, approximately one month apart, were made to all 

the household herds during the study period between November 2000 and 

February 2002. For each of the selected es one animal health assistant from 

the Ministry of Livestock and Fisheries Development (MLFD) was seconded to
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the project and charged with the responsibility of attending to all sick cases 

that were reported by the pastoralists. Two casuals per were also hired from 

the local Maasai community and trained on methods of restraining animals. 

They were also to report sick animals to the local animal health assistant for 

diagnosis, treatment and post-mortem. All information collected by the animal 

health assistant and the casuals was verified by the principal investigator 

during the monthly farm visits. The morbidity, mortality and their causes were 

confirmed by clinical examination of animals, laboratory tests and post 

mortem examination wherever possible.

During the initial visit in each farm, all calves less than six months were 

recruited for the study (Appendix 7.4). The calves were ear-tagged and 

identified by sex, age, and breed. The dam and sire for each calf were also 

identified by breed and recorded. Thereafter, new calves were recruited into 

the study herds either through birth or through transfer such as gifts. Calves 

dropped from the study either through death, withdrawals, transfers, or after 

attaining the age of 13 months.

7.2.3 Calf management practices, clinical examination and treatment

During each visit, household owners were interviewed on current calf 

management practices, disease control and treatment using a structured 

questionnaire (Appendices 3.3 and 3.4). Each calf was also clinically 

examined for demeanor, discharges from the eyes and external orifices, 

colour of mucous membrane, gait, respiration, urination, defaecation and 

consistence of faeces, superficial lymph nodes, skin coat and rectal 

temperature. Wherever possible, appropriate treatment was administered to
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all sick calves following the clinical examination and diagnosis.

7.2.4 Samples collection and processing

Tick and faecal samples were collected for examination and 

identification using procedures described in Chapter three. Similarly, the 

methods of blood collection, processing and laboratory analysis were 

described in the same chapter.

7.2.5 Data handling and processing

Data files of questionnaire responses and laboratory results were 

prepared in Microsoft Access and analysed using STATA (Stata Corporation., 

2003) and Statistical Analysis Systems (SAS 1985, Institute Inc., Cary, NC). 

The outcome variables investigated in this study are givenand defined in 

Appendix 7.1. The differential diagnosis of tick-borne diseases of calves 

investigated in this study are listed and each described briefly in Appendix 

7.2. Appendix 7.3 gives a description of the general clinical signs of tick- 

borne diseases that cause calf morbidity and mortality in Kajiado District, 

Kenya.

7.2.6 Data analysis

7.2.6.1 Estimates of calf morbidity and mortality

Definitions of morbidity, mortality, sero-conversion and other 

measurements that were used to estimate calf health and production levels 

are defined in Appendix 7.1. Briefly, calf morbidity was defined as any calf
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sickness that had a recognizable clinical manifestation while calf mortality was 

defined as any death.

Initially, crude calf morbidity and crude mortality rates were estimated 

from the morbidity and mortality events. Cause-specific morbidity and cause- 

specific mortality were estimated from confirmatory diagnoses based on 

laboratory tests and post-mortem results. For example, estimates of morbidity 

and mortality caused by ECF (caused by T. parva and / or T. mutans), 

anaplasmosis (caused by A. marginale) and babesiosis (caused by B. 

bigemina), were initially based on clinical assessment and confirmed using 

seroconversion status and/or post-mortem results.

The annual incidence rates (I) of crude morbidity and mortality were 

calculated as the total number of sick/dead calves (in a time period) divided 

by the number of calf-years at risk (Martin et al., 1994). The exact 95 percent 

confidence intervals (C.l.) were calculated based on probabilities derived from 

the poisson distribution using STATA (Stata Corporation, 2003) (Dohoo et al., 

2003).

The number of calf-days at risk was obtained by, first, listing of all the 

household visits and the specific dates of the visits. Second, the number of 

days between two consecutive visits was calculated. Thereafter, the specific 

dates of entry and exit were determined for each calf. A universal method, 

whereby a calf completing an inter-visit interval was considered to contribute 

calf-days equivalent to the inter-visit number of days was adopted. A calf 

whose exit occurred within an inter-visit period was assumed random across 

the period of observation and thus an observation period equivalent to half the 

interval in days was used in the analysis. The number of calves with outcome
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events (morbidity or mortality) was obtained by counting the number of new 

cases that achieved the outcome of interest within the specified age period. 

Only calves that were free of the outcome event at their time of recruitment 

were considered at risk.

7.2.6.2 Proportional morbidity and mortality rates

Proportional cause-specific morbidity and mortality rates were obtained 

by dividing the number of sick / dead cases due to a specific disease by the 

number of sick / dead calves from all diseases diagnosed (Dohoo et al., 

2003).

7.2.6.3 Survival analysis

The calf survival analysis from the age of recruitment into the study to 

crude morbidity and mortality were determined using follow-up life table 

(Actuarial) method (Dohoo et al., 2003). First, the total number of calves by 

age-interval period at the start of the study (visit one) were listed in one 

column followed by listing of the number of new entries (non-births), the 

number of withdrawals (missing or lost), the number of sick calves and the 

number of dead calves by age-interval period for each visit, in separate 

columns (Appendix 7.4). The average number of calves at risk per age 

interval was calculated as the total number of calves at risk at the start minus 

half the number of withdrawals for that age interval.

Risk rate was calculated as the number of outcome events divided by 

the average number of calves at risk at the beginning of each age-interval 

period Curnmulative survivorship from birth for each age interval was
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calculated by multiplying the survival rate of the "current age” interval by that 

of the previous age interval. Survivorship curves were plotted and compared 

between ranches.

7.2.6.4 Modeling risk factors of seroconversion (exposure) to TBDs

Data were prepared for for analysis using the PROC FREQ, PROC 

GENMOD and Generalised Estimating Equations (GEE) in SAS. When calves 

acquired the event of interest (seroconversion for T. parva, T. mutans, A. 

marginale and B. bigemina) they were coded one (1). Those that did not 

acquire the event of interest (non-seroconverters) were coded zero (0). For 

the calves that had acquired the event of interest, the set of covariates during 

the visit of event were entered into the model. However, for the calves that did 

not acquire the event of interest, one of the visits was randomly selected and 

the corresponding set of covariates were entered into the model.

Data were first explored in PROC FREQ for simple associations 

between seroconversion (measure of exposure) and each covariate. Second, 

PROC GENMOD (Ordinary Logistic Regression (OLR)) was used to model 

the covariates associated with seroconversion status to T. parva, T. mutans, 

A. marginale, and B. bigemina. First, a separate OLR model was prepared for 

all calves with ranches as the independent variable. Then, two separate 

logistic models were prepared for the herd level and calf level variables. The 

"variable” ranches was forced into the model as a dummy variable for the 

intercept with Nentanai as the baseline risk ranches. All the logistic 

regression models were fitted by stepwise backward elimination procedure 

where the risk factors were considered significant at p<0.1. A full model was
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then prepared with all the variables that were found to be significant above. A 

stepwise backward elimination method for non-significant variables (p<0.05) 

was used to produce the final regression model.

In the third analysis, Generalised Estimating Equations (GEE) 

procedure was applied to model the potential factors associated with 

seroconversion. Unlike the logistic regression procedure, the GEE procedure 

is a multi-level mixed model procedure for outcome variables with binomial 

distributions. This procedure accounts for both random and fixed effects 

variables and uses them to estimate the fixed effects parameters. Thus, a 

GEE model was prepared for all calves in the two ranches and the 

association between the outcome variables and all the potential explanatory 

factors that were significant from the logistic model. Farm was used as a 

random-effect factor in the model. Associations between the outcome variable 

(seroconversion) and the explanatory variables (risk factors) were considered 

significant at p<0.05.

7.2.6.5 Modeling of risk factors for calf morbidity and mortality

Data were prepared for use in PROC GENMODE and GLIMMIX data 

analysis procedures in SAS (SAS 1985). When calves acquired the event of 

interest (morbidity and mortality) the first time, they were classified as positive 

(coded 1) while those that did not acquire the event of interest were classified 

negative (coded 0). For the positive responses, the set of covariates during 

the visit of event were entered in the model. For the negative responses, one 

visit was randomly selected and the set of covariates for the visit entered in

the model.
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The PROC GENMODE data analysis procedure was used to model the 

risk factors associated with morbidity and mortality. First, the association 

between morbidity and mortality and each explanatory variable were explored 

using uni-variate models in PROC GENMOD. A poisson distribution link 

function was specified for the two outcome variables with log as the link 

function and years-at-risk as the offset. Second, the association between the 

outcome variables (morbidity and mortality) and all the explanatory factors 

were explored together in a multi-variate model containing all the variables 

that were significant from the uni-variate analysis. All the logistic regression 

models were fitted by backward elimination procedure while the risk factors 

were considered significant if the p -  value was less than 0.05.

In the third analysis, the GLIMMIX Procedure was applied to model the 

factors associated with calf morbidity and mortality. Unlike the logistic 

regression procedure, the Glimmix Procedure is a multi-level mixed model 

procedure for outcome variables with a binomial distribution. This procedure 

accounts for both the random and fixed effects variables in the analysis and 

estimates the variance components associated with random effects variables 

and uses them in estimating the fixed-effects parameters (Little eta!., 1996).

A Glimmix model was prepared for all calves in both sites. The 

association between the outcome variables (morbidity and mortality) and all 

the potential explanatory factors were explored together in a multi-level 

model. Data were classified by farm and calf identity and these two variables 

were used as random-effects factors in the model. All risk factors were 

considered significant at the level of p < 0.1.
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7 .3 RESULTS

7.3.1 Descriptive statistics

A total of 593 calves were recruited and a total of 2328 observations 

were made during the 15 visits that were made during the longitudinal study 

(Appendix 7.4). They comprised of 330 calves (55.6 percent) and 263 calves 

(44.4 percent) from Olosho Oiborr and Nentanai ranches, respectively (Table 

7.1) of which were 308 (51.9 percent) female calves and 285 (48.1 percent) 

male calves. There were 174 (29.3 percent) were Maasai Zebu calves, 347 

(58.6 percent) crossbred calves and 72 (12.1 percent) exotic calves. Thirty- 

two calves were recruited during the first visit while 72, 66, 23 and 50 new 

calves were recruited during the second, third, fourth and fifth visit, 

respectively. The highest numbers of calves (193) were recruited during the 

15 visits, which coincided with the main calving season (December - January) 

for cattle in Kajiado District.

Farmer cooperation was also good except during the second visit when 

one herd of eight calves in Olosho Oiborr withdrew from the study. The 

farmer had complained that harvesting too much blood from calves caused 

them to grow weak and susceptible to diseases and death. He also 

complained that he could not see the benefits of his involvement in the study. 

Attempts to convince him did not bear fruit. Interestingly, by the seventh visit 

the farmer requested to be allowed to continue in the study. The eight calves 

YVgr0 re-entered for observation. A total of 23 calves were given out as 

presents and / or bride prize while 67 calves (Appendix 7.4) died of various 

causes. The highest number of deaths observed during one single visit was

28.
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Table 7.1 Location, sex and breed of 593 calves observed in Maasai pastoral 
systems in Kajiado District (Longitudinal study, November 2000-February
2002).__________________________________________________________________ __

Variable Categories Count Frequency

(percent)

ranches Olosho Oiborr 330 55.6

Nentanai 263 44.4

Sex Females 308 51.9

Males 285 48.1

Breed Maasai zebu 174 29.3

Crosses 347 58.6

Exotic 72 12.1
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7.3.2 Factors associated with risk of seroconversion for T. parva

There were significantly (p = 0.0003) more calves that were at risk of 

T. parva seroconversion in Olosho Oiborr than in Nentanai (Appendix 7.9). 

Farm level variables that were associated with seroconversion for T. parva 

included watering frequency, grazing management and spraying against ticks. 

Calves that were watered more frequently had significantly (p=0.01) higher 

risk of T. parva seroconversion compared to calves that were watered less 

frequently. Calves that went out to graze when 3-6 months old were at a 

higher risk of T. parva seroconversion than calves that went out to graze 

when they were > 6 months old. Similarly calves that were grazed near the 

boma had significantly (p<0.0001) higher risk of T. parva seroconversion than 

calves that were grazed further from the boma. Calves that were grazed in the 

reserve paddocks (olopololi) had significantly (p=0.0001) higher 

seroconversions for T. parva than calves that were grazed in distant and open 

pastures. Female calves were at a higher risk of T. parva seroconversion than 

male calves.

However, table 7.2 shows that there were no ranches effects on the 

risk of T. parva seroconversion in calves when multivariate OLR was used 

and, clustering of calves affected parameter estimates of various variables 

investigated for their association with T. parva seroconversion. Thus, there 

was no difference in risk of seroconversion for T. parva between calves that 

W0i-0 frequently sprayed against ticks compared to those that were sprayed

infrequently.
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Table 7.2 Variables associated with seroconversion for T. parva  in calves older than 3 months 
(n=241) from the Ordinary Logistic Regression (OLR) and Generalised Estimating Equations 
(GEE) in Maasai pastoral system in Kajiado District (Longitudinal study. November 2000 
-  February 2002).__________________

OLR GEE

Level and variable P- Odds P-
b s.e. value ratio b s.e. value

a) ranches  

Olosho Oiborr (1), 
Nentanai (0)

-0.51 0.52 0.35 0.60 -0.51 0.57 0.37

b) Farm  leve l

Age at first Grazing
3-6 months (1) > 6 months -1.57 0.52 <0.01 0.21 -1.59 0.57 <0.01

(0)
Distance to grazing pastures 
from boma

Far (>5 km) (1), Near (<5 
km) (0)

3.27 0.79 <0.01 26.2 3.29 0.82 <0.01

Frequency of watering per 
day
At least once (1), Less than

1.08 0.53 0.04 2.96 1.07 0.87 0.22

once (0)
Ad lib itum  (1), Less than 2.08 0.93 0.02 7.99 2.01 0.92 0.03

once (0)
Frequency of spraying 
against ticks per week 
Once(1), less than once (0) -1.03 0.54 0.06 0.36 -0.99 0.69 0.15

c) C a lf leve l

Age 0.50 0.23 0.03 1.64 0.50 0.24 0.04

Age class

4-6 months (1), 7-9

months (0) 1.40 0.78 0.07 0.12 1.45 0.65 0.03

10-12 months (1), 7-9

months 0) -2.16 0.85 0.01 4.07 -2.20 0.87 0.01

parameter coefficient estimate 

standard errer of the coefficient estimates
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The risk of Seroconversion with T. parva was 26.2 (e3 27) times higher 

in calves that were grazed in far pastures compared to calves that were 

grazing near the homestead (boma). From the OLR analysis, calves that were 

watered more frequently (at least once per day) had marginally significant 

(p=0.04) lower risk of T. parva seroconversion than calves that were watered 

less frequently (less than once per day) but when clustering effects were 

adjusted for, the association was not significant (p=0.22). Older calves were 

at a higher risk (O.R.=4.07) of seroconversion with T. parva than young calves 

(Table 7.2). Calves that were 4-6 months old were at a higher risk of 

seroconversion than calves that were 7-9 months.

7.3.3 Factors associated with risk of seroconversion for T. m utans

There were no significant (p=0.59) differences in risk for T. mutans 

seroconversion between Olosho Oiborr and Nentanai ranches (Appendix 

7.10). Calves that were not sprayed had significantly (p<0.0001) lower risk of 

T. mutans seroconversion compared to calves that were sprayed. Calves that 

were grazing in distant pastures had significantly (p=0.0013) higher risk of T. 

mutans seroconversion than calves that were grazing in paddocks near the 

boma. Calves that were taken out to graze as early as 3-6 months of age had 

significantly (p = 0.0003) higher risk of T. mutans seroconversion compared to 

calves that were taken to graze later than 6 months of age. Calves that were 

grazed in reserve paddocks (restricted grazing) had significantly (p=0.004) 

higher seroconversion compared to calves that were grazing freely in open 

pastures.
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Of the calf variables, only breed and age class were significantly 

associated with risk of T. mutans seroconversion (Table 7.3). There were no 

apparent clustering effects from the GEE model (parameter estimates were 

the same for the OLR and GEE).

The crosses had significantly (p=0.04) lower risk of T. mutans 

seroconversion compared to Maasai Zebu and the exotic calves (Appendix 

7.10). Calves that were aged 4-6 months old had significantly (p<0.0001) 

lower risk of T. mutans seroconversion compared to calves 7-9 and 10-12 

months old. Similarly, calves that were grazed in far pastures were at a higher 

risk (O.R. = 4.9 or e159) of seroconverting to T. mutans than calves that were 

grazing very near the homestead (boma)

7.3.4 Factors associated with risk of seroconversion for A. m arg ina le

There were significantly (p <0.0002) more calves seroconverting for A. 

marginale in Olosho Oiborr than in Nentanai (Appendix 7.11). Calves that 

were grazing in distant pastures had significantly (p = 0.0002) higher chances 

of seroconverting to A. marginale than calves that were grazing in paddocks 

near the boma. Calves that were taken out to graze as early as 3-6 months of 

age had significantly (p < 0.0001) higher seroconversion than those that went 

out to graze at >6 months of age. Among the calf variables only age 

rancheswas significantly associated with seroconversion for A. marginale. 

Calves that were aged 4-6 months old had significantly (p<0.0001) higher 

number of calves seroconverting for A. marginale compared to calves 7-9 

and 10-12 months old.
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Table 7.3 Variables with seroconversion for T. m u ta n s  in calves older than 3 months 
(n=241) from the Ordinary Logistic Regression (OLR) and Generalised Estimating 
Equations (GEE) in Maasai pastoral system in Kajiado District (Longitudinal study, 
November 2000 -  February 2002)._______________________________________

OLR GEE

P- Odds P-
Level and variable b se(b) value ratio b se(b) value

a) ra n c h e s  le v e l  

Olosho Oiborr (1), 

Nentanai (0)

-0.31 0.36 0.40 0.74 -0.31 0.36 0.40

b) F a rm  le v e l  

Distance to grazing 

pastures from b o m a  

Far (> 5 km) (1) ,

Near (< 5 km) (0)

1.59 0.55 <0.01 4.9 1.59 0.55 <0.01

c) C a lf  le v e l  

Age -0.43 0.08 <0.01 0.65 -0.43 0.08 <0.01

Key: b -  parameter coefficient estimate

se(b). -  standard error of the coefficient estimate
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The factors that were associated with risk of seroconversion for A. 

marginale from the OLR and GEE are listed in Table 7.4. Calves that went out to 

graze when 3-6 months old were at a higher risk of A. marginale seroconversion 

(p = 0.0006) compared to calves that went out to graze at the age > 6 months. 

Similarly calves that were watered frequently (at least once per day) were at a 

higher risk of A. marginale seroconversion compared to calves that were 

watered infrequently (less than once per day).

7.3.5 Factors associated with risk of seroconversion for B. b igem ina

There were no significant (p = 0.24) differences in the risk of 

seroconversion with B. bigemina between Olosho Oiborr and Nentanai 

ranches (Appendix 7.12). Calves that were grazing in distant pastures had 

significantly (p = 0.006) higher chances of seroconverting to B. bigemina than 

calves that were grazing in paddocks near the boma. Calves that were taken 

out to graze as early as 3-6 months of age had significantly (p<0.0003) higher 

seroconversion for B. bigemina compared to calves that were taken to graze 

later than 6 months of age. Significantly (p<0.0001) higher number of calves 

converted for B. bigemina at 4 -6 months of age than at 7-9 months and 10-12 

months of age.

Multi-level analysis using OLR and GEE showed that calves that were 

grazing in restricted paddocks (olopololis) had a higher risk of B. bigemina 

seroconversion compared to calves that were not grazing in the reserve 

paddocks (Table 7.5). Older calves were also at lower risk of B. bigemina 

seroconversion compared to younger calves.
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Table 7.4 Variables associated with seroconversion for A. m a rg in a le  from the 
Ordinary Logistic Regression (OLR) and Generalised Estimating Equations (GEE) for 
calves older than three months (n=241) in Maasai pastoral systems in Kajiado District 
(Longitudinal study, November 2000 -  February 2002),_______________________

OLR GEE

P- Odds P-
Level and variable b Se(b) value Ratio b se(b) value

a) ra n c h e s  le v e l

Olosho Oiborr (1), 0.13 0.45 0.78 1.14 0.13 0.45 0.78

Nentanai (0)

b) F a rm  le v e l

Age at first grazing

3-6 months (1), >6 1.70 0.49 <0.01 0.10 1.70 0.49 <0.01

months (0)

Frequency of watering 

per day

At least once (1) , 

less than once (0) 

Ad libitum (1) , less

1.02 0.48 0.04 2.75 1.01 0.48 0.04

than once (0) -0.04 0.85 0.96 0.96 -0.04 0.85 0.96

c) C a lf  le v e l

Age class

0-12 months (1), 7-9 

months (0)

-1.13 0.42 <0.01 0.32 -1.13 0.42 <0.01

b -  parameter coefficient estimate 

se(b) -  standard errer of the coefficient estimate
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Table 7.5 Variables associated with seroconversion for and B. b ig em ina  from the 
Ordinary Logistic Regression and Generalised Estimating Equations (GEE) in 
calves older than three months (n=241) in Maasai pastoral systems in Kajiado 
District (Longitudinal study, November 2000 -  February 2002)._____________

OLR GEE

Se p- Odds Se p-
Level and variable b

(b) value Ratio
b

(b) value

a) ra n c h e s  le v e l 

Olosho Oiborr (1) , 0.25 0.35 0.47 1.29 0.25 0.35 0.47

Nentanai (0)

b) F a rm  le v e l  

Restricted grazing in 

reserve paddocks 

(olopololi)

Yes (1) , No (0) 1.53 0.55 <0.01 0.22 1.53 0.55 <0.01

c) C a lf  le v e l

Age (<13 months old) -0.34 0.08 <0.01 0.72 -0.34 0.09 <0.01

Key: b -  parameter coefficient estimate 

se(b) -  standard errer of the coefficient estimate
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7.3.6 Patterns of distribution and causes of calf morbidity

Table 7.6 and Appendix 7.5 show that the incidence of calf morbidity was 

1.9/calf-year at risk for the two es combined. Table 7.6 also shows that the 

incidence of morbidity was significantly higher (p<0.05) in Olosho Oiborr 

(3.8/calf-year at risk) than in Nentanai (1.4/calf-year at risk). There were no sex 

and breed effects on the incidence of calf morbidity.

The proportional cause-specific rates of disease conditions that caused 

calf morbidity are shown in Table 7.7. In Olosho Oiborr, five diseases with 

relatively high proportional morbidity rate were fleas (19.8 percent), 

anaplasmosis (13.2 percent), helminthosis (12.8 percent), and non-specific 

diarrhoea (12.3 percent) and warts (7.2 percent). In Nentanai, five diseases that 

caused relatively high proportional morbidity were anaplasmosis (15.5 percent), 

ring worms (15.2 percent) lice (11.7 percent), East Coast fever (8.8 percent) and 

fleas (8.7 percent).

The highest risk of morbidity was 35.7 percent that was observed 

immediately after birth but declined rapidly to 11.6 percent in the third month 

(Appendix 7.6). Thereafter, the risk of morbidity declined gradually up to 3.8 

percent in the seventh month and remained almost constant at 1.0 percent. 

Figure 7.1 shows that the calves that were less than one month old had a higher 

risk of morbidity in Olosho Oiborr (50 percent) compared to Nentanai (27 

percent) The overall cumulative survivorship from birth to morbidity was 

significantly higher in Nentanai than in Olosho Oiborr during the first 3 months of

life (Figure 7.2).
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Table 7.6 Incidence of morbidity in 593 calves by , sex and breeds found in 
Maasai_pastoral herds in Kajiado District, Kenya (Longitudinal study, November 
2000 -  February 2002). _____________________________________________

Calf morbidity

Variable Categories
Incidence Rate 

per calf-year at risk
95 percent 

Confidence Interval

Overall 1.9 1.7-2.1
Olosho Oiborr

n°0CO 3 .2 -4 .4

Nentanai 1.4b 1.2-1.6

Sex Female 2.0 1.7-2.3

Male 1.8 1.5-2.1

Breed Maasai Zebu 2.0 1.7 -  2.3

Crosses 1.8 1.7 — 1.9

Exotic 2.1 cn 1 ro

"'Values with different superscripts within the same column are significantly 
different at p<0.05 (or the 95 percent CIs do not overlap).
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Table 7.7 Proportional cause-specific morbidity of confirmed cases of sick 
calves in Maasai pastoral systems in Kajiado District, Kenya (Longitudinal 
study, November 2000 -  February 2002),__________________________

Total
Morbidity by 

ranches

Proportional cause- 
specific morbidity 
(%) by ranches

Disease
morbidity
(cases)

Olosho
Oiborr

Nentanai Olosho
Oiborr

Nentanai

Anaplasmosis 155 62 93 13.2 15.5
Fleas 145 93 52 19.8 8.7
Ring worms 114 23 91 4.9 15.2
Non-specific diarrhoea 107 58 49 12.3 8.2
Lice 101 31 70 6.6 11.7
Helminthosis 100 60 40 12.8 6.7
East Coast fever 73 20 53 4.3 8.8
Eye infection 60 15 45 3.2 7.5
Warts 43 34 9 7.2 1.5
Coccidiosis 32 15 17 3.2 2.8
Pneumonia 31 15 16 3.2 2.7
Lumpy skin disease 25 2 23 0.4 3.8
Wounds 17 7 10 1.5 1.7
Lameness 13 4 9 0.9 1.5
Black quarter 10 0 10 0.0 1.7
Malnutrition 9 5 4 1.1 0.7
Hernia 7 5 2 1.1 0.3
Foot rot 7 7 0 1.5 0.0
Arthritis 5 3 2 0.6 0.3
Abscesses 4 3 1 0.6 0.2
Congenital weakness 3 3 0 0.6 0.0
Ephemeral fever 2 1 1 0.2 0.2

Babesiosis 2 2 0 0.4 0.0

Gastrointestinal 1 1 0 0.2 0.0
obstruction 
Excess milk intake 1 1 0 0.2 0.0
Balanoposthitis 1 0 1 0.0 0.2

Accident 1 0 1 0.0 0.2

Total morbidity 1069 470 599 100 100
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Figure 7.1 Risk of morbidity (percent) by age in 593 calves sampled in Olosho 
Oiborr and Nentanai es in Kajiado District (Longitudinal study, November 2000 -  
February 2002).



Olosho Oiborr a~~ Nentanai
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Figure 7.2 Cumulative survivorship for morbidity of 593 calves in Olosho Oiborr and Nentanai es in Kajiado District, 
Kenya (Longitudinal study, November 2000 -  February 2002).
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7.3.7 Patterns of distribution and causes of calf mortality

The overall calf mortality rate was 0.36/calf-year at risk (Table 7.8 and 

Appendix 7.7). Table 7.8 also shows that the mortality rate was significantly lower 

(p<0.05) in Maasai Zebu calves (0.12/calf-year at risk) than in the crossbred 

(0.41/calf-year at risk) and exotic calves (0.59/calf-year at risk). There were no 

ranches and sex effects on the incidence of calf mortality rates. The proportional 

distribution of disease conditions that caused calves mortality are shown in Table 

7.9. In Olosho Oiborr , the proportion of mortality caused by East Coast Fever 

(ECF) was 68.4 percent while in Nentanai, it was 54.2 percent.

Anaplasmosis contributed a proportional mortality of 10.2 percent in 

Olosho Oiborr , while in Nentanai, it contributed a proportional mortality of 16.7 

percent. Black quarter contributed a proportional mortality of 20.8 percent in 

Nentanai but none in Olosho O ibo rr. Other diseases that caused mortality were 

ephemeral fever, babesiosis, intestinal obstruction, excessive milk intake.

7.3.8 Risk factors for calf morbidity

The distribution of explanatory (risk) factors that were analysed for their 

association with calf morbidity are shown in Table 7.10 while the results of the 

OLR and GLIMMIX models are shown in Table 7.11. Table 7.10 shows that the 

proportion of sick calves was significantly (p<0.0001) higher in Nentanai (76.8
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Table 7.8 Incidence of mortality in 593 calves by , sex and breed in Maasai
pastoral herds in Kajiado District, Kenya (Longitudinal study, November 2000
-  February 2002)._________________ _____________________________ _

Calf mortality

Variable Categories
Incidence rate 
per calf-year at 

risk

95 percent 
confidence 

interval

Overall - 0.36 0.28-0.44

Olosho Oiborr 0.24 0.15-0.33

Nentanai 0.44 0.32-0.56

Sex Female 0.36 0.26-0.46

Male 0.35 0.23-0.47

Breed Maasai Zebu 0.12a 0.04-0.20

Crosses 0.41b 0.30-0.52

Exotic 0.59b 0.31-0.75

a b Values with different superscripts within the same column are significantly 
different at p < 0.05 (or the 95 percent CIs do not overlap)
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Proportional cause- 
Mortality by specific mortality (%)

Table 7.9 Proportional cause-specific mortality of calves in Maasai pastoral
systems in Kajiado District, Kenya (Longitudinal study, November 2000 -
February 2002).

Cause of mortality

Total
mortality
(cases)

ranches by ranches
Olosho
Oiborr

Nentanai Olosho
Oiborr

Nentanai

Theileriosis 39 13 26 68.4 54.2

Anaplasmosis 10 2 8 10.5 16.7

Black quarter 10 - 10 - 20.8

Ephemeral fever 2 1 1 5.3 2.1

Intestinal obstruction 2 1 1 5.3 2.1

Non-specific 2 - 2 - 4.2

Babesiosis 1 1 - 5.3 -

Excessive milk intake 1 1 - 5.3 -

Total mortality 67 19 48 100 100
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Table 7.10 Frequency distribution of calf morbidity by various farm management and calf
variables in Maasai herds, Kajiado District (Longitudinal study, November 2000 -
February 2002).____________________

Category Category levels
No. of 
calves 

sampled

Proportion 
(percent) 

of sick 
calves

df, X2 p-value

a) ra n c h e s Olosho Oiborr 330 39.7 1, 81.9 <0.0001
Nentanai 263 76.8

a) F a rm
va riab les
Season of Dry 162 47.5 1,6.7 0.01
sampling

Wet 431 59.4

Housing Yes 91 51.7 1, 0.11 0.74
No 364 49.7

Frequency of Frequent 442 52.0 1, 12 0.0005
milk intake

Infrequent 151 68.2

Frequency of Frequent 296 56.9 2, 8.2 0.02
tick control Infrequent 147 46.9

None 177 62.7

Frequent (daily) 119 45.4 2, 2.5 0.28
Frequency Infrequent
of watering (<once per day) 141 54.6

None 211 53.1

Grazing distant Near (< 1 km) 450 51.1 1,0.43 0.51
from homestead Far (> 2km) 26 57.7

Early (< one
month old) 439 45.1 1, 64 <0.0001

Calf age at start Late(>one
of grazing month old) 87 92

Restricted Yes 338 59.2 1,27.7 <0.0001
grazing

No 138 32.6
b) C a lf  v a r ia b le s
Age < 4 months 333 51.7 3, 19.2 0.0003

>3<7 months 35 34.3
>6<10 months 45 62.2
>9<13 months 180 67.2
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Table 7.10 (continued )

No. of Proportion
Category calves (percent) of

Category levels sampled sick calves df, X2 p-value

Sex

Breed

T. parva positive

T. parva seroconversion

T. parva lag
seroconversion

T. mutans positive

T. mutans seroconversion

T. mutans lag
seroconversion

A. marginale positive

A. marginale 
seroconversion

A. marginale lag 
seroconversion

B. bigemina positive

B. bigemina 
seroconversion

B. bigemina lag 
seroconversion

Female 308
Male 285
Maasai Zebu 174
Crosses 347
Exotic 72
Yes (1) 281
No (0) 198
Yes (1) 24
No (0) 569
Yes (1) 29

No (0) 564
Yes (1) 307
No (0) 286
Yes (1) 32
No (0) 313
Yes (1) 27

No (0) 566
Yes (1) 324
No (0) 269
Yes (1) 30

No (0) 563
Yes (1) 24

No (0) 569
Yes (1) 210
No (0) 383
Yes (1) 21

No (0) 572
Yes (1) 21

No (0) 572

58.8 1, 1.8 0.18
53.3
57.5 2, 0.17 0.91
55.6
55.6
45.6 1, 17.9 <0.0001
65.2
91.7 1, 12.8 0.0003
54.7
93.1 1, 16.9 <0.0001

54.3
56.0 1, 0.004 0.95
56.3
81.2 1, 8.7 0.003
54.7
88.9 1, 12.3 0.0005

54.6
51.2 1, 7.0 0.008
62.1
90.0 1, 14.7 0.0001

54.4
100 1, 19.5 <0.0001

54.3
49.5 1, 5.8 0.02
59.8
90.5 1, 10.4 0.001

54.9
95.2 1, 13.5 0.0002

54.7
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Table 7.11 Variables associated with calf morbidity from the multi-variate analysis (O
Kajiado District (Longitudinal study, November 2000 - February 2002).____________

Category Levels
b

OLR
SE
(b)

Fixed effects 

a) ranches Olosho Oiborr (1), Nentanai(O) -1.77 0.250
b)Farm level 
variables

Season Dry (1), wet (0) -1.09 0.3
b) C a lf le v e l 
v a ria b le s

Age < 4 months (1), >9<13 months (0) -0.84 0.3
>3<7 months (1) , >9<13 months (0) -1.8 0.52
>6<10 months (1) >9<13 months (0) -0.95 0.47

A. m a rg in a le  
positive No(1), Yes (0) 0.51

0.23

Random effects 
Farm 
Residual
Key: b parameter coefficient estimate

SE (b) -  standard errer of the coefficient estimate 

ne - not estimated
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percent) than in Olosho Oiborr (39.7 percent). The difference was also 

significant (p<0.0001) in the OLR and GLIMMIX models (Table 7.11). Other 

factors that were associated with calf morbidity from the OLR and GLIMMIX are 

shown in Table 7.11. Calf morbidity was significantly (p<0.0001) lower in Olosho 

Oiborr compared to Nentanai in both the OLR and GLIMMIX analysis. Calf 

morbidity was significantly lower during the dry season compared to the wet 

season (p-value was 0.0003 from OLR and 0.02 from GLIMMIX). Calves that 

were <4 months old had significantly lower morbidity compared to calves that 

were >9<13 months old (p-value was 0.005 from OLR and 0.041 from GLIMMIX). 

From the OLR analysis, morbidity for calves that were >6<10 months old was 

significantly low (p=0.046) compared to calves that were >9<13 months old but 

not from the GLIMMIX analysis (p=0.14). Calves that had no serum antibodies for 

A. marginale had significantly higher morbidity from OLR (p=0.03) and GLIMMIX 

analysis (p=0.05).

7.3.9 Risk factors for calf mortality

The distribution of variables that were analysed for association with calf 

mortality is shown in Table 7.12 while the results of the OLR and GLIMMIX 

analysis are shown in Table 7.13. The proportion of dead calves was significantly 

higher in Nentanai (18.3 percent) compared to Olosho Oiborr (5.8 percent) 

(p<0.0001). Results of the OLR analysis (Table 7.13) show that calf morbidity 

was significantly lower (p=0.005) in Olosho Oiborr compared to Nentanai 

(association was not significant from the GLIMMIX analysis).
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Table 7.12 Frequency distribution of calf mortality by ranches, farm management and
calf variables in Maasai herds, Kajiado District (Longitudinal study, November 2000 -
February 2002).___________ ____________ ________________________

No. of
Category Category levels calves Proportion df, X2 p-value

sampled (percent) of 
dead calves

a) R a n ch Olosho Oiborr 330 5.8 1, 22.8 <0.0001

Nentanai 263 18.3
b) F a rm  le v e l 
va riab les

Season of Dry 185 22.7 1, 34.9 <0.0001
sampling

Wet 408 6.1

Housing Yes 103 6.8 1, 2.0 0.36
No 407 11.4

Frequency of Frequent 496 10.9 1, 1.36 0.72
milk intake

Infrequent 38 5.3

Frequency of Frequent 296 11.8 2, 0.17 0.92

tick Control Infrequent 165 10.9
None 132 10.6

Frequency of Frequent (daily) 181 17.7 2, 48.4 <0.0001

Watering Infrequent 
(<once per day) 102 21.6
None 251 0.8

Grazing Near (< 1 km) 143 21.0 1, 0.17 0.68
distance (from 
the homestead) Far (> 2km) 20 25.0

Calf age at start
Early (<one 
month old) 115 22.6 1, 18.8 <0.0001

of Late ( > one
8.4grazing month old) 476

Restricted Yes 390 13.3 1, 12.4 0.0004

grazing
No 143 2.8
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Table 7.12 (continued...................... )

Category Category
levels

No. of 
calves 
sampled

Proportion 
(percent) 
of dead 
calves

df, x2 p-value

c) Calf level variables
< 4 months 333 4.5 3, 136.1 <0.0001

Age >3<7 months 35 65.7
>6<10 months 76 25.0
>9<13 months 149 6.7

Breed Maasai Zebu 174 2.9 2, 18.4 0.0001
Crosses 347 14.1
Exotic 72 18.1

Sex Female 308 12.3 1, 0.69 0.41
Male 285 10.2

T. parva positive Yes (1) 281 0.5 1, 0.06 0.8
No (0) 198 0.4

T. parva Yes (1) 24 16.7 1, 0.8 0.37
seroconversion No (0) 491 10.8
T.parva lag Yes (1) 29 0 1, 0.15 0.70
seroconversion No (0) 196 0.51
T. mutans positive Yes (1) 307 0 1, 1.13 0.29

No (0) 172 0.7
T. mutans Yes (1) 32 12.5 1, 0.16 0.69
seroconversion No (0) 477 10.3

0.71T. mutans lag Yes (1) 27 0 1, 0.14
seroconversion No (0) 197 0.51

0.29 0.59A. marginale positive Yes (1) 324 0.3 1,
No (0) 155 0.7
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Table 7.12 (continued )

Category Category levels No. of 
calves 
sampled

Proportion 
(percent) 
of dead 
calves

df, X2
p-value

A .m a rg in a le Yes (1) 30 13.3 1, 0.61 0.43
seroconversion No (0) 255 19.2

A. m a rg in a le  lag Yes (1) 24 0 1, 0.12 0.73
seroconversion No (0) 200 0.5

B. b ig e m in a  positive Yes (1) 210 0.48 1, 0.03 0.86
No (0) 269 0.37

B. b ig e m in a Yes (1) 21 0 1, 0.10 0.75
seroconversion No (0) 208 0.5

B. b ig e m in a  lag Yes (1) 21 0 ne ne
seroconversion No (0) 200 0

ne = not estimated (due to zero in some cells)
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Table 7.13 Variables associated with calf mortality from the m ulti-variate analysis (OLI
Kajiado District (Longitudinal study, November 2000 - February 2002).____________

Category Levels
b

OLR 
SE (b

F ix e d  e ffe c ts

a) ra n c h e s OloshoOiborr (1), Nentanai(O) -1.10 0.39

b) F a rm  le v e l v a ria b le s

Frequency of watering Frequent (daily)(1), none(0) 3.6 0.79

Infrequent (<once per day) (1) , none 
(0) 2.9 0.78

c) C a lf le v e l v a ria b le s  

Age <4 months (1), >9< 13 months (0) 1.68 0.53

>3<7months (1), >9<13 months (0) 4.5 0.7

>6<10months(1), >9<13 months (0) 1.8 0.5
b )R a n d o m  e ffe c ts  

Farm

Key: b -  parameter coefficient estimate

SE (b). -  standard errer of the coefficient estimate 

ne not estimated
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Table 7.12 also shows that proportion of dead calves was significantly 

higher during the dry season (22.7 percent) compared to wet season (6.1 

percent) (p=0.0003 from OLR and 0.002 from GLIMMIX). Calves that were 

watered more frequently had significantly higher mortality (p<0.0001) 

compared to calves that were not watered at all (Table 7.12). Table 7.12 

shows that significantly higher proportion of calves died at the age of >3<7 

months (65.7 percent) compared to other ages. This relationship was also 

seen in the multivariate analysis where, calf mortality was significantly higher 

(p<0.0001) in calves that were >3<7 months old compared to calves that 

were >9<13 months old (Table 7.13). Table 7.12 shows that propotion the of 

dead calves was lowest in calves <4 months old and >9<13 month old 

calves. The multivariate analysis shows that <4 month old calves had higher 

mortality than >9<13 month old calves but the two classes are still lower than 

>3<7 and >6<10 month old calves (Table 7.13).

7.4. DISCUSSION

This study has shown a high degree of pastoralists’ cooperation 

possibly because of the potential benefits accruing from the study. Initially, 

majority of the pastoralists were not willing to allow young calves (less than 

one month old) to be bled. Continuous bleeding of calves was met with 

suspicion by some pastoralists. However, after some discussion and 

convincing the pastoralists they were willing to cooperate. Calves that were 

confirmed to be sick were treated and this enhanced the pastoralists’ 

confidence and cooperation. The one monthly interval visit for sampling of the
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herds enabled the principal investigator to observe changes in farm 

management, to verify new calf entries (due to births and gifts), to detect 

when young calves were first exposed to TBDs and to record morbidity and 

morbidity. However, even with increased intensity of visits to the herds, it was 

difficult to confirm the diagnosis of acute infections such as ECF and black 

quarter due to the short duration of the diseases.

The proportion of calves that had seroconverted to T. parva was 

significantly higher in Olosho Oiborr (58.2 percent) than in Nentanai (35 

percent) while the proportion of ECF clinical cases was significantly higher in 

Nentanai (8.8 percent) than in Olosho Oiborr (4.3 percent) indicating an 

inverse relationship between seroconversion and ECF clinical illness. 

Interestingly, the proportion of deaths that were attributed to ECF was higher 

in Olosho Oiborr (68.4 percent) than in Nentanai (54.2 percent). The results 

suggest that a direct relationship exists between seroconversion for T. parva 

and ECF mortality in Olosho Oiborr but no such relationship existed in 

Nentanai. It is possible that calves in Olosho Oiborr were more exposed to 

the vector that transmits T. parva. O’Callaghan (1998) also reported that the 

risk of ECF varied between different grazing management systems such that 

calves in semi-/full-pasture grazing management both seroconverted earlier 

and had higher levels of antibody activity. This study also shows that grazing 

management systems affected exposure to the T. parva infection measured 

by seroconversion rates. Furthermore, in Chapter six, the mean of total tick 

counts for R. appendiculatus were relatively higher in Olosho Oiborr than in 

Nentanai. There could be other factors such as differences in the distribution
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of breed that are able to tolerate T. parva infections. In chapters four and five, 

there were significantly more crosses and exotic calves in Olosho Oiborr than 

in Nentanai

The overall crude calf morbidity rate of 56.2 percent reported in this 

study was much higher than the calf morbidity rate of 20.7 percent recorded in 

smallholder dairy farms in Muranga District (Gitau et a!., 1999). Crude 

morbidity of calves among smallholder dairy farmers in Kiambu was also 

lower at 30.4 percent (O’Callaghan, 1998) and ECF-specific morbidity was 7.3 

percent. In the study by Gitau et al. (1999), morbidity was caused by ECF and 

was more common in calves that were kept in open-grazing areas than on 

zero-grazing farms.

In the current study, simple proportions showed that more calves were 

significantly getting sick in Nentanai (76.8 percent) compared to Olosho 

Oiborr (39.7 percent) but the incidence rate of morbidity was significantly 

higher in Olosho Oiborr (3.8/calf-year) than in Nentanai (1.4/calf-year). 

Results of the multivariate models (OLR and GLIMMIX) also show that the 

morbidity rate was significantly higher in Nentanai than in Olosho Oiborr. This 

discrepancy suggests that there were more chronically ill calves in Olosho 

Oiborr and short duration illnesses in Nentanai. Duration of a disease 

dgpgpcjg qpi timely diagnosis and administration of appropriate treatment. 

Proportionately higher cases of chronic diseases such as fleas, non-specific 

diarrhoea, helminthosis and warts were recorded in the study and there were 

rarely any attempts to control these diseases of calves among the Maasai 

pastoralists (Personal observations).
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The risk of calf morbidity was greatest during the first month of life and 

decreased gradually up to seven months while the proportion of the calves in 

the herds that did not fall sick during the first 12 months was 26.9 percent. An 

earlier survey of livestock diseases in Kajiado District (Bekure et a!., 1991) 

found that malignant catarrhal fever (MCF), Bovine otitis and helminthosis 

were the most important disease of calves. Except for helminthosis, none of 

the other diseases was encountered during the current study possibly due to 

lack of their sufficient causes in the study sites. In Kajiado District, sporadic 

outbreaks of MCF were seasonal and have been associated with the calving 

of the wildebeest (Grootenhuis, 1999), but no case was observed or reported 

during this study. Bovine otitis is an infection of the ear caused by the 

nematode Rhabditis bovis (Soulsby, 1982) but the conditions for infection are 

not clear. Indigenous knowledge among the Maasai usually associates the 

disease with the use of plunge dipping method for controlling cattle ticks. All 

the plunge dips in the study sites were non-functional due to either destruction 

or lack of water (Ole Katampoi et at., 1990).

The crude mortality rate of 11.2 percent reported in the present study 

was higher than 2.4 percent reported from an earlier survey in the same 

district but in different study sites (Bekure et a!., 1991) but lower than 23.3 

percent reported in Trans Mara District (Moll et a!., 1984). The risk of calf 

mortality in the present study was also high between 4-6 months of age. 

Similar observations were made that calf mortality increased when calves 

were sent out to graze (de Leeuw et at., 1991). Among the smallholder dairy 

farmers of Muranga District, Gitau et at., (1999) reported a crude mortality of
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7.4 percent, which was lower than 11.2 percent reported in this study. In 

Kiambu District, calf mortality on smallholder dairy farms was slightly higher 

(15 percent) and was caused mainly by diarrhoea and very rarely by ECF 

(Gitau et al., 1994). More than half of the mortality in the present study was 

caused by theileriosis. Other causes included anaplasmosis and black 

quarter. Lesser causes of mortality were ephemeral fever, intestinal 

obstruction, babesiosis and diarrhoea associated with excessive milk intake.

In the study by Moll et al. (1984), calf mortality was caused by 

starvation, neonatal diarrhoea, chronic indigestion and theileriosis. Elsewhere, 

among the agro-pastoral Fulanis of Nigeria, the highest probability of calf 

mortality was observed in the first month of life (Kudi et al., 1998) and was 

associated with lack of sufficient passive immunity due to inadequate 

colostrum intake and poor nutrition of dams especially during the dry season. 

In the present study, cumulative survivorship of calves during the first three 

months was high (96.3 percent) and this was attributed to the efficient 

management system that Maasai have adopted for young calves which are 

kept in and around the boma and rely exclusively on their dam's milk.

Generally, calf morbidity was highest during the wet season than in the 

dry season while mortality was higher during the dry period than in wet 

season. During prolonged dry season (drought) calf nutrition is very limiting. 

Calves have to trek longer distances for pasture and water. Apart from 

physical exhaustion and loss of weight trekking also increases the chances of 

exposure to diseases including TBDs (MacPherson, 1995). During the wet 

season, there is plenty of good pasture and water and calves are in good
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body condition. Although, wet season is associated with relatively high 

prevalence of vector borne diseases and helminthosis, exposure of calves to 

these diseases is limited due to less movement. However, transmission could 

still occur around the boma.

The distribution of calf morbidity and mortality varied with age. Calves 

that were <4 months old had significantly lower morbidity compared to calves 

that were >9<13 months old while mortality was highest in calves >3<7 

months. From the OLR results, morbidity of calves that were >6<10 months 

old was significantly low compared to calves that were >9<13 months old but 

not from the GLIMMIX analysis indicating some clustering effects. Calves that 

had no serum antibodies for A. marginale had significantly high morbidity. 

Calves that were >3<7 (4-6) months old had significantly higher

seroconversion for T. parva than 7-9 month old calves. This was further 

confirmed by the simple proportional and multivariate analysis that showed 

>3<7 month old calves had significantly higher mortality compared to 7-9 

month old calves. It is apparent that although most calves to at 4-6 months old 

were exposed to T. parva when they went out to graze high numbers of them 

died due to infection.

The longitudinal study has confirmed the findings of the cross-sectional 

study that most of the herds were in a state of endemic instability . One of 

the pertinent question is whether it is feasible to create a state of endemic 

stability” in Maasai pastoral herds and what are the alternative methods of 

achieving this. There is no straightforward answer to this because this study 

did not set out specifically to investigate factors affecting establishment of
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endemic stability. Further field studies are needed to estimate the minimum 

threshold of tick burdens and intensity of parasite infection necessary to 

establish endemic stability. In Trans Mara District which is more ecologically 

suited for R. appendiculatus because of its high elevation and higher and 

better rainfall distribution (Jaetzold and Schmidt, 1983), endemic stability was 

reported and was characterised by very low ECF-fatality proportions and 

close to 100 percent seroconversion in six months ageed calves. Proportional 

ECF-mortality was much high in this study while majority of the herds had low 

to moderate prevalence to TBDs.

In Maasai pastoral systems of Kajiado District, open-grazing 

management system exposed calves that were taken early (3-6 months old) 

to graze. Majority of them were not able to resist infection. During drought, 

calves trekked long distances for pasture and water and this increased the 

chances of exposure to TBDs. The current scenario where immigrant farmers 

from the high potential areas are buying land and settling in marginal lands of 

Kajiado District has introduced high quality and more susceptible animals into 

the district. The latter is bound to continue even in future. Thus, there is a 

small window of opportunity for targeting ECF immunisation in Kajiado 

District. Crossbred calves in the newly settled marginal areas of the district 

would be very important targets. During drought, areas that border the 

national parks such as Nentanai and Kuku ‘B’ were more susceptible to ECF 

infections and, therefore, it is recommended that targeting of such areas just 

before the drought could drastically reduce calf mortality. Increased 

vaccination coverage would enhance development of herd immunity while
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modification of acaricide application would allow build up of sufficient number 

of ticks necessary to sustain establishment of endemic stability. Application of 

Infection and Treatment Method (ITM) and acaricide usage would have to 

consider variation in ECF risk, which was affected by season (prolonged 

drought versus wet season) and movements of people and animals.

The study also suggests that calf management practices such as poor 

housing and overcrowding were major predisposing factors for high calf 

morbidity in early age of growth. During the RRA, poor calf housing was 

listed as one of the constraints to increased calf health and production in Kuku 

*B’ but not in Olosho Oiborr and Nentanai. The highest calf mortality 

coincided with the age when colostral antibodies had waned and calves 

started getting exposed to tick-borne diseases. It was concluded that more 

attention should be given to improving the management of calves early in life 

in order to reduce morbidity while integrated control of ticks and tick-borne 

diseases through spraying and possibly early immunization could improve 

health and reduce mortality of calves in pastoral herds.
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CHAPTER EIGHT

GENERAL DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS

Calf health and production in Maasai pastoral systems in Kajiado 

District is below optimum (Bekure et a i, 1991) but estimates of prevalence 

and incidence rate of morbidity and mortality and growth rate of calves are 

lacking thus making it difficult to design appropriate disease control strategies 

(Peeler and Omore, 1997). This epidemiological study was designed for the 

purpose of identifying the causes, and to estimate prevalence and incidence 

rate of morbidity and mortality and slow growth rate due to major diseases 

affecting calves in Maasai pastoral systems. In the past, majority of the 

studies ignored the indigenous or traditional knowledge and other 

socioeconomic factors that influence pastoralists’ decision-making process on 

how to treat and control animal diseases (Waters-Bayer and Water, 1984). In 

the design of this study, a deliberate decision was made to involve 

pastoralists and to incorporate their views on identification, ranking and 

analysis of constraints causing slow growth rate and high morbidity and 

mortality of calves in Kajiado District.

The study was implemented in three phases using a combination of 

different study approaches for data collection vis a viz a rapid rural appraisal, 

a cross-sectional survey and a longitudinal observational study. The RRA (a 

qualitative method) was to ensure pastoralists participation in the prioritization 

of constraints hindering the improvement of calf health and production and to

assess their perception of the causes of the constraints, their predisposing
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factors, coping strategies and opportunities for improving calf health and 

production in the district. It is important to point out here that the disease or 

diseases to be investigated during the cross-sectional and longitudinal studies 

were neither chosen by the researcher nor was the emphasis on tick-borne 

diseases envisioned. This emphasis was mandated by views and information 

provided by the pastoralists during the RRA.

There were a wide range of constraints affecting calf health and 

production in all the six different es that were sampled, but the four most 

important constraints were shortages of water and feeds .high incidence of 

disease and inadequate extension services. An earlier survey (Wandera et ai, 

1997a) also reported that water was a major constraint affecting the 

improvement of meat from goats and sheep in pastoral areas of Kenya. The 

main cause was inadequate permanent rivers and frequent droughts. 

Distribution of water sources varied between sites and included water pans, 

dams, boreholes, natural springs and wells. The two permanent rivers 

namely, Parkase and Nolturesh, have their waters available to a limited 

number of pastoralists due to the vastness of the es they traverse. The 

options for alleviating water shortage in the ASAL were very limited due to the 

lack of permanent rivers and the high cost of constructing dams and 

boreholes. However, there are opportunities for improving water sources such 

as development of roof catchment and dams.

Pastoralists in all the study es ranked theileriosis as number one 

constraint and reported that the disease was prevalent throughout the year 

although intensity varied with seasons. This was expected as temperature
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and rainfall have a significant influence on the abundance and longevity of its 

vector, R. appendiculatus (Norval et al., 1992). The study es adjacent to 

national parks such as Kuku B’ pastoralists reported that the peak of 

theileriosis infections occurred during the months of June and July which are 

relatively dry months of the year. One possible reason for this was the 

movement of wild game, especially buffaloes, from the game reserves into the 

settlement areas in search of water and forage during the dry season. 

Buffaloes are carriers of T. parva lawrencei which causes the fatal corridor 

disease of cattle (Grootenhuis, 1999)

Extension services, which offer an important pathway for dissemination 

and diffusion of agricultural technologies and intervention messages, were 

inadequate in Kajiado District. One option to overcome this constraint would 

be to employ more extension officers. However, due to the freezing of 

employment by the government it is recommended that communities identify 

local persons who could be trained in aspects of animal husbandry, disease 

control and treatment. The para-professionals have successfully been used 

in Sudan, Somalia, India and Nepal with considerable success (Catley and 

Leyland, 2001). In some areas of Kajiado District, para-professionals were 

trained in basic animal health knowledge but sought employment elsewhere in 

search of better salaried vocations (Wanasaba, 2004). Currently, family 

members provided the bulk of the animal health services in Maasai pastoral 

sytem while public veterinarians were mainly involved in disease control and 

issuance of various permits.
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Studies on identification of constraints affecting livestock productivity in 

pastoral systems are numerous (de Leeuw et a i, 1984; Bekure et a!., 1991; 

Blewett, 1995; Karimi et a!., 2005) but the intervention for mitigating them are 

yet to be tested. Such interventions include improvement of the feed 

resources, strategic anthelmintic treatment and vaccination against diseases 

(Wandera et a i, 1997a) and regulation of the private sector in the provision of 

animal health services (Hubl et al., 1998). In order to enhance uptake or 

adoption of any technology, the testing stage should ensure pastoralists’ 

participation while at the same time taking into account their socioeconomic 

environment.

The benefits of the RRA were low cost and the farmers’ feeling of 

prompt feedback. Within a duration of three days, it was possible to gather 

data on all major constraints, disease risk and control strategies. In Kajiado 

District, many similar surveys have been conducted and pastoralists reported 

that there had been very little feedback. They regarded the open discussions 

(guided by a checklist) as a prompt feedback because their questions were 

answered ‘on-site’. This helped to avoid the requirement for costly incentives 

and helped to gain farmer confidence during subsequent cross-sectional 

surveys and longitudinal studies. Thus, the RRA was an important exploratory 

tool to initially collect data, facilitate researcher entry and promote confidence 

of the farmers towards the research team.

During the cross-sectional study, livestock production systems in the 

district were characterised followed by quantification of the prevalence of the 

main tick-borne diseases. Morbidity rate, mortality rate and growth rate of
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pastoral calves reared under various calf management practices and different 

disease challenges were evaluated during the longitudinal studies. The level 

of cooperation by the participating farmers was excellent because out of the 

23 household that were recruited for the longitudinal study, only one opted out 

of the monitoring but later decided to re-enter into the study.

The design and sampling methods of the cross-sectional and 

longitudinal studies yielded data that were hierarchical in structure. This is 

because repeated measures were made on individual animals which were 

themselves grouped by farms and in turn the farms were grouped by es. 

Therefore, clustered or correlated responses, which were obtained, were 

accounted for in various multi-variable levels described in the thesis 

(Chapters five, six and seven). The consequence of ignoring them would be 

an underestimation of parameter variance estimates and residual error such 

that the potential for making wrong statistical inferences by erroneously 

rejecting true null hypothesis (Type I error) would be increased. In the current 

study, clustering or correlation of responses within ranches groups of animals 

either at the farm level, level or at ACZ level is important when targeting 

disease control strategies

Results from the RRA and cross-sectional studies show that Maasai 

Zebu cattle and their crosses with Sahiwal and Boran formed the majority of 

Maasai pastoral herds. For an average cattle herd sizes in the study area, the 

mean of 9.6 cattle per farm was comparatively higher than in the central 

Kenya highlands region (Gitau et a l, 1994; Gitau 2001). Keeping of the 

indigenous cattle, perceived to withstand the local physical and management
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conditions better than the exotic breeds (Syrstad and Ruane, 1998), was a 

security measure against the many constraints that beset the Maasai 

pastoralists. This study supports this hypothesis particularly given the lower 

mortality observed in the Maasai zebu compared to the exotic and the 

crosses. Except for mature body weights that are supposedly lower for 

indigenous calves compared to exotic or Bos taurus calves, growth rates of 

calves in Maasai pastoral systems also compared favourably with those of 

calves in high potential areas (Gitau eta!., 1994).

The majority of the bulls used to upgrade Maasai pastoral cattle are 

obtained from the Central Kenya or bought from a few large-scale farms 

within the Rift Valley. During the period of this study, the price of a breeding 

Sahiwal bull ranged from Ksh 40,000 to 60,000 (Personal observation). The 

majority of pastoral farmers in the region considered this price to be very high. 

As already alluded to, availability of credit facilities that could alleviate this 

problem are largely lacking (chapter 4). Moreover, for the sustainability of the 

credit lending facility, the market for livestock and their products needs to be 

ascertained for farmers to be able to repay their loans. Introduction of animals 

in the area was also uncoordinated and farmers in certain instances bought 

culled animals from large farms or stock traders. Such farmers were 

discouraged by the poor performance of the purchased cows. Several farmers 

who had Boran cattle during the span of the project had reverted to keeping 

local zebu breeds or failed to replace those that had died. Farmers 

complained of high cattle mortalities after end of the project because of fewer 

field veterinary staff to ‘look’ after the animals (chapter 4).
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The cross-sectional study showed that there were wide variations in 

sero-prevalence of TBDs for T. Parva, T. mutans, A. marginale and B. 

bigemina by ACZs and ranches, suggesting the existence of different 

epidemiological statuses for the four parasites in Kajiado District. The 

differences in seroprevalence of these parasites could be due to agro-climatic 

factors which influence the distribution of their vectors. However, 

seroprevalence alone is not sufficient indicator of "endemic stability". Other 

indicators that have been used to explain it include breed susceptibility, 

disease incidence, case-fatality and degree of tick challenge (Noval et al., 

1992).

The longitudinal study provided an opportunity to measure morbidity 

and mortality rates. More than half of the calf mortality (proportionate) was 

caused by EOF (68.4 percent in Olosho Oiborr and 54.2 percent in Nentanai). 

The overall mortality (11.3 percent) was higher than the 7.4 percent in the 

smallholder dairy farms in Muranga (Gitau et al., 1999) where open-grazing of 

calves was associated with greater exposure to ticks than zero-grazed calves. 

This study also showed that grazing management was an important exposure 

variable in determining the risk of exposure to TBDs. Majority of the herds that 

were investigated in this study were in a state of endemic instability and 

therefore highly susceptible to TBDs. This is unlike in the neighbouring semi- 

arid Trans-Mara district of where endemic stability was reported (Moll et al.,

1986). Variations of sero-prevalence for the parasites among ACZ, ranches 

and farms could result in differences in production losses among ranches and 

farms within each ranches.
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In this study, the results of the cross-sectional study confirmed the 

Maasai pastoralists perception of diseases causing poor calf health and 

production. Thus, using a combination of farmer’s perceptions, 

epidemiological prevalence and incidence assessments, it was shown that 

tick-borne diseases, especially theileriosis and anaplasmosis occurred in 

varying proportions throughout the study region and were indeed considered 

a major constraint to the Maasai pastoral sector. This study confirmed that 

tick-borne diseases were indeed prevalent in the whole of the Maasai pastoral 

region. The most commonly used drug for treatment of diseases including 

tick-borne diseases was various concentrations of oxytetracyclines while the 

control of tick-borne disease relied mainly on use of different types of 

acaricide and was found to be highly ineffective.

In conclusion, based on the foregoing results of this study on calf 

health and production in Kajiado District, the several recommendations on 

areas that require further investigations are suggested. Clearly, calf health 

and production in Maasai pastorals systems is currently under high risk of 

tick-borne diseases, especially ECF. The disease exists under endemic 

unstable conditions and any intervention strategies aimed and controlling 

these diseases should be designed against a background of these 

epidemiological states.. During a normal year where rainfall distribution is 

regular and there is no drought to warrant movement of animals, priority 

should be given to immunisation of pastoral herds in ACZ IV where the 

survival of the vector, R. appendiculatus, is expected to be higher because of 

favourable environmental conditions. Furthermore, with increased migration of
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people from the high potential areas and creation of more settlements, 

livestock production in the district will become more intensive. The ACZ IV is 

expected to have a higher proportion of crossbred cattle (Table 4.7) which are 

more susceptible to TBDs. From this study, calves on individual es had low 

prevalence of serum antibodies and therefore were at a higher risk of infection 

with TBDs. Livestock production in majority of the individual es is intensive 

and geared to commercial production. The quality of animals kept in individual 

es is also relatively high compared to those kept in communally owned land 

(Table 4.7). It is expected that immunisation of cattle would form part of 

routine disease prevention measures on the farm. As a result, survivability 

and off take of animals will increase thereby allowing the economics of scale 

to operate so that the cost of immunisation would be expected to decrease 

with increasing number of animals per farm (Muraguri et al., 1998).

Control and treatment of other TBDs (anaplasmosis and babesiosis) 

using the currently available methods and drugs should continue. Like in 

theileriosis, these diseases also existed under endemic unstable conditions. 

Therefore, research on the epidemiological and cost-benefit analysis of 

different control and treatment methods in pastoral herds should be initiated. 

Earlier reports indicated that T. mutans infection caused decrease in weight 

gains and low packed red cell volume (Moll et al., 1986). Further 

investigations are required for the epidemiological factors necessary for the 

infection and to quantify loss of production.

Routine vaccination against notifiable diseases such as LSD and black 

quarter would go a long way in controlling these diseases. At the time of
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implementation of the study, there was an outbreak of lumpy skin disease and 

black quarter. The latter caused 10 out of the 67 deaths reported in this study 

(Table 7.9). The outbreak occurred on one farm in Nentanai. Some farmers 

were not aware that there was a locally available vaccine (Blanthrax) for 

protecting cattle against the disease indicating the need for creating 

awareness and capacity building to improve usage of this and other vaccines. 

The need for capacity building among pastoralists in simple techniques of 

disease diagnosis and treatment was also identified during the RRA meetings. 

In general, pastoralists were able to identify predisposing factors of diseases 

affecti calves but not the actual causes and therefore quite often, wrong 

treatment was administered. Helminthosis was associated with decrease in 

weight gain. Nevertheless, the impact of gastrointestinal parasites of calves 

on production could be easily underestimated because all calves found to 

suffer from the disease were treated. This study made no provision for control 

ranches(non-treated) to allow meaningful comparison between groups. It is 

recommended that studies aimed at testing and demonstrating the effects of 

strategic anthelmintic use for control and treatment of gastrointestinal 

parasites of calves be initiated. Such studies should include cost-benefit 

analysis of the methods used.

Under the current policy of privatisation of public services in Kenya that 

have led to a decrease in public animal health providers, the shift to 

communities or groups arranging for the local animal health services was 

expected to continue (Hubl et a l, 1998). In Kajiado District, for example, 

farmers have formed community-based organizations (CBOs) that would
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serve as the entry points for the delivery of animal health services. However, it 

is anticipated that pastoralists will continue having problems with proper 

storage, accounting and restocking of drugs until they are trained in simple 

business skills such as record keeping, procurement, and preparation of 

balance sheets. Facilities such as a cold chain for vaccines and sera are also 

necessary. By and large, pastoralists would still expect the Government to 

fund the delivery of animal health services. It is pertinent therefore for the 

government, NGOs and other stakeholders to educate farmers on their roles 

in the framework of this change in policy.

Besides the need for application of appropriate and integrated 

interventions for strategic control of livestock diseases, future research should 

address calf nutrition and management aspects in Maasai pastoral systems in 

Kajiado District. Water shortage was cited as a major constraint to calf 

production and was attributed to lack of adequate permanent rivers in Kajiado 

District (Chapter 4). A temporary solution would be to harvest rainwater from 

roofs into big drums. However, this would work only during the rainy season 

and possibly the roof areas for water collection was too small to obtain 

considerable amounts of water. However, for the calves this source of clean 

water during the time of confinement could be of major significance. A more 

permanent solution is to drill more boreholes.

Feed shortage especially during the dry season was also listed as a 

major constraint for improved calf production in Maasai pastoral systems in 

Kajiado District (Chapter 4). Feeding packages based on haymaking and 

collection of browse legumes are relatively cheaper options for extension to
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these semi-settled pastoralists. Improvement of pasture in the reserve grazing 

paddocks (olopololis) through selective introduction of leguminous plant 

species should be tested as a means of improving calf nutrition. The majority 

of Maasai pastoralists also grow cereals such as maize and they should be 

encouraged to supplement calves with maize stover. The latter however, are 

bulky and of low nutritive value and could be offered along with urea- 

molasses blocks to improve efficiency of utilization. Urea-molasses blocks are 

cheap and readily available in many commercial shops.

It is apparent from literature review that studies on effect of varying milk 

intake on calf growth rate and survival are lacking in pastoral systems of 

Kajiado District. Similar investigations like those of Coulibaly and Nialibouly 

(1998) on the effect of suckling regime on calf growth, milk production and off 

take of Maasai zebu cattle are needed. Information generated from such 

studies should form part of broad recommendations for improving calf 

nutrition in pastoral systems.

There were opportunities for improvement of calf health and production 

that were identified by the pastoralists during the RRA meetings. The project 

also organised follow-up feed back meetings and farmer-exchange visits 

which exposed pastoralists to a variety of new opportunities such as 

availability of vaccines which could be used to control notifiable diseases of 

calves. However, cost of purchase and storage facilities were major 

hindrances cited. Pastoralists were encouraged to form CBOs where pooling 

of resources and organised sourcing of services and other inputs would 

improve delivery of animal health services while reducing some of the costs.
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By the time of completion of the study pastoralists in Olosho Oiborr and 

Nentanai had formed and registered the CBOs. Future livestock research and 

development activities should target the CBOs and other organised 

community based institutions for collaboration and further participatory 

approaches to ensure sustainability and increased uptake of technologies. In 

areas where CBOs do not exist, it is recommended that efforts geared to the 

formation of ‘common-problem’ farmer groups be initiated in order to improve 

service delivery.
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CHAPTER TEN

APPENDICES

Appendix 3 .1 :  R u ra l R apid  A p p ra is a l s u rv e y  on ca lf health  and  production

1. Q U E S T IO N N A IR E  N U M B E R --------------2 . IN T E R V IE W E R ......................... D A TE :___/-___/ - - -

P lease a n s w e r th e  fo llow ing q u e s tio n s  by putting a circle a ro un d  the correct answ er w herever choices 
are given
e.g. 1 ,2 ,3 , e tc

3 .A C Z 4 . D IV IS IO N 5.
R A N C H E S

6.
S U B -D IV IS IO N
S T A T U S

7.
L O C A T IO N

8.
S U B -L O C A TIO N

V IL L A G E /
T O W N

4
1. N g o n g
2 . M a g a d i
3 . M a s h u ru

1. O lo s h o -O ib o rr
2 . S h o m p o le
3 . E m arti

1. Subdivided
2. U nsubdivided

5 G P S  R E A D IN G

6 4 . N a m a n g a
5 . C e n tra l

4 . O ld o n y o  O ro k
5. N e n ta n a i

6 . Loitok itok 6 . K uku ‘B'

1. N am e S e x
1 =  m a le
2
fe m a le

3 .A g e  (ye a rs ) 4 . Level o f education  
0 =  none  
1=nursery  
2=prim ary  
3 = seco n d ary  
4=un ivers ity  
5= o th er co lleg es  
6= ad u lt education

5. Occupation  
1= teacher 
2=civil servant 
3=business  
4=no ne
5=student/pupil
6= farm er
7=O thers

6.
Responsibilities
1=chairman
2=vice-chairm an
3=secretary
4=vice-secretary
5=treasurer
6=vice-treasurer
7=m em ber
8=other
posts(specify)

1. J

2.

3.

4

10, Ind icators  o f h um an  p op u la tio n  in th e  ranches
S ize  o f ra n c h e s  

(acres o r h e c ta re s )
N o . o f m e m b e rs  in 

th e  ra n c h e s
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1. Do yc)u k e e p  the5 follow inc
o, uom posm on in the ran ches___________________________________________

S p ec ies  a n d  types Of livestock on  the ranches'? Answer 1 = u p c  nr 9-nn1.
Cattle

2 .
S h e e p

3.
G o a ts

4 .
C a m e l

5.
D o nkey

6.
C h icken

7.
Ostrich

8.
Rabbits

9.
B ees

10.
Pigs

11.
Others

2. Do yo u h a v e  th e fo llow ing b re e d s  a n d  typ es  of livestock on he ranches'? (put a -.irr.lp)
Breed
s
1=M z
2=S ah
3 = Bor
4=Frie
5=Ary
6=G u e
7=Jer
8=O th

1 = R m
2 = D o r
3 = B h p
4 = O th

1 = S E A
2 = G a l
3=oth

1 = S o
m
2 = P a k
3 = R e n
4 = G a b
5 = T u r
6 = S a
m
7 = O th

1=lnd
2=E x.b l
3 = E x .la

Cattle b reeds: M z -M a a s a i  z e b u , s a h -S a h iw a l,  bor=B oran, frie=Fries ian , ary=Aryshire, gue=Guernsey, 
je r=Jersey , o th = o th e rs

sheep b reeds: rm = re d  m a a s a i,d o r= d o rp e r,b h p = b la c k h e a d  pers ian .
G oat b reeds: S E A = S m a ll E a s t A frica , g a l= G a lla ;
cam el b reed s :s o m =s o m a li,p a k = p a k is ta n ,re n =re n d ille ,g ab = g a b b ra ,tu r= tu rk a n a ,s a m =s a m b u ru ;  
chicken b re e d s :in d = in d ig e n o u s ,e x b l= e x o tic -b ro ile rs ,e x la = e xo tic -la y ers ,

12. G ive six (6 ) reaso n s  fo r ke e p in g  th e  particu lar species or b reed  (1=m ost important, 2=second most 
important, 3 = th ird  m ost im p ortan t, 4 =  fou rth  and 5 = fifth reaso n , respectively)
M ain re a s o n s  s u g g es ted  inc lude: 1 =  S a le  for cash incom e; 2  = m eat for sale; 3 = m eat for household  
use; 4  = m ilk  fo r sale; 5  = m ilk fo r h o u seh o ld  use; 6  = h ides & skins for sale; 7 = hides and skins for 
household u se ; 8  =  traction; 9  = m a n u re  fo r sale; 10  = m an u re  for farm use; 11 = religious rituals; 12 =

Breed /typ es 1 2 3 4 5 6

M aasai ze b u

Sahiw als

Borans

G rade cattle

Red M a a s a i  
sheep
Black h e a d  
sheep
D orper s h e e p
East A fric a n  
goat
G alla  goat

Som ali c a m e l

Pakistan c a m e l

Indigen. c h ic k e n

Exotic ch icken

Ostrich

Donkey

Pigs
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Indicators fo r ty p e s  o f farm ing  a ctiv ities  o n  th e  ranc h o  
1 H ow  do y o u  c lass ify  yo u r fa rm in g  e n te rp ris e ? --------

1. m ainly livesto ck 2 .m ixed
livesto ck /cro p
s

3 .M ain ly  
crops

2 .Crop e n te rp ris e
1.
g ro w n ?
1 = y e s
2 = n o

2 .
A c re a g
e

3.
M an u r
e
used?
1=yes
2=no

4 .
P rim ary  use:
1 =
subsistence  
2 =  cash  
inco m e  
3 = a n im a l feed

5.
Secondary
uses:
1=subsistence
2=cash
incom e
3=anim al
feed

6.
Tertiary uses: 
1=subsistenc  
e
2=cash
income
3=animal
feed

1. m aize

2. beans

3. sorghum

4. millet

5. pigeon p e a

6. w heat

7. barley

8. kales (s u k u m a  
wiki)
9. cab b ag es

10. onions

11. cassava

12. sw eet p o ta to e s

1 3 . b an an as

14. N ap ie r g ra s s

15. fruit tre e s

16 .desm o diu m

17.lucerne
1 8 .natural p as tu re
1 9 .sown p a s tu re

2 0 .m u lti-p urpo se  
trees

14. List th e  g e n e ra l constra in ts  to lives to ck  production - p a ir-w ise  ranking

C O N S T R A IN T

15. List th e  c a u s e s , coping m e c h a n is m s  and  opportunities for the constraints listed in 14.

C O N S T R A IN T C A U S E S C O P IN G  M E C H A N IS M O P P O R T U N IT IE S

16. List th e  d is e a s e s  th a t c a u s e  h igh  d ea th  and slow  growth rate  of calves -  pair-w ise ranking

D IS E A S E

c IktprH in17. List th e  c a u s e s , opportunities for the diseases listed in 16.
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C O N S T R A IN T C A U S E S C O P IN G  M E C H A N IS M O P P O R T U N IT IE S

rik iM <:p«/nr * 'm e  ^e a r (s e a s o n a l c a len d ar) w h en  various calf m an agem en t activities and

A C T IV IT Y /
D IS E A S E J F M A M J J A S 0 N D O T H E R  R EM A R K S

Births
W eaning

Castration

Selection

Dehorning

V accinations

Dew orm ing

Tick control
D isease
treatm ent

Sale
Buying

D iseases

19. Ind icate  th e  tim e  w h e n  th e  fo llo w in g  c a lf m a n a g e m en t activ it

.1. A C T IV IT Y T IM E W h o  does it? O T H E R  R E M A R K S

1. W aterin g  superv is ion
2 .Herding
3 .D ip p in g /sp ray in g
4 .M ilk in g /c a lf suckling
5 .C onstruction  o f c a lf b o m a
6 .G enera l tre a tm e n t
7 .C astration
8 .D ehorn ing
9 .Selling o f m ilk
10-C lean in g  b o m a  (h y g ie n e )
11 .Splitting o f  c a lf herd
12 V a c c in a tio n
13. S lau g h te rin g

es are done

2 0 . P ercep tio n  o f w ea lth  d v  tne  co m m u n ity  
1 W h a t c rite ria  do  you u se  w h e n  y o u  ta lk  of a 
rich and p o o r h ou seh o ld , e .g . a s s e ts ?

2 . Ind icate s ize , num bers, etc
I .R ic h
household

2. M edium  
household

3 .Poor household

1 I anrl n r  fa r m  s i7e  _____

2 .S p ec ies  o f  
livestock o w n e d

1. ca ttle  n u m b e rs

2  s h e e p  n u m b e rs
3  a o a ts  n u m b e rs
4 . o th e rs (s p e c ify )
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3. Fam ily s ize
1. w iv e s
2. b oy
3. g irls
4 . h ired  lab o u r

4. i ype ot n o u s e  : 1 = s to n e /b ric k s ,2 = iro n -  
sheets 3 = tile s ,4 = m u d , 5 = w o o d  6 = th a tr h
5. Source o f inco m e: 1 S a la r i e d  (e .g . civil 
servant/teach er), 2 = b u s in e s s ,3 .  
others(specify)
Education level: 0 =  none, 1 = p rim a ry  
2 = seco n d ary  3=u n ivers ity , 4 = o th e r  

colleges, 5 = a d u lt  ed u ca tio n

How often do  you  w a te r th e  ca lf?  S o u rc e  o f the  w a te r and s easo n a l m ovem ents  
including d is ta n c e ?  ________________

Season S o u rc e  o f w a te r : 1=p iped , 2 = b o re h o le , 
3 = p o n d s , 4 = p a n s , 5 = d a m s , 6=river, 7 = lak e  
8 = ro c k  c a tc h m e n t, 9= ro o f ca tch m en t, 
1 0 = o th e rs  (sp e c ify )

distance to
watering

source

Frequency  
of watering

Dry season

W et season

W h ere  do y o u  g ra z e  your c a lv e s  d u rin g  th e  dry and th e  w et s easo n  and how far (distance  
in km) from  th e  b om a?  ________________________________________________________

Season T y p e  o f p as tu re : 1 = reserve  (olopololis); 
2 = n a tu ra l p a s tu re , unim proved; 3= im p ro ved  
p as tu re

distance to  
grazing  

pasture

Frequency
of
m ovement

Dry season

W e t season

23. Do you s u p p le m e n t y o u r c a lv e s )?  A nsw er: 1 =  yes or 2 = no 
If yes, w h a t d o  you  s u p p le m e n t w ith  a n d  at w hat a g e ? _______________
Type of s u p p le m e n t  
: 1 = m in e ra ls

2 = Acacia tortilis
pods,

3 = crop  re s id u es
4 = o th e rs  (specify)

A g e  w h e n  supplem entation  starts?
1 =  b irth  -  1 w eek,; 2 = 2 w e e k s  -  4  

w e e k s , 3 =  1 m onth -  2 m onths;
4  =  3  m o nths - 6  m onths; 5  =  7  months -  

9  m o n th s ; 6  = 10 m onths -  12  months; 7 
= o v e r  12  m onths

Source o f supplement: 
1= purchase from shop 
2= purchase from 
neighbour 
3= from own farm  
4=  natural soil/rock 
5=others (specify)

Do you contro l h e lm inths (w o rm s ) in yo u r ca lves?  A nsw er: 1 yes or 2 no
If yes, at w h a t o f the  c a lf  do  you s ta rt controlling and w h at m ethod and /o r type o f chemical do you

u s e r
1 .Age w h e n  contro l starts  
1 = b ir th -w e e k , 2  =  2 -4 w e e k s ,
3 = 1 m onth  -  2  m onths,
4  = 3 m o n th s  - 6  m onths,
5 = 7 m o n th s  -  9  m onths,
6  = 10 m o n th s  -  12  m o n th s ,
7 = o ver 1 2  m o n th s

2 .= M e th o d s  of control 
1 = d ren c h in g  with  

anthelm intics  
2 = in je c ta b le  
an th elm in tics  
3 = g ra z in g  restriction  
4 = tra d itio n a l 
tre a tm e n t  
5 = o th e rs  (specify)

3 .T y p e
chem icals  used

of 4 .S o urce  of the 
chem ical

1= purchase from  
shop
2= purchase from 

neighbour 
3= from own farm  
4=  natural soil/rock 
5=others (specify
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Appendix 3 .2 . C ro s s  sectional survey  o n  c a lf health  and  production  in Kajiado District

1. ID E N T IF IC A T IO N  O F  S T U D Y  S IT E

D A TE ....................  1 2  Q U E S T IO N N A IR E  N U M B E R -------------

1.3. IN T E R V IE W E R .......................................... 1 4  N a m e  of respondent: ............................

1.4 AEZ: 1) IV  2 ) V  3 ) v i

1.5 ranches n a m e :

1) O lo sh o O ib o rr 2 ) S h o m p o le  3 )  O lod on yo  O ro k 4) E m arti 
5) N antena i 6 ) Kuku ‘B ’

1.6 Is the ra n c h e s  sub d iv id ed ?  1 ) Y e s  2 ) No

2. G P S  R E A D IN G :

3. H O U S E H O L D  IN F O R M A T IO N

3.1 H o useho ld  n o .......................

3 .2  H o useho ld  N a m e :............................

3 .3  Is the  h o u se h o ld  h ead  ( m a le s  o n ly  ) m o n og am ou s (M ) o r polygam ous (P )?  1) M  2) P

3 .4  If the  h o u se h o ld  h ead  ( m a le s  o n ly  ) is polygam ous, how  m an y wive does he h ave?

3 .5  If the  h o u se h o ld  h ead  ( m a le s  o n ly  ) is polygam ous, a re  all the wives living together in the sam e  
bom a or m a n y a tta ?  1) Y e s  2 )  N o

3.6 . If th e re  a re  severa l w iv e s  living to g e th e r in th e  sam e m an ya tta  or bom a, how do they m anage the 
milking a n im a ls ?  each  w ife  m a n a g e s  and  milks the ir own anim als; milking anim als are herded and 
milked to g e th e r, pooled  m ilk s h ared  a m o n g  the w ives; C o llec tive  herding but milking separate for each  

wife, milk n o t p o o led  tog eth er; o th e rs  (d escrib e )

3 .7  If th e re  a re  severa l w iv e s  living to g e th e r in the  s a m e  m a n ya tta  or boma, does each  one own 

ca lves /k id s  /la m b s  s e p a ra te ly ?

1) Y e s  2 ) N o

3 .8  If Q u e s tio n  3 .7  is N o, a re  th e  k id s /la m b s /ca lv e s  pooled tog eth er during herding?

1) Y e s  2 ) N o

3 9 H o u seh o ld  s ize  and  c o m p o s itio n  (List th e  n am es o f household m em bers starting with the 

household h e a d  (H H ) g iv ing  all d e ta ils  in the  tab le below)
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Household m e m b e rs  inc lu des  all th e  p e o p le  w hom  th e  h ou seh old  head  (m ale or fem ale ) lidentified 
as norma y iv ing  in the b o m a . It in lu d e s  m em b ers  w ho  are  u sually  absent (em ployed in town or 
attending b o a rd in g  school) a s  long a s  th e y  w ere  exp e c ted  to return to the bom a to live in the next six

1. N am e 2. S ex

1 =  m a le
2 = fe m a le

3 .A g e  
(y e a rs )

R e lationsh ip  w ith
household  h ead
1 =w ife
2=so n
3= d a u g h te r
4 = fa th e r
5 = m o th e r
6 = se rv a n t
7=o th ers

4. Level of 
education  

0=  none 
1=nursery  
2=prim ary  
3=secondary  
4=university  
5=other colleges  
6=adult education

5. Occupation  
0=none  
1 =
pupil/student 
2= business 
3= teacher 
4=civil servant 
6=farm er 
7=Others

1.
2.
3.
4.
5.

3 .1 0  N a m e  o f M a n y a tta .....................................
3.11 Total n o . o f h o u seh o ld s  in M a n y a tta .....................

3 .1 2  W h ich  y e a r  did you re g is te r a s  a  m e m b e r of th e  ran ches?  19

3 .1 3  For h o w  long h ave  y o u  b een  o n  th is  site?

less than 1 y e a r  2 ) b e tw e e n  1 -3  y e a rs  3 ) b etw een  3 -5  years  4 )  betw een 5 -1 0  years 5 ) over 10 years

3 .1 4  W h e re  w e re  you  b e fo re  you c a m e  to settle  h ere?  ..........................................................................................

3 .1 5  H ow  fa r  (d is tan ce ) w a s  it from  p re s e n t b o m a/m an ya ta  s ite?  ............................................. Kilometres

3 .1 6  G ive  re a s o n s  w hy  you  m o ved  to  th e  present s ite ...............................................................................

3 .1 7  H ow  w o u ld  you c lass ify  y o u r s o u rc e s  of incom e?

1) From lives anim als and product sa les 1) 0 - 2 5 %  2) 26 -5 0 %  3) 5 1 -7 5 %  4) 7 6 -  100% 5) 

none

2) from cro p  s a le s  1) 0 - 2 5 %  2 ) 2 6 - 5 0 %  3 ) 5 1 - 7 5 %  4 ) 7 6 - 1 0 0 %  5) none

3) O ff-fa rm  e m p lo y m e n t 1 ) 0 - 2 5 %  2 )  2 6  -  5 0 %  3 ) 5 1 - 7 5 %  4) 7 6 - 1 0 0 %  5) none

3 .1 8  S ize  o f  th is  farm ?  ....................................A cres.

A rea  u n d er p a s tu re  .....................................A c re s
3 .1 8 .2  A re a  u n d er crop  fa rm in g  ...................................A cres

3.19 If No, why haven’t you acquired your title deed? R eason....................

. 2 0  Do you own other land elsewhere? 1) Yes 2) No

3.21 If Y e s , how did  you a c q u ire  th e  land ?  1) R e n t e d  3) a llocated during
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L IV E S T O C K  S P E C IE S  A N D ^ Q M P Q S |T |q N |N THF H O U S E H O L D

4.1 Do y<3u k e e p  t

-----------—— -  '"" 1 irc iM b  h u u s f h d i  n

ie  fo llow ing  s p e c ie s  and  types o f livestock on  the ranches?! ) yes  2 ) no

Cattle Sheep Goats Cam el Donkey Chicken Ostrich Rabbits Bees Pigs Others

4 .2  Do you h a v e  th e  fo llow in g  b re e d s  and  types o f livestoc:k on the ranches? (put a a rcle)

Breeds

1) M z
2) Sah
3) Bor
4) Frie
5) Ary
6) G ue
7) Jer
8) Oth

1)
R m
2 )
D o r
3 )
B hp
4 )  
O th

1 ) S E A
2 )  G al
3 ) oth

1) S o m
2 ) P a k
3 ) R e n
4 ) G a b
5 ) T u r
6 ) S a m
7) O th

1) Ind
2 ) Ex.b l
3 ) E x.la

K ey: C a ttle  d reeds: M z = m a a s a i ze b u , sah =sah iw a l, bor=boran, frie=friesian, ary=aryshire,
g u e= g u ern sey , je r= je rs e y ,o th = o th e rs
sheep b re e d s ::rm = red  m a a s a i,d o r= d o rp e r,b h p = b la c k h e a d  pers ian .
G oat b reeds: S E A = S m a ll e a s  a fr ic a ,g a l= g a lla ;
cam el b reed s :s o m =s o m a li,p a k = p a k is ta n ,re n =re n d ille ,g ab = g a b b ra ,tu r= tu rk a n a ,s a m =s a m b u ru ;  
chicken b re e d s :in d = in d ig e n o u s ,e x b l= e x o tic -b ro ile rs ,e x la = e xo tic -la y ers ,
4 .3  L ivestock h erd /flock s tructures  in th e  household  _______________________________ _
1. Cattle B reed ing

C ow s
B ree d in g

bulls
C as tra ted

bulls
4. M a le  calves  
(less 1 year)

5. Fem ale  
calves

2 .C am els B reed ing
F e m a le s

B ree d in g
m ales

C astra ted
m a le s (m a tu re )

4. M a le  calves 5. Fem ale  
calves

3. S h eep B reed ing
E w es

B ree d in g
ra m s

C astra ted
ram s

4. M ale  lambs 5 .Fem ale  
lambs

4. G oats 1 .B reed in g  
d oes

2 . B reed ing  
bucks

3 .C a s tra ted  
bucks

4. M ale  kids Fem ale kids

4 .4  G ive six (6 )  reaso n s  fo r k e e p in g  th e  particu lar species  (1 -m o s t  important, 2 second  
most im p ortan t, 3= th ird  m o s t im p o rtan t, 4 =  fourth and  5 -  fith reason, respectively)
M ain re a s o n s  s u g g es ted  include: 1 =  S a le  fo r cash incom e; 2  = m eat for sale; 3 = m eat for household 
use 4  = m ilk  fo r sale; 5  =  m ilk  fo r h o u se h o ld  use; 6  = hides & skins for sale; 7  = hides and skins 
for h o u seh o ld  use; 8  = traction; 9  =  m a n u re  for sale; 10 ^ m a n u re  for farm use; 11 = religious n.uals;
12 = b reed in g ; 1 3  =  e g g s  fo r sale; 1 4  =  e g g s  for household  u se . 15 -  transport,

16=  blood 17= o th e rs (s p ec ify ).
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Types
Cattle

1 2 3 4 5 6

Sheep
Goats
Cam els
Donkeys
Chicken _

O T H E R  T Y P E S  O F  F A R M IN G  A C T IV IT IE S  O N  T H E  F A R M

5.1 H ow  do  you  classify  y o u r fa rm in g  en terp rise?

1. m ainly livesto ck 2 .m ixed  
lives to ck /c ro p s

3.M ain l 
y crops

5 .2  Crop e n te rp ris e 1.
Is it 
g ro w n ?

1 = y e s
2 = n o

2 .
A c re a g e

3.
M an u re
used?

1=yes
2= n o

4 .
P rim ary  use:

1= subsistence  
2 =  c ash  incom e  
3 = a n im a l feed

5.
Secondary uses:

1=subsitence  
2=cash incom e  
3=an im al feed

6.
Tertiary uses:

1=subsistence  
2=cash income  
3=anim al feed

1. m aize

2. beans

3. sorghum

4. millet

5. pigeon p e a

6. w heat

7. barley

8. kales (s u k u m a  
wiki)
9. cab b ag es

10. onions

1 1 . c assava

12. sw eet p o ta to e s

13. b an a n a s

14. n ap ier g ra s s

15. fruit tre e s

16 .d esm o d iu m

1 7 .lucerne

1 8 .natural p as tu re

1 9 .sown p a s tu re
20 .m u lti-p u rp o s e
trees
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RESOURCE ENDOWMENT

W hat kind o f s h e lte r o r h ou sin g  do y o u  h a v e ?

iron sheets ’ ro o f 5 ) wal l s  a n d  r o o f 'm " 5 3^.w o ° den w a lls - iron sheets’ roof 4) m ud walls, 
'  m u a, w a lls  a n d  ro o f 6 )  m ud w alls , thatch  7 ) pure thatch 8) others (specify)

W hich one o f th e  follow ing re s o u rc e s  d o  you own on the  farm  o r household?

vehicle 2 ) tra c to r 3 )  p lough  4 )  c a rt 5 )  m otorbike 6 )  b icycle 7 ) radio 8) television

Which o f th e  fo llow ing  farm  im p le m e n ts  do you own on the fa rm ?

1) jem b e 2 )  p a n g a  ) s p a d e  4 )  c ro w b a r 5) axe  6 ) p um p 7) muttock 8 ) others (specify) 

A C T IV IT Y  P R O F IL E , A C C E S S  A N D  C O N T R O L  O F  R E S O U R C E S  A N D  B E N S F IT S  

^  “  th e  kind o f re s o u rc es  a r e  u sed  w hen  th e  follow ing ca lf m anagem ent activities are  

W ho h a s  a c c e s s  and contro l o f th e  resources?

1 A C T IV IT Y 2 .R E S O U R C E S 3 .A C E S S E D  B Y ?
1=m an; 2=w ife;
3=m o ran; 4 = b ig  girls; 
5=sm all boys; 6 = sm all girls; 
7 = m a le  servant 
8 = fe m a le  servant 
9=co m m un ity, 10=others

4 .C O N T O L L E D  BY?

1=m an; 2=wife;3=m oran; 
4=big girls; 5=sm all boys; 
6=sm all gir1s;7=male servant 
8= fem ale  servant, 
9=com m unity, 10=others

1. w atering  o f ca lves

2. milking o f d am

3. H erd ing  o f ca lves

4. S a le  o f m ilk

5. T re a tm e n t o f sick 
anim als

6. T ick  contro l /  
spraying

7. T se ts e  contro l

8. T ry p a n o s o m o s is  
trea tm ent

9. D e w o rm in g

10. C a s tra tio n

11. H o u s e

234



construction

12. H ouse  c le an in g

13. O n -fa rm  u se o f 
m anure

7.2 Ind icate  th e  kind of re s o u rc es  a re  u sed  w hen  th e  follow ing ca lf m anagem ent activities are

W h o  h as  a c c e s s  and  contro l o f th e  benefits

1 .R E S O U R C E 2 .A C E S S E D  B Y?
1 = m a n ; 2=w ife;
3 = m o ra n ; 4=b ig  girls; 5= sm all boys; 
6 = s m a ll girls; 7 = m a le  servant 
8 = fe m a le  servant 
9 = co m m u n ity , 10=o thers

3 .C O N T O L L E D  BY?

1=m an; 2=wife;3=m oran; 
4=big girls; 5=sm all boys; 
6=sm all g irls;7=m ale servant 
8= fem ale  servant, 
9=com m unity, 10=others

1. B enefits  fro m  an im al s a les

2. B enefits  fro m  m ilk s a les

3. B enefits  fro m  hides s a le s

4. B enefits  fro m  skin s a les

5. B enefits  m a n u re  sa les

C A L V IN G  A N D  N U R S IN G  O F  T H E  N E W B O R N  C A L F

8.1 H ow  m a n y  ca lve s  w e re  born a liv e  on  your farm  in the p ast 12 m onths?.....................

8 .2  H ow  m a n y  ca lve s  w e re  born d e a d  or aborted  in the past 12  m o n th s ? ....................

8 .3  In th e  las t 12  m onths, w e re  th e re  ca lve s  that b ec a m e  sick, w ere  treated and recovered or 
died? 1) y e s  2 ) no

If yes, how  m a n y  w e re  tre a te d  a n d  rec o v ere d  or d ied  from  th e  following sicknesses?

Sickness T rea ted Recovered D ied

H e a d w a te r
B abesiosis o r red w a te r
O ther T ic k -b o rn e  d is e a s e
Foot and m o u th  d is e a s e
Difficult k idd inq /lam bin q
Hind limb p ara lys is
Foot rot
Lam eness
Sw ollen lym p h  n od es  /g la n d s
W ounds on  th e  body
Difficult b re a th in q
W e a k n e s s  d u e  to  s tarvatio n
Born w e a k
Bottle ja w  o r o e d e m a _______________________ _
M ad n es s /c irc lin a /s ta r q a z in q
Ahnrtinns
Diarrhoea
P n eu m o n ia
A b scesses___________ ________________________
Bloat_________________________________________
Predation____________________________________
Poisoning ---------------------
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Accidents
T rypan oso m o sis
C C B P P ( Olkipiei)
Red urine
Anthrax
B lackquarter
Bloody d ia rrh o e a
O rf
M ange
C ongenital a b n o rm a lities
Internal p a ras ites

Blue ton gu e
Fleas

W h ere  do m o st o f your ca lv in g  o cc u r?

1) on p as tu re  2) in the  b o m a  3 ) o th e r  p laces  (specify)

During ca lv in g , w h a t p erc e n ta g e  o f th e  tim es  is so m eo n e  p resent?

1 ) 0 - 2 5 %  2 ) 2 5 -5 0 %  3 ) 5 0 - 7 5 %  4 )  7 5 -1 0 0 %  5 ) U nknow n

8 .7  Do you v a c c in a te  th e  c a lv e s  a g a in s t any  d iseases?  1 )y e s  2) no

8 .8  T yp e o f v acc in e : 1 .............................................................................................
2.............................................................
3 ..............................................................................................

8 .9  H ow  so o n  a fte r k idd in g /lam b in g  d o  you s ep ara te  the k id /lam b  from the dam ?

1) im m ed ia te ly  2 ) <  4  h ou rs  3 ) 4  -  1 2  hours 4 ) 12 -  24  hours 5) 24 - 48 hours 6) 4 8  - 72 hours 

C A LF H O U S IN G

How do y o u  h o u se  th e  c a lf  a fte r s e p a ra tio n  from th e  dam ?

outdoor, tied  in c a lf  b om a 2 )  o u td o o r, fre e  in ca lf bom a 3) indoor/in house 4) others (specify)

8 .10.1  A re  c a lv e s  h ou sed  to g e th e r w ith  kids and lam bs?  1) Y e s  2) No

8.11 If c a lv e s  a re  kept ind iv idu ally  im m e d ia te ly  a fte r birth, a t w h a t age do you begin to group 

them  to g e th e r?

1) < 2  w e e k s  2 ) 2 - 4  w e e k s  3 ) 4  -  6  w eeks  4 ) 6 - 8  w e e k s  5) > 8  w eeks

8 .1 2  If c a lv e s  a re  put to g e th e r into ran ch e s p e n s , h ow  m an y a re  usually put per pen?

1) 2 - 4  2 )  4 - 6  3) 6  -  10  4 )  >  10

8.12.1  W h a t  is th e  A R E A  o f the c a lf  h o u se ?  -------------------------------------------  square m etres

8 .1 2 .2  W h a t  m ate ria l is th e  h ou se  ro o f?  1) grass 2 )  m ud 3 ) iron sheets 4 ) others 5) none

8 .1 2 .3  W h a t  m ateria l is th e  w all o f th e  house?  

8 .1 3  H o w  o ften  do  you c le a n  the  c a lf  a re a ?

1) grass 2 ) m ud 3) tim ber 4) iron sheets 
5) life fen c e  6) mathanzu 7) others 8) none

• _nH seaso n  2 ) once p er month, wet season only 3) once during 

I d T s e a s o T T S a ? r e s 7 u r i n g  t h e ^ t 's e a s o n  P5 , none 6 , others (speedy)

8 .1 4  D o  y o u  use an y  tre a tm e n t a fte r  c lean ing  th e  calfb a re a ?  1) yes 2 ) no
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8.15 If yes, w ha t chem icals or products do you use? ( including ash)

M ILK IN G , C A L F  S U C K L IN G

How do y o u r c a lf  usually  re c e iv e  th e ir  first colostrum ?

1) free suckling  2 ) a ss is ted  suckling  3 ) nursing bottle 4 ) bucket feeding 5) others (specify) 

How soon a fte r  birth do m o s t o f yo u r c a lv e s  receive  colostrum ?

1) < 2 hours 2 ) 2  — 6  h o u rs  3) 6  — 12  hours 4 ) 12 - 2 4  hours 5) not known 

During the  first m onth  a fte r birth, h o w  o ften  is the ca lves  a llow ed  to suckle in a day?

1) once only 2 )  tw ice  on ly  3 ) th re e  t im e s  only 4 ) four or m o re  times  

W A T E R IN G  O F  T H E  C A L V E S

At w hat a g e  do  you start o ffering  w a te r  to your ca lves?

no offered 2 )  <  2  w e e k s  3 ) 2 -  4  w e e k s  4 ) 1 -  2  m onths 5 ) 2  -  4  months 6 ) 4 -  6  m onths  
6 - 9  m o n th s  8 ) 9 - 1 2  m o n th s

H ow  is th e  w a te r  o ffe red ?

1) p a il/b u cke t/b as in  2 ) as  fo r ad u lt 3 )  others (s p e c ify ) .................................

10.2.1 If c a lv e s  a re  taken  to  th e  d a m /riv e r/s tre a m  w h at d is tan ce  do the w alk? ......................... KM

H ow  o ften  is th e  w a te r o ffe red ?

1) once d a ily  2 ) tw ice  d a ily  3 ) a d  lib itum  ( unlim ited) 4 ) o th ers  (specify) 

D oes th e  fre q u e n c y  of w a te r in g  d iffe r w ith  the seaso n ?  1) yes  2) no

If y e s , g ive  re a s o n s  w hy

W h a t a re  th e  vario us  s o u rc e s  o f w a te r  during the dry seaso n ?  W h o  owns them  and how far 

from the h o u s e /b o m a  a re  they?
Sources o w n e rs h ip  d is tance  (km )

1. S tream  ............................. ..........................................
2. pond ............................. ..........................................
3. shallow  w e lls  ............................  ..........................................
4 . borehole  ............................. ..........................................
5. piped w a te r  ............................. ..........................................
6 . dam  ............................  ..........................................
7. roof c a tc h m e n t ............................. ..........................................
8. rock c a tc h m e n t ........................... ..........................................
9. R iver .........................  ..........................................
10. o thers

W h at a re  th e  vario u s  s o u rc e s  o f w a te r  during the w e t 
from the h o u s e /b o m a  a re  they?
Sources o w n ersh ip .
1. S tream  .........................
2. pond ........................
3. shallow  w e lls  ........................
4 . borehole  ........................
5. piped w a te r  ........................
6. dam  ......................
7. roof c a tc h m e n t .........................
8. rock c a tc h m e n t .........................
9. river

s easo n ?  W h o  

d is tance  (km )

owns them  and how far
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10. others

H E R D IN G  D U R IN G  G R A Z IN G

At w hat a g e  do  you start to o ffe r g ra s s /fo ra g e  to th e  ca lves?

1) not o ffe red  2 ) < 2  w e e k s  3 ) 2  - 4  w e e k s  4) 
4 - 6  m onths 7 ) 6 - 1 2  m o n th s

- 2  m onths 5) 2 -  4 m onths

W h at kind o f fo ra g e  is o ffe re d  to th e  c a lve s ?

natural p as tu re , fre e  g razing  2 ) n a tu ra l pasture, cut and  
4) sw eet p o ta to  v ines  5 )  le g u m e s  6 )  o thers  (specify )

carry  3 ) napier grass

Do you s u p p le m e n t the c a lv e s ?  1) Y e s  2 ) No  

If yes, w h a t su p p le m e n ts  do  you g iv e  c a lve s ?

1) m inerals  2 ) co n cen tra te s  3 ) p o rrid g e  4 ) A cacia  ponds 5 ) crop  residues 6 ) sisal 7 ) others (specify) 

D IS E A S E  C O N T R O L  A N D  T R E A T M E N T  

T IC K  C O N T R O L

Do you con tro l ticks on y o u r fa rm ?  1 ) Y e s  2) N o  

If Yes, w h a t a n im a ls  do you  tre a t fo r  ticks?

1) adult c a ttle  2 ) ca lves  o n ly  3 ) a d u lt sheep  and  goats 4 )  kids/lam bs  
5) others (s p e c ify ) ....................................

W h at d is e a s e s  do  you h o p e  to p re v e n t by controlling ticks? 1) O ltikana (E C F )
2) O lom iro  (H e a rw a te r ) 3 ) B a b e s io s is  or R ed  w a te r (urine) 4 ) Anaplasm osis  

5) O thers  (s p e c ify )........................................

W h at m e th o d  do  you u se  to con tro l ticks on you r farm ?  (could be a com bination of two or more 
m ethods)

1) dipping 2 )  spraying  3) hand p ick in g  4 )  g razing  m a n a g e m e n t 5) pour-on 6 ) spot-on 
7) others (sp e c ify )

At w hat a g e  do you begin tick con tro l for ca lves?

1) less 1 m o n th  2 ) b e tw e e n  1 -2  m o n th s  3 ) 3 -6  m onths 4 ) 7 -1 2  months 5) over 1 year 

W h at s e a s o n  o f th e  y e a r d o  you c o n tro l ticks?

1) all y e a r  round  2) w e t s e a s o n  3 ) dry s easo n  4 ) only when ticks found on body

12.7 Is y o u r m etho d  o f tick contro l d iffe ren t d ep end ing  on th e  season of year?  1) yes  2) no

Exp la in ......................................................................................................................................................................................

12.8  Is y o u  m e th o d  of tick contro l fo r  adu lt sheep  and  goats  d ifferent from that of ca lves? 1) yes 2) no

Exp la in ......................................................................................................................................................................................

W h en  you  con tro l ticks, h o w  o fte n  d o  you do it ?

a  \ nQ ril,o o t ox twice Der week 3 ) once every  two weeks 4) once every three weeks 
5) once per month 6 ) less  than  once per month 7 ) when tick burden is high 8) others (specify)

12 .10  D o e s  th e  fre q u e n c y  o f tick co n tro l dep end  on the s easo n ?  1) yes 2) no 

Exp la in ....................................................................................................................................
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12 11 |s you frequency o f tick contro l different for the adult cattle and the calves? 1) yes 2) no

Explain............................................

If you o f tick con tro l, w hich dip tank do you  us and how far is it from your farm?

D is ta n c e  from  farm : 1) <  1 km  2 ) 1 -2  km  3) 2 -3  km 4) 3 -5  km 5) > 5  km

Produrt(T)Ctr w n e ^  C° ntr01 by s p ra y in 9- w h a t product(s) or acaric ide (s ) do you use?

C oncentration  o f p ro d u ct................................
A c a r ic id e .............

How m uch  o f th e  con cen tra ted  p ro d u c t do you use  to m ake  this volume of spray?  
V o lu m e  o f c o n c en tra ted  p ro d u c t : ..................................(litres)

A p proxim ate ly  h ow  m a n y  litres o f th e  final m ixture do  you spray  on each A D U L T  cattle?  
V o lu m e  p er A D U L T  c a t t le ..................................  (litres)

12 .16  A p p ro x im a te ly  h ow  m a n y  litres  o f th e  final m ixture do  you spray on each calf?  
V o lu m e  p er c a lf ........................................ (litres)

H E L M IN T H  C O N T R O L

12.17  D o y o u  d ew o rm  L IV E S T O C K  (in g en era l) 1) yes  2 ) no

12 .18  If y e s , w h a t ra n c h e s o f a n im a ls  do  you dew orm ?

1) adult ca ttle  2 )  ca lve s  3 ) s h e e p  a n d  goats 4 ) k ids /lam bs 5) others (specify)

W h en  do y o u  s tart d ew o rm in g  y o u r c a lve s ?

1) less 1 m o n th  2 ) b e tw e e n  1 -2  m o n th s  3) 3 -6  m onths 4 ) 7 -1 2  months 5) over 1 year

W h at d is e a s e s  do  you h o p e  to p re v e n t by controlling helm inths?

1) tap e w rm s  2 )  gastro in tes tin a l n e m a to d e s  3 ) liver flukes 4 ) others (specify)

W h at m eth o d  do  you u se  to con tro l ticks on you r farm ?  (could be a com bination of two or more 

m ethods)

1) d renching  2 ) in jec tab le  3 ) g ra z in g  m a n a g e m en t 4 ) o th ers  (specify)

W h at s e a s o n  o f the  y e a r do  you h e lm in th s?

1) all y e a r  round  2 ) w e t s e a s o n  3) dry seaso n  4 )  only when parasite eggs seen in faeces

12 .23  Is y o u r m ethod  o f h e lm in th  con tro l d ifferent d ep end ing  on the season of year?  1 )y e s  2) no 

Explain .....................................................................................................................................................................................

Is you m e th o d  o f helm inth  contro l fo r  adu lt sheep /g o ats  d ifferent from that o f calves?

1) yes 2 )  no
Explain .....................................................................................................................................................................................

W h en  you  contro l h e lm inths, h o w  o ften  do  you do it ?

once p er y e a r  in w e t s e a so n  2 ) o n c e  p er ye a r in w e t seaso n  3 ) tw ice per year 4 ) three  times per 

year only w h e n  p aras ite  e g g s  s e e n  in fa e c e s  6 ) others (specify )

12.25 D o e s  the f re q u e n c y  of helminth control d ep e n d  on th e  season? 1)yes 2) no

E xp la in .....................................................................................................................
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dc/vou ^ ® ^ nthelm intics  fo r H e |m in th  contro l by d rench ing  or injection, w hat product(s)

1* yes ,r2)qUnonCy ° '  he'm inth C° n,r° l d ifferent for ,he adu"  shepp/goats and the calves?
Explain..............................................

M ethod o f a p p lica tio n P ro d u ct R o ute  o f adm inistration V o lum e (mis)

Drenching

Injection

T S E T S E  C O N T R O L

Do you contro l T S E T S E  flie s  on y o u r fa rm ?  1) Y e s  2 ) No

If yes, w h a t m e th o d  o f con tro l do y o u  u s e  to control tse tse  flies on your farm  (could be a combination 
of d ifferent s tra teg ies )?

dipping 2 ) sp ray in g  3) h an d  p icking  4 )  g razing  m a n a g e m e n t 5 ) pour-on 6 ) spot-on 7) trapping

8) others (s p e c ify ) ...................................

Against w h a t c lass  o f a n im a ls  do y o u  contro l tsetse  fies?

all cattle 2 )  ad u lt cattle  o n ly  3 ) c a lv e s  only 4 ) s h eep  and  goats 5) kids/lam bs 6 ) others ( specify)

W h at d is e a s e s  do you h o p e  to  p re v e n t by controlling tse tse  flies? O ltikana (E C F ) 2) Olomiro  
(H e a d w a te r) 3 ) B abes io sis  o r re d  w a te r  (urine) 4 ) A n ap lasm o sis  5) Trypanosom osis 6) Others 

(specify)

T R Y P A N O S O M O S IS  C O N T R O L

12 .32  Do you treat your livestock against T R Y P A N O S O M O S IS  ? 1 )Y e s  2) No

12 .33  If y e s , W h a t  c lass o f a n im a ls  d o  you r treat aga in st trypanosom osis?

All cattle 2 )  ad u lt cattle  on ly  3 ) c a lv e s  only 4 ) s h eep  and  goats 5) Kids/lam bs 6 ) others ( specify)

W hich M e th o d  do  you u s e  to contro l trypan oso m o sis?

1) dipping 2 )  spraying  3 ) h an d  p ick in g  4 ) g razing  m a n a g e m en t 5) pour-on 6) spot-on s tra p p in g

8) c h e m o p ro p h y lax is  9 )o th e rs  (s p e c i fy ) ..................................

At w hat a g e  do  you start to tre a t c a lv e s  against trypanosom osis?

less than 1 m o n th  2 ) 1 -  2  m o n th s  3 )  3  -  6  m onths 4 ) 7 -  12  months 5 ) over 1 y e a r

W h at s e a s o n  o f th e  y e a r d o  you co n tro l trypanosom osis?

all year ro u nd  2 ) w e t s e a s o n  3 ) d ry  se a so n  4 ) only w hen  flies seen)

W h en  you  tre a t aga in st try p a n o s o m o s is , how  often  do you do  it?
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1) once p er w e e k  2 ) tw icw  p e r w e e k
per month 6) less  than once Der m o n th  uV 6ry  tW0 w e e k s  4 ) once every three w eeks  5) once 

once p er month 7) when population of tsetse Is high 8) others (specify)

W h at C H E M IC A L S  o r D R U G S  do y o u  u se  to  control T S E T S E  flies?

W hat C H E M IC A L S  or D R U G S  do
y o u  u se  to treat T R Y P A N O S O M O S IS ?

W IL D L IF E  IN T E R A C T IO N

or dhnk0w ater? 0ll0W m 9 W'ld a n 'm a ls  a re  c o m m on in the  s a m e  areas  w here your livestock graze

l io n ^ o n P o n r r d 1\ S h Uffal0 ^ , g ira ffe  5 ) ^ b r a  6 ) w ild e b ee s t 7) eland 8 ) antelopes
a o e J T ?  o«ftrfrh11i 7^ h a  1?  Wlld d ° 9 s e  g- foxes  13) bab oo ns  14) m onkeys  3p6s 16) ostrich  17) o th ers  (s p s c ify )

W hich is th e  n e a re s t n ation a l p ark  o r g a m e  reserve  ?

13 .3  H o w  fa r  is from  th e  b o m a to th e  p ark /re s e rv e ?  ................ (km )

13.4 Do you  g e t a n y  b en efits  from  th e  w ild life  or KWS? 1) Y e s  2) no

13.5 If no, list fo u r th ings th a t could  e n s u re  benefits  from  w ild life  or KW S
1................................
2...................................
3  ...........................................................
4 ................................................

If yes, list fo u r ben efic ia l th ings fro m  w ild life  or K W S
1....................................................................................................
2........................................................
3  ...................................................................................................................
4  ...................................................................................................................

D E L IV E R Y  O F  A N IM A L  H E A L T H  S E R V IC E S

14.1 W h e n  an  a n im a l is sick w hich  o f th e  follow ing do  you consult?  1) Private Vet, 2 ) Govt.Vet, 
C A B A H A , 4 )T ra d itio n a l M e d ic in e  m a n  5 ) Self, 6 ) D o  nothing

Sickness P erso n
c o n su lted

T re a tm e n t given: 1) antbiotic  
2 ) anthelm intic  3 ) herbs  
4 ) acaric ide  5) trypanocide  
6 ) m ultivitam ins 7 ) others

Consultant response  
1)delayed 2 ) Im m edia te  
3 ) none

H e a d w a te r
B abesiosis o r red  w a te r
O ther T ic k -b o rn e  d is e a s e
Foot and m o u th  d is e a s e
Difficult c a lv in g
Hind limb p ara lys is
Foot rot
L am eness
Sw ollen lym p h  n od es  
/q lands
W ounds on th e  body
Difficult b re a th in g
W e a k n e s s  d u e  to  
starvation
Born w e a k
Bottle ja w  o r o e d e m a  
M ad n ess /c irc lin g /s ta r  

gazing
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Abortions
Diarrhoea
Pneum onia
A bscesses
Bloat
Predation
Poisoning
Accidents
T rypan oso m o sis
C C P P ( Olkipiei)
Red urine
Anthrax
B lackquarter
Bloody d ia rrh o e a
O rf
M ange
C ongenital ab n o rm a lities
Internal p a ras ites
Blue tongue
Fleas

W h at a re  y o u r sou rces  o f c h e m ic a ls  a n d  or drugs ? H ow  fa r ? H ow  reliable are they?

Type of d rug S o u rc e D is tan ce Reliability

1. Antibiotics

2. A caric ides

3. A nthelm intics

4. T ryp an o c id es

5. M ultivitam ins

6. H erbs

7. V acc in es

8. O thers

L IV E S T O C K  M A R K E T IN G

W hich o f th e  fo llow ing c la s s e s  o f a n im a ls  did you S E L L Jn  th e  last 12 months?  

cattle 2 ) s h e e p  3 )  g o a ts  4 ) c a m e ls  5 )  chicken  6 )  d on keys  7 ) others  

W hich o f th e  fo llow ing  c la s s e s  o f a n im a ls  d id  you B U Y  in th e  last 12 months?  

cattle 2 ) s h e e p  3 )  g oats  4 ) c a m e ls  5 ) chicken  6 )  d on keys  7) others
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t

W hat w e re  th e  b u y in g / se llin g  p rices  o f  th e  class o f an im a ls  p er h ead?

ca ttle s h e e p g oats c a m els chicken donkeys others
Buying price

Selling price

R eason(s) 
for buying

R eason(s) 
for selling

W hich of th e  fo llow ing  p ro d u cts  did y o u  S E L L /B U Y  in the  last 12  m onths? W h at w as the buying/selling 
price per un it?  W h y  did you  h av e  to  se ll o r buy?

M e a t M ilk H id e s Skins M an u re Eggs H oney others

Buying price

Selling price

R eason(s) fo r  
buying

R eason(s) fo r  
selling

W hich a re  th e  n e a re s t m a rk e ts  w h e re  you  sell/buy livesto ck /an im al products? How far are they?

N am e of m a rk e t D is tan ce  fro m  bom a to the  m arket (km )

1.

2.

3.
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The follow ing q u es tio n s  will b e  c o m p le te d  for each  
Circle or fill in T h e  a p p ro p ria te  re s p o n s e

Appendix 3.3: Longitudinal survey on c a lf health
and production - initial household visit

or a n sw er
c a lf aged  b etw een  O N E  D A Y  TO  12 M O N T H S .

C alf Id no.
---- ■w^wviiuiu 1

S ex
u ./iN a m e ..

□ a te  o f B IR T H  
(w h e re  
p ossib le) O r  
a g e  in days, 
w e e k s , m onths

In te rv ie w e r ........
D a m  Id n o . ... Sire Id. No.

B re e d :!) .M a a s a i  
zebu 2 ).S a h iw a l,
3) Boran
4) Exotic 5 )  o th ers

1. m a le
2. fe m a le

B ree d  1)M aasai 
z e b u  2)S ah iw a l 3) 
B o ran  4 ) Exotic 
5 ) o th ers

Breed: 1).M aasai zebu  
2 ).S ah iw a l, 3) Boran 
4) Exotic 5) others

H IS T O R Y  O F  T H E  C A L F

S IC K N E S S /C O N D IT IO N

1) yes
2 )  no

■y oik-MicsbCb/uunanions OlINC-fc 
T Y P E  O F  T R E A T M E N T ::
1) none, 2 ) antibiotic, 3) 

nthelm intics, 4 )  traditional,5) 
trypan oc id es, 6 )  vaccination  
7) o thers

b IK  I n  <
BY W H O ?
1) S e lf 2) GoK Vet 
3) Private  Vet 4) 
P aravet 
5) Tradition  
m edicinem an

1. the ileriosis  (O /d /k a n a )
2. Foot a n d  m o u th  
diseas e(Oloilobi)
3. Difficult ca lv in g
4. Hind lim b  para lys is
5. Foot rot

6. L am e n e s s
7. S w ollen  lym ph nodes

8. W o u n d s  on  th e  body
10. W e a k n e s s  d u e  to s tarvatio n
11. Born w e a k
12. Bottle ja w  o r o e d e m a
1 3 .M a d n e s s /c irc lin g /s ta r g az in g
14. A bortion
15. D ia rrh o e a
16. P n e u m o n ia
17. A n ap la s m o s is
18. B loat
19. P red a tio n
20. P o ison ing

21. A cc id en ts
22. T ry p a n o s o m o s is

23. C B P P
24. R ed  u rine
25. R in d e rp e s t

26. A n th rax
27. B lack q u a rte r
28. B loody d ia rrh o e a
29. R ing w o rm
30 L um py skin d is e a s e
31 C o n g e n ita l ab n o rm a lities

32. In tern a l p aras ites

33. F le a s
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2. T y ^ o tT c c in e T s r .3 ^  V a tX in a ,io n  S IN C E b a h ?  Y e s  . . . .  O r  

Dates or m o n th  o f v a c c in a tio n ............ ..................................................................

a n y  a M h e lm i" ti“  a N C E B ! R I H ?  Y e s  . . . .  

D ates or m o n th  a n th e lm in tic  g iv e n .............. ...............................................................

4. H as th is  c a lf b ee n  s p ra y e d  o r d ip p e d  S IN C E  BIRTH'? y oc
D ates or m o n th  an th e lm in tic  g iv e n ............  ...............  Y es
Type o f c h e m ic a l u s e d ? ... .

No

O r No

O r No

5. H as this c a lf  rece ived  a n y  p ro p h y la c tic  (p reven tive ) m ed icatio n  S IN C E  B IR T H ?  Y e s ....... or No

6. Type o f m e d ic a t io n s .......................................
D ates or w e e k  or m onth o f m e d ic a tio n  . . . . .

9. C U R R E N T L Y , w h a t is th is  c a lf fe e d in g  on and h ow  m an y tim es

1) co lo strum
2 ) m ilk
3 ) fo ra g e  (Lalerorasho)
4 ) fo ra g e  (Olopololi)
5 ) fo ra g e  (open  p as tu re )
6 ) m in e ra l s u p p le m e n t
7 ) le g u m e s  e .g . pods
8 ) W a te r
9 ) c ro p  res id ues  

10) O th e rs  (sp ec ify )

fre q u en cy
per day?

10. H ow  w o u ld  you  c lassify  th e  a p p e tite  o f this calf?
1) A n o rex ic  2 )  p o o r (less  than  n o rm a l) 3 ) norm al (a v e ra g e ) 4 )  great (higher than average)

C L IN IC A L  E X A M IN A T IO N
11. Body con d itio n  score 1) ve ry  th in  2 ) fair 3 ) good 4 ) fat
12. R e s p ira to ry  r a t e : ..................................(b rea th s /m in )
13. T yp e o f cou gh : 1) a b s e n t 2  ) in freq u e n tT n o rm a l” 3  ) frequent/harsh
14. D y sp n o ea : 1) ab s e n t 2 )  m ild 3 )  m o d e ra te  4 ) severe
15. N asal d is c h a rg e : 1) a b s e n t 2 )  s e ro u s  3 ) m ucoid 4 )p u ru le n t 5 ) haem orrhagic 6)others
16. M en tatio n : 1 )a le rt/n o rm a l 2 )d u ll/d e p re s s e d  3 ) o thers (specify)
17. G a it/la m e n e s s : 1) n o rm a l 2 ) a b n o rm a l/la m e
18 .S kin /co at: 1) sm ooth  a n d  sh in y  2  ) rough a n d  raised  3 ) som e alopecia 4) extensive alopecia 5)
w ounds
1 9 . R ecta l te m p e ra tu re : ..............°C
20 . H e a r t /P u ls e  ra te : ............................ b e a ts /m in
2 1 . R u m en  m ortility: 1) a b s e n t/n o  m o tility  2 )  w e a k  contractions 3) strong contractions
2 2 . U rination: 1) a b s e n t/d iff ic u lt  2 )b lo o d y  3) norm al
23. D e fae c a tio n : 1) a b sen t/d ifficu lt 2 )  d ia rrh o ea  3 ) b loody 4 ) mucoid 5) parasite eggs 6)normal

24 . Labia: 1) n o rm a l 2 )  a b n o rm a l D e s c rib e :......................................... •...............
2 5  V aq in a l d isch arg e- 1) a b s e n t 2 )  s e ro u s  m ucoid 3 )p u ru len t 4)haem orrhag ic  5)b loody tinged 
26! V a g in a l m u co u s  m e m b ra n e s : 1 ) p in k /norm al 2 ) p a le /W h ite  and M ead ow  3) jaundiced 4)

b lu ish /cyanotic  .
5 ) h a e m o rrh a g e s  6 ) con jested /in jected

2 7 . R u m en  m ortility: 1) a b s e n t/n o  m o tility  2 ) w e a k  contractions 3) strong contractions

28. No. o f ru m e n  con trac tio n s  p e r m in u te ........... • • ........• ••••• ........•••■ . .
29 . S u perfic ia l lym ph n od es: 1) n o rm a l 2 ) sw ollen 3) b urned  4) swollen and burned
30  W e iq h t o f th e  calf (to nearest 0 .5  o f a  K g ) ...............................  H eart girth... . . . . . .......cm  ( ................
3 l !E y e s 9 1) n o rm a l 2) la c rim atio n  3 ) se ro u s  d ischarge 4 ) m uco-purulent discharge 5) sunken

6) b lindness

kgs)
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32. Tick counts:
Species Eyes Ears Face Horn

base
Dewlap
and
Brisket

Udder
or
Scrotum

Tail Perineum Body Limbs

Rhipicephalus
appendiculatus
Rhipicephalus evertsi
Rhipicephalus
pulchellus
Rhipicephalus simus
Rhipicephalus
sanguineous
Boophilus
decoloratus
Boophilus microplus
Amblyomma gemma
Amblyomma
variegatum
Hyalomma sp
Others.
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The follow ing q u es tio n s  w ill b e  c o m o le te d  for „
Circle or fill in th e  a p p ro p r ia te  re s p o n s e  or “  a 9 e d  betw een  O N E  D A Y  T O  12 M O N T H S .
1 Date 2 . H o u s e h o ld  no  /N a m e

C alf Id no ------- ^ -LIg / I N a m ,e ............. .............In te rv ie w e r ....................................

Appendix 3 .4 :Longitud ina l survey on c a if hooith
th and production- follow up household visit

B re e d :1 ).M a a s a i ze b u  
2 ).S ah iw a l, 3 )  B o ran  
4) Exotic 5 ) o th e rs

m a le
fe m a le

D a te  o f L A S T  
V IS IT  (w h ere  
possib le) O r 
ag e  in days, 
w e e k s , m onths

D a m  Id no.

B reed 1 )M aasai 
zeb u  2 )S ahiw al 3) 
Boran 4 ) Exotic  
5) others

Sire Id. No.

Breed:
1 ) .M aasai zebu
2 )  .Sahiwal, 3) 
Boran 4) Exotic

S IC K N E S S /C O N D IT IO N

1 ) yes  
2 )  no

<-Miei>5>es/conamons s i in U c  
T Y P E  O F  T R E A T M E N T :  
1)n o ne , 2 )  antibiotic,
3 ) anthelm intics

4 )  trad itional, 5) 
tryp an o c id es  6) 
vaccin atio n  7) others

LAS 1 V IS I17 
BY W H O ?
1) S e lf 2) GoK Vet 
3) Private  Vet 4) 
P aravet 
5) Tradition  
m edicinem an

1. theileriosis  (O /d /k a n a )

2. A n ap lasm o sis  (Lip is)

3. H eart w a te r  (O lo m iro )
4. B abes io sis

5. Foot a n d  m o u th  d is e a s e  
(Oloilobi)
6. Difficult ca lv in g

7. Foot rot

8. L am e n e s s

9. W o u n d s  on  th e  body

10. W e a k n e s s  d u e  to s ta rva tio n

11. Born w e a k

12. A b ortions

13. P n e u m o n ia

14. Bloat

15. P red a tio n

16. P o ison ing

17. A cc id en ts

18. T ry p a n o s o m o s is

19. C B P P
20. R in d e rp e s t

21. A n th rax

22. B la c k q u arte r

23 . Ring w o rm

24. Lum py skin d is e a s e

25. C o n g e n ita l a b n o rm a lities

26. In tern a l p a ras ites

27. F leas

28. O th ers  (sp ec ify ) OT 1/10 IT  O r\r
If yes. how many days p o s t-v a c c in a tio n ?  1 ) o n e  2 ) 2 -3  d ay s  3 ) 4 -7  d ays  4) 8 -1 4  days

*  * *
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Type of chem ica l used?..

4. C U R R E N T L Y , w h a t is th is  ca lf fe e d in q
1) co lo strum
2 ) m ilk

3) fo ra g e  (Lalerorasho)
4 ) fo ra g e  ( Olopololi)
5 ) fo ra g e  (o p en  p as tu re )
6 ) m in e ra l s u p p le m e n t
7 ) le g u m e s  e .g . pod s
8 ) W a te r
9 ) cro p  re s id u es
1 0 ) O th e rs  (sp e c ify ) 1) n o n e  2 )

on and h ow  m an y  tim es  per day?
1) none 2) ad  lib itum  3) once 4 ) twice 

1) none 2 ) ad  lib itum  3 ) once 4 ) twice 
) none 2 ) ad  lib itum  3) once 4 ) twice 

) none 2 )  ad lib itum  3) once 4 ) twice 
1) none 2) ad  lib itum  3) once 4 ) twice 

1) none 2 ) ad lib itum  3) once 4 ) twice 
1 )n o n e  2) ad libitum  3) once 4) twice  

1) none 2 ) ad lib itum  3) once 4 ) twice 
1 )n o n e  2) ad  libitum  3) once 4 ) twice  

ad  libitum 3) o n ce  4 ) tw ice 5) others

5) others 
5 ) others 
5 ) others 

5) others 
5) others 

5 ) others 
5) others 

5 ) others 
5) others

5. How w o u ld  you  c lassify  th e  a p p e tite  o f this calf?

1) A n orex ic  2) poor ( le s s  than n o rm a l) 3) n orm al (a v e ra g e ) 4) great (higher than average)

C L IN IC A L  E X A M IN A T IO N

11 Body condition score E v e ry th in  2) fair 3) good 4) fat
2. T yp e o f cou gh : 1) a b s e n t 2  ) in freq u e n tT n o rm a l” 3  ) frequent/harsh
3. N asal d is c h a rg e : 1)i a b s e n t 2 )  s e ro u s  3) m ucoid  4 )p u ru le n t 5 ) haem orrhagic 6 )o thers

14. t y e s . l )  n o rm a l 2 ) la c rim a tio n  3 )  serous d isch arg e  4 )  m uco purulent d ischarge 5) sunken 6)
15. M en ta tio n : 1 )a le rt/n o rm a l 2 )d u ll/d e p re s s e d  3 ) o thers (specify)
16. G a it/la m e n e s s : 1) n o rm a l 2 )  a b n o rm a l/la m e
17 .S k in /co a t. 1) sm o oth  a n d  sh in y  2  ) rough and  raised  3 ) som e alopecia 4) extensive alopecia 5) 
wounds
1 8 . R ecta l te m p e ra tu re : ............. °C
19. U rination: 1) a b s e n t/d iff ic u lt  2 )b lo o d y  3) norm al
20. D e fae c a tio n : 1) a b s e n t/d iffic u lt 2 )  d ia rrh o ea  3 ) b loody 4 ) mucoid 5) parasite eggs 6)normal
21 . Lab ia: 1) norm al 2 )  a b n o rm a l D e s c rib e :.............................................................................
22 . V a g in a l d isch arg e: 1) a b s e n t 2 )  s e ro u s  m ucoid 3 )p u ru len t 4 )haem orrhag ic  5)b loody tinged 
M ucous m e m b ra n e s : 1) p in k /n o rm a l 2 )  p a le /W h ite  and  M e a d o w  3) jaundiced  4) bluish/cyanotic

5 ) h a e m o rrh a g e s  6 ) con jested /in jected
24. S u perfic ia l lym ph n o d es : 1) n o rm a l 2 ) sw ollen 3) burned  4 ) burned
25 . W e ig h t o f  th e  ca lf (to  n e a re s t 0 .5  o f a  Kg) .................... H e a rt girth.............. cm ( ....................kgs)
26 . T ick cou nts : ___________

Species E ye s E a rs F a c e H orn
base

D ew lap
and
B riske t

U dde r
o r
S cro tum

Ta il P erineum Body Lim bs

R h ip ice p h a lu s
a p p e n d icu la tu s
Rhipicephalus evertsi
Rhipicephalus
pulchellus
Rhipicephalus simus
Rhipicephalus
sanguineous
Boophilusdecoloratus
Boophilus microplus
Amblyomma gemma
Amblyomma
variegatum
Hyalomma sp
O thers.

D ia g n o s is : ...................................................
T re a tm e n t g iven : ) .................................

O ther a d v ic e  g iven  to f a r m e r : .........
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Appendix 4 .1  S u m m a ry  o f th e  c a u s p *  a n H 
in Kaiiado D istric t _ _ _ _ _  a n d  " P ' " 9  s ,ra ,e 9 « s

C a u s e _______

1 . L a c k  o f rain
2 . A n  a c t o f G o d

Shortage o f  
w ater

1. D ro u g h t
2 . W ild life  d e s tro y  d a m s
3. O v e rs to c k in g
4 . L a c k  o f p e rm a n e n t rivers

1. D am s, 2. W a te r pans, 3. Spring w ater 
4 . Lake  w ater, 5. R iver w ater  
6 . Shallow  wells, 7. Boreholes  
8 . R o of catchm ent w aterHigh in c id en ce  of 

diseases
1. H ig n  p re v a le n c e  o f vectors

2. P re s e n c e  o f w ild life
3. U n co n tro lle d  m o v e m e n t o f 
a n im a ls , e s p e c ia lly  from  T a n z a n ia
4 . In a d e q u a te  k n o w le d g e  o f d is e a s e  
tre a tm e n t/p re v e n tio n  m ethods
5. In a d e q u a te  e x te n s io n  staff
6. N e w /u n k n o w n  d is e a s e s
7. P o o r  a n im a l h u sb an d ry
8. In a d e q u a te  d is e a s e s  d iagnosis  
by s e lf
9 . V e ry  e x p e n s iv e  drugs

e .g . b u ta le x , territ
10 . P o o r a n im a l nutrition

1. Individuals treat their own animals
2 . Vaccination
3 . U s e  traditional m edicine
4 . S p ray  against ticks using acaricide
5 . M inera l supplem entation

Inad equ ate
extension
services

1. G o K  fro zen  n e w  fie ld  staff 
e m p lo y m e n t
2. N o rm a l s ta ff  a ttrition  e g. through  
re tire m e n t, d e a th
3. L a c k  o f tra in in g  opportunities
4 . S ta ff  tra n s fe r  w ith o u t 
re p la c e m e n t
5. H ig h  illite racy  level
6 . Inab ility  to  a ttra c t qualified  
p ers o n n e l d u e  to  h arsh  env iron m en t

1. Individuals treat their own animals
2 . U se  C om m unity A nim al health 
assistants
3 . U se  traditional m edicine

Feed s h o rta g e 1 . F re q u e n t d ro u g h t
2 .  P re s e n c e  o f w ild life  
3 .O v e rs to c k in g

1 .R eserve  grazing pastures
2 . Cull anim als for sale
3 . M igrate to highlands
4 . M ove  to G oK  land e .g . KARI Kiboko

C o m m un al land  
tenure sy s te m

1. L a c k  o f f in a n c e s  fo r survey and  
sub d iv is ion
2 . L e a d e rs h ip  w ra n g le s  resulting in 
p o o r m a n a g e m e n t o f resources

Subdivision of ranches into individual 
units

W ildlife m e n a c e 1 .  H ig h  p o p u la tio n  o f w ildlife cau s e  
p re d a tio n  a n d  c o m p e te  for p asture  
a n d  w a te r  w ith  livesto ck
2 .  L a c k  o f c o m p e n s a tio n  follow ing  
p re d a tio n  or d es tru c tio n  o f crops
3 . T ra n s m it d is e a s e s  to livestock
4 . L a c k  o f fe n c in g  o f land b ecau se  
lan d  is c o m m u n a lly  ow ned
5 .S e v e re  res tric tio n  o f w ildlife  

c ro p p in q  ---------------

1 .C om m unity m obilization for ecotourism  
through N G O s.
2 . V e ry  limited cropping of wildlife 
allow ed  for certain individuals

Poor a n im a l
breeding
practices

1 .H ig h  cost o f  b re e d in g  an im als  
2 . In a d e q u a te  s o u rc e s  of breed ing  

a n im a ls

P urchase breeding bulls from KARI 
N aivash a , M ta r a .

Coping strategies____________________
1 .Migrate to areas with water and pasture 
2 .Keep many animals so that if some die,
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Appendix 4 .1  (c o n tin u e d ...................)

C onstraint C a u s e Coping strategies
Very e x p e n s iv e  inputs 1 . H ig h  c o s t o f inputs e .g . drugs

2 . V e ry  fe w  sou rces  o f drugs e .g . 
a g ro -v e t sh o p s

1 .Sell som e anim als to purchase 
som e inputs

O v erg raz in g  d u e  to  
overstocking

1. In c re a s e d  livestock population  
re la tiv e  to  land  carrying  capacity
2 .  E m p h a s is  on quantity  but not 
q u a lity  o f  a n im a ls
3 . C o m m u n a l land ten u re  system

1 .Sell excess livestock
2 .  Diversification into crop farming
3 . Loan out som e anim als to 
fam ilies with extra feed
4. M igrate to an a reas  with fewer 
grazing anim als
5. Subdivision of ranches into 
individual units

Soil e ro s ion 1. L ac k  o f incentive  to control soil 
ero s io n  b e c a u s e  o f com m u nal 
o w n e rs h ip  o f land
2 . S in g le  m o v e m e n t tracks for 
a n im a ls  e .q . to  w atering  sites

1. L eave  the affected  area farrow to 
allow som e re-growth of vegetation
2. U se  alternative trekking routes 
for w aterng anim als

In a d e q u a te  c red it 
facilities

1 . L ac k  o f title  d eed s
2 .  L ac k  o f m o n ey

1. Subdivision o f into individual 
ownership  and issuing of title 
deeds

S h ortage o f lab o r 1. C h ild re n  go  to school 
2  H ire d  la b o u r is exp en sive

1. H ire laborers
2. M arry more w ives.
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A p pen dix  4 .2  S u m m ary  o f perceived  causes  and predisposing factors for ca lf d iseases  in six M a a s a i pastoral com n  
_____________District, K enya ._________________________________________________ ___________________________________________

D isease Causes and predisposing factors C oping strateg ies

T rypanosom osis 1. T h ick  bush  
l. P resen ce  of vectors

1. U se  tetracyclines
2. T rypan oc id al drugs

A nthrax . A nim al fat
2. Environm ental contam ination
3. H igh environm ental tem peratures
4. P resen ce  of w ildlife

1. E thnoveterinary  m edicine
2. U se penicilline
3. U se tetracyclines
4. Vaccination

B lack quarter 1. Anim al fat
2. Environm ental contam ination
3. H igh environm ental tem peratures
4 . P resence of wildlife

1. E thnoveterinary m edicine
2. G razing  m an ag em en t
3. U se tetracyclines
4. Vaccination

Bloat N ot known Ethnoveterinary m edicine

C a lf d iarrhoea 1. Poor calf feeding
2. Unhygienic calf housing
3. Environm ental contam ination

1. Ethoveterinary m edicine
2. No known treatm ent
3. U se anthelm intics
4. U se tetracyclines

Contagious Bovine 
Pleuropneum onia

Transit anim als 1. U se tetracyclines
2. Vaccination

Coccidiosis 1. C a lf housing
2. Environm ental contam ination
3. Presence of wildlife

1. C a lf watering
2. Ethnoveterinary m edicine
3. G razing m an agem en t
4. U se anthelm intics
5. U se tetracyclines
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A p pen d ix  4 ,3  Pastora lis ts1 ability to re la te  clin ical/post m ortem  signs to specific d iseases  o f ca lves  in M a a s a i pastoral system s, K a jiado  District.
C lin ical or post m ortem D is e a se
signs theileriosis A nplas F M D Anth BQ L S D Tryps C B P P C o cc Rind E /fe v e r

D epress io n , in ap petance yes yes yes - - yes yes yes yes yes yes

C o ug h  p resent yes - - - - - - yes - - -

Sw ollen  lym ph nodes yes - - - - yes yes - - - -

L am en ess  on m ore than  
o ne limb

- - yes - - - - - “ yes

L am e n e s s  on single limb - - - - yes - - - - - -

Lacrim ation yes yes - - - yes yes - - - -

Salivation or frothing - - yes - - - - - - - -

R espo nse  to tetracyclines poor good poor - - poor none good - - none

Sw ollen spleen - - - yes - - - - - - -

Blood oozing from  body 
openings

- - - yes yes - - - “

Sw ollen abdom en  
(tym pany)

- - - - yes - - - - - -

Morbidity - - high high high high low high - high low

Mortality V ery  high low Very  low V ery  high V ery  high M oderate low M od era te
high

V ery
high

rare

C ourse of d isease short long long Very  short Very  short long long short - short 2 -3  days

D iarrhoea - - - - - - - - bloody yes -

Constipation - yes - - - - - - - -

N ature  of outbreaks endem ic endem ic endem ic Sporadic Sporadic Sporadic Few
cases

Sporadic Last one  
in 1996

Sporadic

Key: theileriosis=East Coast fever; Anplas=Anaplasm osis; F M D =F oo t and mouth d isease; Anth=Anthrax; B Q =B lack quarter; L S D =Lum py Skin d isease;
Tryps=Trypanosom osis; C B P P =C ontag ious Bovine Pleuropneum onia; Cocc=Coccidiosis; R ind=Rinderpest; E /fever=E phem eral fever
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Appendix 5.1 Prevalence o f
Kenya (Cross-section study, Sw IUm antibodies for T- Parva by calf age in six 

November, 1999-January, 2000)
ranches in Kajiado District,

Nantenai

Kuku'B'
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Appendix 5.2 Prevalence o f serum antibodiPn fn r r  m .
District, Kenya (C ross-section study, N ovem ber * * *  *" S'X ra" CheS ^  Kajiad0

100 
80 - 
60 - 
40  
20 
0

Olosho Oiborr

\ A jiL, n , □
rfi

FI I I f t  f t

100 -1 
8 0  - 
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20  -
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t— --------- r
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Appendix 5 .3 P revalence o f serum  antihnHioc /»
District, Kenya (C ross-section study, N ovem ber ^  * '*  ra" CheS Ka' iad°

100 -| 
8 0  - 

6 0  - 
4 0  - 

20  -  

0

O losho  O iborr

A
j i

*
*

A
A ( i

1 ( 1 2 )  2 ( 0 )  3 ( 8 )  4  ( 2 1 )  5  (1 3 )  6  (1 7 )  7  ( 1 )  8 (1 3 ) 9  (5 )  1 0  ( 5 )  11 (6 ) 12 (5 )

100 
8 0  - 
6 0  - 
4 0  - 
20  -

Em arti

#1 1*1
r ll

1 ( 4 )  2  ( 4 )  3  ( 3 )  4  ( 1 4 )  5  ( 1 0 )  6  ( 1 9 )  7  ( 1 7 )  8 ( 7 )  9 (2 )  1 0  11 (6 )  12  (3 )
k (16)
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Appendix 5 .4 P revalence o f serum antibod iP * for o k  .
District, Kenya (Cross-section study. November! 396 "  Kai'ad°

100 - | 
8 0  - 
6 0  - 
4 0  - 
20 -  

0 -
f

i

O lodonyo  O rok

sh j £

*

1 ( 0 )  2 ( 5 )  3  ( 5 )  4  ( 2 3 )  5  (3 4 )  6  (2 5 )  7  ( 1 3 )  8 (1 2 )  9  (7 ) 1 0  (6 )  11 (2) 12 (0)

f16)

100 -I 
8 0  - 

6 0  - 

4 0  

20

N entanai

i f i
*

f t  f t  i  6
1 rt4t 2 (71 3 (231 4 (121 5 (251 6 (121 7 (61 8 (31 9 (21 10 (2111 (31 12 (11
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Appendix 5 .5  P re v a le n c e  o f s e ru m  antihn H ioc  r  „
herds w ith in  ra n c h e s  in M a a s a i p a s to ra l s !  t !m c  w S S O S l: mutans’ A m a^ ' na/e and B bigemina i 

............. .............. P ^ tc^ al system s, K a iiado  D istrict (N ovem ber 1999-Janu ary  2000)
a) T. parva

71 88

u  vOO o' 
€ W 
a

56
29

b) T. mutans
8671

45 55
29

J

75 78

67 75
43

29 29 22 2513
m i 0

11
1___

88

I

c) A. marginale
86

2 36 45
18

d) B. bigemina

"E 64

14
n

86

I d 63

25
56 _  3 8 1

H  ° ™

•fi 27

71 78

14
t~t~ri

50
29

0

38
22

50 38

m
O lo sh o  O ib o rr  S h o m p o le  O lo d o n y o O ro k  E m arti (n= 8) N antenai (n= 9) Kuku B ' (n=8 

( n = l  1) (n = 8 ) (n= 7 )

G ro u p  R an ch es  (n  =  no. o f  h e rd s  sam pled)

□  0 -3 0 %  (lo w  p re v a le n c e )
H  3 1 -7 0 %  (m o d era te  p rev a len ce) ■  71-100%  (high prevalence)
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A p p en d ix  6 .1 D istribution o f total ticks by species  on ca lves  that w e re  sam p led  in O losho O iborr and  N en tan a i ranches in K ajiado  District, K enya  
(Long itud inal study, N o ve m b e r 2 0 0 0  -  F eb ru ary  2 0 0 2 ).__________ ____________ _______________________ ______________ ______________ _____________________

T ick  spec ies ranchesranch

N u m b er  
of ca lf

observations M ea n S tD ev S E M inim um M ed ian M axim um

9 5  %  C o n fid en ce  limits

Low er U p p er

A. gemma* O losho  O iborr 9 6 7 0.11 0 .6 0 0 .0 4 0 0 13 0 .0 7 0 .1 4

N entana i 1285 0 .5 5 1 .74 3 .1 3 0 0 3 7 2 .5 7 3 .6 8

l A. variegatum* O losho O iborr 9 6 7 0 .1 0 0 .4 4 4 .6 8 0 0 6 4 .5 8 4 .7 7

N entana i 1285 0.11 0 .8 4 8 .0 3 0 0 21 7 .9 3 8 .1 4

B. decoloratus* O losho O iborr 9 6 7 0.01 0 .1 2 8 .2 5 0 0 1 8 .2 4 8 .2 7

N entanai 1285 0 .0 2 0 .1 8 10 .18 0 0 4 10 .16 1 0 .19

H. truncatum* O losho O iborr 9 6 7 0 .1 3 0 .6 2 4 .7 8 0 0 8 4 .6 5 4 .91r N entanai 1285 0 .2 3 0 .9 5 4 .1 5 0 0 14 3 .9 3 4 .3 8

R.appendiculatus Olosho Oiborr 9 6 7 10 .86 2 0 .1 4 1 .86 0 4 2 5 0 9 .0 0 12.71r N entanai 1285 8 .1 3 11 .53 1 .42 0 4 102 6 .7 2 9 .5 5

R. evertsi O losho Oiborr 967 0 .96 2 .5 5 2 .6 4 0 0 4 7 1.68 3.61

N entanai 1285 1.21 2 .5 5 2.11 0 0 32 0 .9 0 3 .3 2

R. pulchellus* O losho Oiborr 967 0 .8 0 1.97 2 .4 7 0 0 21 1.67 3 .2 6r N entanai 1285 7 .74 13 .12 1 .70 0 3 127 6 .0 5 9 .44

Tota l tick counts* O losho Oiborr 967 12 .96 2 1 .1 7 1.63 0 6 2 5 7 11 .33 14 .60r N entanai 1285 17 .99 22 .42 1.25 0 10 196 16.74 19 .24

* Indicates that the m ean of tick counts for the species w as significantly different (p < 0 .0 5 ) betw een Olosho Oiborr and N entanai ranches.
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Appendix 7  1 D e fin itio n s  o f s p ec ific  m e a s u re s  of c a lf health  a n d  production for 
the longitud inal s tu d y  in K a iia d o  D is tr ic t. K en ya  (N o v e m b e r 2 0 0 0  - February 2002). 

Outcom e m e a s u re  D e fin it io n *
Morbidity A n y  c a u s e  o f ch a n g e  in norm al h ea lth  status o f a calf tha t

w a s  a c c o m p an ied  by c le a r clinical signs, initially reported 

by th e  fa rm e r  and verified  by th e  veterinarian.

C ause -s p e c if ic  m orb id ity C a lf  m o rb id ity  caused  by an  es tab lish ed  or defined cause.

Mortality A n y  c a lf  d e a th , irrespective  o f th e  cause.

C a u se -sp ec ific  m orta lity C a lf  d e a th  caused  by a  defin ite  o r established cause.

A n im al-a t-risk N u m b e r  o f  ca lves  at risk from  a  specified cause or ranches  

o r b re e d  or a g e  ra n c h e s o r sex.

N um ber a t th e  beg inn ing N u m b e r  o f  ca lves  at risk during a  specified interval 

p eriod  (v is it h e re  d efined  as  in terva l).

Risk rates N u m b e r  o f ca lve s  w ith a  e v en t o f in terest/num ber at risk a t the 

b eg in n in g  o f period -  V4 w ith d raw a ls .

S ero -co n vers io n A  p e rs is te n t ch a n g e  in an tibo dy  level from negative to positive  

> 19  P P  a n d  a b o ve  for T. parva a n d  T. mutans, and > 14  PP  

and  a b o v e  for A. marginale o r B. bigemina, for at least two  

c o n s e c u tiv e  visits. F o r ca lves  show ing presence of m aternal 

a n tib o d ie s  had  declined .

A verage d a ily  w e ig h t g a in
T h e  a v e r a g e  daily  w e ig h t gain  (A D W G ) was calculated as  the 

d iffe re n c e  in w e igh ts  b etw e e n  tw o  consecutive visits 

d iv id ed  b y  th e  n u m b er o f days  b etw een  the two visits.
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Appendix 7 .2  D ifferential d iagnosis o f tick-borne diseases o f calves in Kajiado District.

D isease C lin ica l s y n d ro m e
East coast fe v e r C a lf m o rb id ity  c a u s e d  by e ith er T. parva w ith  the  following clinical 

s y n d ro m e: fe v e r  (3 9 .5  C  or a b o v e ), e n la rg e d  superficial lymph nodes

(p aro tid , p re c ru ra l a n d  p rescap u lar), p etecch ia l hem orrhages on oral 

and  o r vu lva  m u c o u s  m e m b ra n e s , d ifficult breathing (dyspnoea) and  

s o m e tim e s  c o u g h in g ; p aras itaem ia  and  sero-conversion on E L IS A  

e x c e p t w h e re  a c u te /p a ra c u te  d ea th  o ccu rred  before antibody rise.

T. m utans  c a u s e s  a  m ild form  o f the ile rio sis  and is associated with

A n ap lasm o sis

a n a e m ia  and  p o o r  g ro w th  rate (a ttem p ts  to  be m ade to d ifferentiate  

T. parva  in fe c tio n s  fro m  T. mutans  in fections)

C a lf m o rb id ity  w ith  th e  follow ing clinical syndrom e: fever (39 .5  C  or

a b o v e ), a n a e m ia , ja u n d ic e , p a ra s ita e m ia , hard faeces, dullness, 

s e ro c o n ve rs io n  o n  E L IS A  e xcep t w h e re  acu te  death occurred before

B abesiosis

a n tib o d y  rise.

C a lf  m o rb id ity  w ith  th e  follow ing clinical syndrom e: dullness, fev e r (39 .5  C

or a b o v e ), red u r in e , a n a e m ia , ja u n d ic e , parasitaem ia , sero-conversion  

on E L IS A  e x c e p t  w h e re  acu te  d eath  occu rred  before antibody rise.
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Body sys tem /c lin ica l sign D escrip tio n

Appendix 7 .3  Description o f clin ical s igns o f tick-borne diseases causing calf morbidity
and m ortality in Kajiado D istrict, Kenya.

Cough a b s e n t  /n o rm a l/h arsh

Nasal D is c h a rg e a b s e n t/s e rio u s / m u co id /puru len t/haem orrhag ic/o thers

Eye status n o rm a l/lac r im a tio n / serio u s  d ischarge/m uco- 
p u ru le n t/s u n k en /b lin d n e ss

M entation a le r t  o r norm al/du ll or d ep ressed /o th ers

G a it/la m e n e s s n o rm a l/ abn o rm a l or la m e

Skin coat s m o o th  and sh in n y / rough and  raised/ som e a lop ec ia / 
e x te n s iv e  a lo p ec ia  /w o u n d s

Rectal te m p e ra tu re a b s o lu te  va lue (d e g re e s  centigrade)

Urination d ifficu lt o r a b s e n t/b lo o d y /n o rm a l

D efaecatio n d ifficu lt or a b s e n t/ d ia rrh o e s / bloody/ m ucoid/parasite  

e g g s  /no rm al

V aginal D is c h a rg e
absen t/serio u s /m u co id /p u ru len t/h aem o rrh ag ic /b lo o d

tin g ed

M ucous m e m b ra n e s p in k  o r n o rm a l/p a le  or W h ite  and  M eadow /jaundice/b lu ish  
o r  c y a n o tic /h a e m o rrh a g e s / congested or injected

Superfic ia l lym ph nod es n o rm a l/ sw ollen  and  or burned . ---------------------------
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A p pen d ix  7 .4  Loss to fo llo w -u p  a n d  reaso n s  for censoring  o f ca lves during the longitudinal 
study in M a a s a i p astora l s y s te m s  in K a jiado  District, K e n y a  (N ovem b er 2 0 0 0  -  F ebruary  2002).

V is it
n u m b e r

N e w
recruits

N o. o f  c a lf  
o b s e rv a tio n s  

during  th e  visit

D e a th s W ith d raw n R e-entry Transfer

1 3 2 3 2 0 0 0 0

2 72 1 0 4 0 8 0 1

3 6 6 161 2 0 0 2

4 2 3 1 8 0 0 0 0 4

5 5 0 2 2 6 9 0 0 2

6 2 0 2 3 5 11 0 0 3

7 13 2 3 4 6 0 8 5

8 0 2 3 1 0 0 0 0

9 6 2 3 7 2 8 0 0 3

10 0 2 0 6 2 0 0 0

11 0 2 0 4 4 0 0 0

12 21 2 2 1 1 0 0 0

13 2 6 2 4 6 2 0 0 0

14 71 3 1 5 0 0 0 0

15 193 5 0 8 2 0 0 3

T O T A L 5 9 3 3 3 4 0 6 7 8 8 23
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A p p e n d ix  7 .5  P ro p o rtio n a l a n d  in c id e n c e  rate o f m orb id ity  betw een  O losho O iborr
and N e n ta n a i ra n c h e s  in K a jia d o  D istrict (Longitudinal study, N o vem ber
2 0 0 0  -  F e b ru a ry  2 0 0 2 ) .____________________'__________________________________________

G ro up  ranch Total counts (C alves, 
■ D A R , Y A R  ) and or 

overall proportional 
morbidity and  
Incidence rate of 
morbidity

M e a s u re m e n t
O losho
O iborr N e n ta n a i

C o u n t o f  n on -s ick  c a lv e s 199 61 2 6 0

D a y s  a t  risk (D A R ) fo r n o n -s ick 3 4 9 3 4 6 5 2 8 1 4 5

c a lv e s

C o u n t o f sick ca lve s 131 2 0 2 3 3 3

D a y s  a t risk (D A R ) fo r sick 8 9 5 1 .5 4 7 3 5 9 .5 56311

c a lv e s

T o ta l n o . o f c a lves  s a m p led 3 3 0 2 6 3 5 9 3

T o ta l D A R  for n o n -s ic k  and  s ick 1 2 4 4 4 .5 5 2 0 1 1 .5 6 4 4 5 6

c a lv e s

Y e a rs  a t R isk  (Y A R ) n o n -s ick 34.1 1 4 2 .5 17 6 .6

a n d  s ick  ca lves

P ro p o rtio n a l m o rb id ity  (% ) 3 9 .7 7 6 .8 56 .2

In c id e n c e  m o rb id ity  (p e r c a lf- 3 .8 1 .4 1.9

y e a r)
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A p pen d ix  7 .6  Fo llow -up  life tab le  (A ctuaria l) show ing overall morbidity survivorship for the  5 9 3  ca lves  from  the longitudinal study in K a jiado  District, K enya  
(N o v e m b e r 2 0 0 0  -  F eb ru ary  2 0 0 2 ).___________________________________ ____________________________________________________________________________________________________

C a lf ag e  
(m onths)

N o. of 
ca lves  

p resent at 
start

No. o f new  
entries  (non

births)

W ithd raw als No. Of 
sick 

calves

No. of 
d ead  

calves
A v e ra g e  no. 
o f ca lves  at 

risk

Risk
rate Survival rate

C u m m u la tive  
survivorship  

from  birth

S E

<1 241 0 0 86 2 241 3 5 .7 6 4 .3 6 4 .3 0 .0 2 5

>1 <2 184 0 6 74 2 3 3 4 2 2 .2 7 7 .8 50 .1 0 .0 1 9

> 2 < 3 9 3 2 5 60 5 351 17.1 8 2 .9 4 1 .5 0 .0 1 7

> 3 < 4 33 0 3 37 6 3 1 7 1 1 .7 8 8 .3 3 6 .6 0 .0 1 6

> 4 < 5 29 0 6 30 2 3 0 0 10 .0 9 0 .0 3 3 .0 0 .0 1 6

> 5 < 6 13 1 4 17 15 2 8 0 6.1 9 3 .9 3 1 .0 0 .0 1 5

> 6 < 7 0 2 2 9 6 2 4 9 3 .6 9 6 .4 2 9 .9 0 .0 1 6

> 7 < 8 0 4 1 9 4 2 3 8 3 .8 9 6 .2 2 8 .7 0 .0 1 6

> 8  <9 0 8 4 2 7 231 0 .9 99.1 2 8 .5 0 .0 1 6

> 9 < 1 0 0 3 1 3 8 2 2 4 1.3 9 8 .7 28.1 0 .0 1 6

> 10<11 0 3 1 5 5 2 1 6 2 .3 9 7 .7 2 7 .4 0 .0 1 6

> 1 1 < 1 2 0 0 0 2 1 2 0 6 1.0 9 9 .0 2 7 .2 0 .0 1 6

> 1 2 < 1 3 0 0 0 2 4 2 0 3 1.0 99.1 2 6 .9 0 .0 1 6
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G ro u p  ranch Total counts (Calves,
-----------------------------------------------------DA R , Y A R  ) and or overall

proportional morbidity and
. ri * Incidence rate of morbidity

O lo sh o  N entanai

Appendix 7 .7  Proportional and inc idence rate o f mortality between Olosho O iborr and Nentanai
ranches in K ajiado District, Kenya (Longitudinal study, Novem ber 2000 - February 2002).____________

O iborr
Count o f n o n -d e a d  c a lves

D ays at risk (D A R ) for n o n -d e a d  c a lv e s

311 215 526

2 6 2 7 0 3 3 2 07 59477

Count o f d e a d  c a lves 19 48 67

D ays at risk  (D A R ) for d e a d  c a lv e s 2 2 2 4 6 8 2 7 .5 9051 .5

Total no. o f c a lv e s  s a m p led

Total D A R  fo r n o n -d e a d  a n d  d e a d  c a lv e s

3 3 0 263

4 0 0 3 4 .5

593

6 8 528 .52 8 4 9 4

Y ears  a t R is k  (Y A R ) n o n -d e a d  a n d  d e a d 78.1 109 .7 187.7

calves
Proportional m orta lity  (% ) 5 .8 18.3 11.3

Inc idence o f m orta lity  (p e r  c a lf-y e a r )
0 .2 4 0 .44 0 .36
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A p pen d ix  7 .8  Follow -up  life tab le  (A ctuaria l) show ing overall m ortality survivorship for the 5 9 3  ca lves  from  the longitudinal study in K ajiado  District, K enya  (N o v e m b e r  
2 0 0 0  -  F eb ru ary  2 0 0 2 )._____________________________________________________________

C a lf ag e  

(m onths)
No. of 
ca lves  

present at 
start

No. of new  
entries  

(non-births)

W ithd raw als
No. o f dead  

ca lves
A verag e  no. 
of ca lves  at 

risk

Risk rate Survival rate
C u m m ula tive  

survivorship from  
birth

S E

<1 241 0 0 2 241 0 .8 9 9 .2 9 9 .2 0 .0 0 6

>1 < 2 184 0 6 2 4 2 0 0 .5 9 9 .5 9 8 .7 0 .0 0 5

> 2 < 3 9 3 2 5 5 511 1.0 9 9 .0 9 7 .8 0 .0 0 6

> 3  <4 33 0 3 6 5 3 7 1.1 9 8 .9 9 6 .7 0 .0 0 8

> 4 < 5 2 9 0 6 2 5 5 7 0 .4 9 9 .6 9 6 .3 0 .0 0 8

> 5 < 6 13 1 4 15 5 6 7 2 .6 9 7 .4 9 3 .8 0 .0 1 0

> 6 < 7 0 2 2 6 5 5 3 1.1 9 8 .9 9 2 .8 0 .011

> 7 < 8 0 4 1 4 551 0 .7 9 9 .3 92.1 0 .011

> 8 < 9 0 8 4 7 5 5 3 1.3 9 8 .7 9 0 .9 0 .0 1 2

> 9 < 1 0 0 3 1 8 548 1.5 9 8 .5 8 9 .6 0 .0 1 2

> 1 0< 1 1 0 3 1 5 5 4 3 0 .9 99.1 8 8 .8 0 .0 1 3

> 1 1 < 1 2 0 0 0 1 538 0 .2 9 9 .8 8 8 .6 0 .0 1 3

> 1 2 < 1 3 0 0 0 4 537 0 .7 9 9 .3 8 7 .9 0 .0 1 3
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Appendix 7 .9  D istribution o f va riab les associated with seroconversion for T. parva calves older than 3
months in M aasai pastoral areas in Kajiado District, Kenya (Longitudinal study, November 2000 -
February 2002).

V ariab le c a te g o r ie s F re q u e n c y  (% ) of 
sero convers ion

df, )C p-value

ranches O lo s h o  O ibo rr 1 1 0 (5 8 .2 ) 1, 13.2 0 .0003

N e n ta n a i 137  (3 5 .0 )

Farm level
W a te rin g  fre q u e n c y  

per day
L es s  th a n  once  

A t le a s t o nce

111 (4 8 .3 )  

6 0  (5 8 .3 )

2 . 9 .18 0.01

Ad libitum 16 (8 7 .5 )

G ra z in g  d is ta n c e  
from  b o m a

F a r (>  5  km ) 

N e a r  (<  5  km )

3 2  (9 .4 )  

1 5 9  (6 4 .2 )

1, 32 .3 <0.0001

A g e a t  firs t grazing 3 -6  m o n th s  

> 6  m o n th s

6 9  (6 2 .3 )  

1 7 8  (3 8 .8 )

1, 11.1 0 .0008

F re q u e n c y  sp rayed   ̂
a g a in s t ticks  w e e k '1

O n c e

L e s s  th a n  once

1 2 5  (5 1 .2 )  

5 4  (6 3 .0 )

1, 2.11 0 .15

R e s tric te d  g razing  
(in re s e rv e  p ad do ck)

Y e s

N o

161 (6 3 .4 )  

3 0  (1 0 .0 )

1, 29.1 <0.0001

S p ra y e d  a g a in s t  
ticks

Y e s

N o

1 7 9  (5 4 .8 )  

6 8  (2 0 .6 )

1, 23 .2 <0.0001

Calf level 
A g e  c la s s 4 -6  m o n th s  

7 -9  m o n th s  

1 0 -1 2  m onths

7 3  (4 9 .3 )  

8 7  (4 8 .3 )  

8 7  (3 9 .1 )

2, 2.1 0 .34

B o dy con d ition  
s c o re

V e r y  thin  

F a ir  

G o o d  

F a t

6  (6 6 .7 )  

7 3  (5 7 .5 )  

9 2  (5 3 .3 )  

3 5  (4 0 .0 )

3, 3 .43 0 .3 3

B ree d
M a a s a i Z e b u

C ro s s e s

E x o tic

5 4  (5 5 .6 )  

1 6 0  (4 4 .4 )

3 3  (3 3 .3 )

2, 4 .2 5 0 .1 2

S e x
F e m a le  

M a le  _______.

1 3 6  (4 8 .5 )  

_________111 (4 1 .4 )

1, 1 .24 <0.0001
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Appendix 7 .10  D istribution o f va riab les associated with seroconversion for T. mutans, calves older than
3 months in Maasai pastoral areas in Kajiado District, Kenya Kenya (Longitudinal study, November 2000
-  February 2002).

V a r ia b e c a te g o r ie s F re q u e n c y  (% ) of df. x' p- value
seroconversion

a) ranches O lo s h o  O ibo rr 1 0 5  (4 7 .6 ) 1, 0 .2 9 0 .5 9

N e n ta n a i 1 3 6  (4 4 .1 )

b) Farm level
W a te r in g  fre q u e n c y L ess  th a n  once 1 0 8  (5 6 .5 ) 2. 3 .43 0 .18

per d a y

A t le a s t o nce 6 6  (5 3 .0 )

Ad libitum 11 (2 7 .3 )

G ra z in g  d is tance F a r (>  5  km ) 1 5 7  (5 8 .6 ) 1, 5 8 .6 0 .0 01 3

fro m  b o m a

N e a r  (<  5  km ) 3 0  (2 6 .7 )

A g e  a t first g razing 3 -6  m o n th s 6 5  (6 4 .6 ) 1, 12 .9 0 .0 00 3

> 6  m o n th s 1 7 6  (3 8 .6 )

F re q u e n c y  sprayed O n c e 1 1 2  (5 7 .6 ) 1, 0 .1 3 0.71

a g a in s t ticks w e e k '1

L e s s  th a n  once 6 2  (5 6 .5 )

R e s tr ic te d  g razing Y e s 1 5 9  (5 7 .9 ) 1, 8 .2 0 .0 04

(in re s e rv e  pad do ck)

N o 2 8  (2 8 .6 )

S p ra y e d  aga in st Y e s 1 7 5  (5 4 .3 ) 1, 1 9 .3 <0.0001

ticks

N o 6 6  (2 2 .7 )

Calf level 
A g e  c la s s 4 -6  m o n th s 6 5  (2 8 .7 ) 2, 2 2 .3 <0.0001

7 -9  m o n th s 7 5  (6 4 .6 )

1 0 -1 2  m onths 101 (52 .0 )
0.21

B o d y  condition V e r y  thin 11 (81 .8 ) 3, 4 .5

s c o re

F a ir 61 (49 .2 )

G o o d 91 (53 .9 )

B re e d

F a t

M a a s a i Z eb u  

C ro s s e s

3 8  (47 .4 )  

5 6  (55 .4 ) 

1 5 6  (39 .7 )

2, 6 .2 9 0 .0 4

S e x

E x o tic

F e m a le

M a le

2 9  (58 .6 )  

1 3 3  (46 .6 ) 

1 0 8  (44 .4 )

1, 0 .11 0 .74
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A ppend ix  7.11 D istribution o f variab les associated w ith seroconversion for A. marginale in calves older
than 3 m onths in M aasai pastora l areas in Kajiado D istrict Kenya (Longitudinal study. November 2000 -
February 2002).

L ev e l a n d  group c a te g o ry F req u en cy  
(% ) of

seroconversi
on

df. f p - value

ranches O lo s h o  O iborr 1 0 5  (59 .1 ) 1, 14 .0 0 .0 00 2

N e n ta n a i 1 4 0  (3 5 .0 )

Farm level
W a te r in g  fre q u e n c y  

p er d a y
L e s s  than  once  

A t le a s t once

1 1 2  (42 .9 )  

6 7  (6 7 .2 )

2, 10 .5 0 .0 05

A d  libitum 11 (63 .6 )

G ra z in g  d is tan ce  
fro m  b o m a

F a r  (>  5  km) 

N e a r  (<  5  km )

3 4  (58 .6 )  

1 5 7  (23 .5 )

1, 13 .8 0 .0002

A g e  a t  first g raz in g 3 -6  m onths  

>  6  m onths

8 3  (72 .3 )  

1 6 2  (31 .5 )

1, 36 .9 <0.0001

F re q u e n c y  s p ra y ed  
a g a in s t ticks w e e k '

O n c e

L e s s  than  once

1 1 6 (5 4 .3 )  

6 4  (53 .1 )

1, 0 .0 2 3 0 .88

R e s tr ic te d  g raz in g  
(in  re s e rv e  p ad d o c k )

Y e s

N o

1 5 7  (58 .0 ) 

3 4  (26 .3 )

1, 11.1 0 .0 00 9

S p ra y e d  ag a in s t 
ticks

Y e s

N o

1 8 2  (20 .6 )  

6 3  (53 .9 )

1, 2 0 .8 <0.0001

Calf level 
A g e  c lass 4 -6  m onths  

7 -9  m onths  

1 0 -1 2  m onths

8 3  (72 .3 ) 

6 3  (39 .7 )  

9 9  (26 .3 )

2, 3 6 .7 <0.0001

B o d y  condition  
sco re

V e ry  thin  

F a ir  

G o o d  

F a t

8  (62 .5 )  

71 (59 .2 ) 

9 5  (50 .5 ) 

31 (38 .7 )

3, 4.1 0 .2 5

B re e d
M a a s a i Zeb u

C ro s s e s

E xo tic

5 7  (45 .6 ) 

1 6 0  (42 .5 ) 

2 8  (60 .7 )

2, 3 .2 0 .2 03

S e x
F e m a le

M a l e __________

1 3 4 (4 1 .8 )  

111 (49 .6)

1, 1 .4 7 0 .22
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Appendix 7 .12 D istribution of va riab les associated with seroconversion for B. bigemina in calves older
than 3 m onths in M aasai pastoral areas in Kajiado District, Kenya (Longitudinal study, November 2000
-  February 2002).

L eve l a n d  group C a te g o ry F req u en cy  (% ) of 
seroconversion

df, X* p- value

ranches O lo s h o  O iborr 

N e n ta n a i

91 (48 .4 )  

1 0 5 (4 0 .0 )

1, 1 .3 8 0 .24

Farm level
W a te r in g  fre q u e n c y  

per d a y

L e s s  than  once  

A t le a s t once  

A d  libitum

1 0 8  (43 .5 ) 

6 3  (46 .0 ) 

11 (36 .4 )

2. 0 .3 8 0 .8 3

G ra z in g  d is tan ce  
fro m  b o m a

F a r  (>  5  km) 

N e a r  (<  5 km )

3 5  (124) 

1 4 6  (48 .6 )

1, 7 .6 0 .0 06

A g e  a t first g razin g 3 -6  m onths  

>  6  m onths

3 5  (71 .4 ) 

161 (37 .9 )

1, 13.1 0 .0 00 3

F re q u e n c y  s p ra y e d  1 
a g a in s t ticks w e e k '

O n c e

L e s s  than  once

1 0 4 (4 7 .1 )  

59  (44 .1)

1, 0 .1 4 0.71

R e s tr ic te d  g razin g  
(in  re s e rv e  p ad d o c k )

Y e s

N o

149  (49 .0) 

3 3  (21 .2)

1, 8 .5 0 .004

S p ra y e d  ag a in s t 
ticks

Y e s

N o

164  (45.7) 

32  (34.4)

1, 1 .4 0 .24

Calf level 
A g e  c lass

B o d y  condition  
score

B re e d

S e x

4 -6  m onths  

7 -9  m onths  

1 0 -1 2  m onths

V e ry  thin 

F a ir  

G oo d  

F a t

M a a s a i Z eb u  

C rosses  

Exotic  

F em ale  

M a le

35  (71 .4) 

68  (50 .0) 

9 3  (29.0)

7 (42 .9) 

58 (34.5) 

95  (52.6) 

36  (36 .1) 

52  (51 .9 ) 

122  (37 .7 ) 

2 2  (59 .1) 

108 (44 .4 )  

88 (43.2)

2, 7 .6 0 .0 06

3 , 5 .9

2 , 5 .3

1, 0 .03

0.12

0.07

0.86
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