DETERMINANTS AND IMPROVEMENTS OF CALF PARASITE LOAD,
GROWTH AND BEHAVIOUR ON SMALLHOLDER DAIRY FARMS IN
KENYA

A Thesis
Submitted to the Graduate Faculty
in Partial Fulfilment of the Requirements
for the Degree of
DOCTOR OF PHILOSOPHY

Department of Health Management
Faculty of Veterinary Medicine
University of Prince Edward Island

PETER KIMELI
Charlottetown, P. E. I.
October 2020

© 2020, Kimeli

THESIS/DISSERTATION NON-EXCLUSIVE LICENSE
Family Name: Kimeli
I Given Name: Peter
Full Name of University: University of Prince Edward Island
Faculty, Department: Faculty of Veterinary Medicine, Department of Health
Mana2ement
Degree for which thesis/dissertation was presented: Doctor I Date Degree Awarded:
of Philosophy
.
.
October 2020
Thesis Title: Determinants and improvements of calf welfare status on smallholder
dairy farms in Kenya
Date of Birth. It is optional to supply your date of birth.
In consideration of my University making my thesis/dissertation available to interested persons,
I,

Peter Kimeli
hereby grant a non-exclusive, for the full term of copyright protection, license to my University,
The University of Prince Edward Island:
(a) to archive, preserve, produce, reproduce, publish, communicate, convert into any format,
and to make available in print or online by telecommunication to the public for non-commercial
purposes.
(b) to sub-license to Library and Archives Canada any of the acts mentioned in paragraph (a).
I undertake to submit my thesis/dissertation, through my University, to Library and Archives
Canada. Any abstract submitted with the thesis/dissertation will be considered to form part of
the thesis/dissertation.
I represent that my thesis/dissertation is my original work, does not infringe any rights of others,
including privacy rights, and that I have the right to make the grant conferred by this nonexclusive license.
If third party copyrighted material was included in my thesis/dissertation for which, under the
terms of the Copyright Act, written permission from the copyright owners is required I have
obtained such permission from the copyright owners to do the acts mentioned in paragraph (a)
above for the full term of copyright protection

I retain copyright ownership and moral rights in my thesis/dissertation and may deal with the
copyright in my thesis/dissertation, in any way consistent with rights granted by me to my
University in this non-exclusive license.
I further promise to inform any person to whom I may hereafter assign or license my copyright
in my thesis/dissertation of the rights granted by me to my University in this non-exclusive
license.

I Signature:

I

Date:
Nov 22, 2020

ABSTRACT
This thesis research involving 187 heifer calves on 150 zero-grazing smallholder
dairy farms in two Kenyan counties was designed with the following specific objectives:
1) to describe and determine animal- and farm-level factors associated with time-to-onset
and fecal counts of strongyle-type eggs and coccidia oocysts (prospective cohort study);
2) to evaluate the effects of practical and affordable calf housing improvements on average
daily gain (ADG) in weight during pre- and post-weaning periods (randomized controlled
trial); 3) to determine the effect of environmental and comfort improvement on lying and
sucking behaviours (randomized controlled trial); 4) to estimate the economic effects of
implementing the low-cost housing enhancements and management changes in objectives
2-3 when raising a 15-month heifer (partial budget analysis). For objectives 2 and 3,
intervention farms (n=75) received calf housing improvements that included: 1) filling of
floor holes if on the ground or repairing wooden slats if on an elevated floor; 2)
introduction of rubber mats on the lying area; 3) ensuring a floor gradient for drainage; 4)
attaching a rubber nipple on the wall of the calf pen; and 5) patching leaking roofs, along
with training on youngstock management. Up to six bimonthly farm visits were used to
collect animal- and farm-level data, such as accelerometer readings for lying behaviours,
heart girth for ADG of weight, and rectal fecal samples for McMaster floatation.
For objective 1, Incidence risks of strongyle-type and coccidia over the study
period were 28.3% (53/187) and 87.7% (164/187), respectively. For infected calves,
median time-to-onset for strongyles and coccidia was 78 (interquartile-range: IQR 38117) and 43 (IQR 29-92) days, respectively. In the final Cox proportional hazard (PH)
model for strongyles, breed (Ayrshires and Jerseys) and weaned calves had a greater
iv

hazard of infection than Friesians and preweaned calves, respectively. Calf tethering
outside the pen sometimes was associated with a higher hazard of strongyle infection. In
the final Cox PH model for coccidia, calves with watery and/or hemorrhagic diarrhea had
a higher hazard compared with those with hard or soft feces. Weaning status and birth
weight (kg) were time-varying covariates, leading to increased hazard over time. In the
final mixed-effects negative binomial (MeNB) model for strongyles, weaned animals had
higher counts than those still on milk. In an interaction variable, the predicted strongyletype egg counts increased with longer duration of farm operation when herd size was less
than five cattle but decreased when herd size was more than five. In the final MeNB model
for coccidia, calves sometimes tethered outside their pens had higher counts than those
continuously enclosed in the pen. Calf pen floors with either scant manure or moderate
slurry had higher predicted counts than those on a clean pen floor. Calves with watery or
hemorrhagic diarrhea and fed fresh Napier grass (Pennisetum purpureum) had higher
counts compared with soft or hard feces and those not given fresh Napier, respectively. In
an interaction variable, calves experiencing diarrhea and raised on elevated slatted floors
had lower oocyst counts compared with those having diarrhea but not on elevated floors.
In conclusion, the identified management practices associated with onset and counts of
gastrointestinal parasitism should be considered in control efforts.
For objective 2, Median pre-weaning and post-weaning ADGs were 0.307 and
0.487 kg/d, respectively. In the final pre-weaning model (p<0.050), factors positively
associated with ln ADG were calf age at first acaricide application, and total number of
calf pens, while factors negatively associated with ln ADG included calf mortality risk
over the last five years and calf age at first free access to water. In an interaction term, for
v

calves from parity 3+ dams, ADG was lower when milk was fed twice/day than thrice/day,
with no difference in calves of lower parity dams. In a second interaction term, ADG was
similar by principal farmer gender at higher levels of education, but significantly lower
for female than male principal farmers when only primary education was achieved. In the
final post-weaning model, housing improvements increased ADG by 5.6%. Other factors
positively associated with post-weaning ADG were feeding of calf pellets, wheat bran,
maize bran, and hay. Calf age at first introduction of concentrate, calf mortality risk over
the last five years, and principal farmer age were negatively associated with ADG. In an
interaction term, ADG was high when there were fecal coccidia oocysts and when calves
had visual or physical contact with their dams, but low when fecal coccidia cysts were
present, and these dam-calf connections were absent. In a second interaction term, ADG
increased with more calf pens for female principal farmers, while remaining low for male
principal farmers. In conclusion, while controlling for other factors of ADG, making
affordable calf housing improvements enhanced ADG, particularly during the postweaning period.
For objective 3, The daily lying times and lying bout durations, over the visits,
averaged 12.6-16.9 hr/d and 67.9-86.7 min/bout, respectively, while the median for the
frequency of lying bouts was between 30-46/day. Provision of rubber nipples for nonnutritive sucking lowered proportions of cross-sucking, self-sucking and object-sucking
behaviours slightly but not significantly. In the final mixed-effects linear regression model
on daily lying time, superficial lymph node enlargement, body condition score and use of
wood shaving/sawdust/crop waste as beddings had positive associations. In contrast,
group housing and rubber mat use had negative associations. In an interaction term, lying
vi

time was significantly higher for calves on clean versus dirty floors if the age was <190
days but this difference diminished significantly in older animals. In a second interaction
term, the daily lying time was lower for calves raised in pens with leaking roofs, regardless
of the level of the calf-pen floor. However, when the roof was intact, daily lying time
increased and was higher on elevated slatted floors compared with non-elevated floors. In
the final mixed-effects linear regression model of the natural logarithm of frequency of
lying bouts, the use of a rubber mat, number of years of experience in dairy farming, and
calf body weight had negative associations. In contrast, body condition score had a
positive association. In an interaction, the frequency of daily lying bouts was lower on
clean floors than dirty floors, irrespective of tethering status, but when the floor was dirty,
the lying bouts were higher for calves not tethered than those sometimes tethered.
Increased lying time, the possibility to perform appropriate lying postures, and the ease to
get up and lie down are desired indicators of positive welfare states and should be
encouraged. We conclude that the comfort improvements enhanced the welfare and lying
experience of heifer calves on smallholder dairy farms.
For objective 4, the net financial return of undertaking the housing and
management improvements (objective 2) was positive at Ksh 6,594 (USD 65.94) per
heifer, primarily based on having a larger heifer at 15 months, reduced bedding and
medical care costs, and lower risk of death. Also, there was a reduction in age at first
introduction of concentrate, rise in the amount of concentrate offered to calves at weaning,
and increase in the age of calves at first deworming and acaricide application. We
conclude that calf housing improvements and on-farm training on calf care are costeffective and improve management and animal welfare perceptions of farmers.
vii

Farmers and animal health personnel should reassess calf housing and other calf
management activities including parasite control, and utilize improvements that should
cost-effectively enhance not only calf comfort but also productivity measures such as
ADG
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CHAPTER 1: GENERAL INTRODUCTION
1.1. Smallholder dairy production systems in developing countries
In most developing countries, livestock enterprise is a vital source of income and
a key contributor to food security (Bingi and Tondel, 2015). Smallholder livestock farmers
account for about 20% of the world population and manage most of the agricultural land
in tropical regions (McDermott et al., 2010). The unprecedented increase in the human
population, rampant urbanization, declining arable land and the high demand for livestock
products, such as milk, in developing countries provide unique opportunities for
improving livestock farming, especially dairy (McDermott et al., 2010; Mpofu, 2014;
Duncan et al., 2013). Dairy farming has been identified as having enormous potential, and
improvements should, therefore, target intensification- to increase productivity and
sustainability by utilizing the available resource base more efficiently among the poor
households (McDermott et al., 2010; Duncan et al., 2013).
In Africa, smallholder dairy production (SDP) contributes 10–20% of the gross
domestic product (Abdoulmoumini et al., 2018), with over 68% of the continent's milk
output being produced by eastern African countries, including Kenya (Bingi and Tondel,
2015). The eastern African region is predominantly rural, with over 80 percent of its
inhabitants deriving their livelihood heavily from agriculture, including dairy (Ngigi,
2005). In this region, the dairy production systems vary considerably and range from
grazing systems with indigenous or cross-bred cattle to more intensified zero-grazing
(stall-fed) with exotic breeds in the highlands (>1000 m above sea level).
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Over the years, Kenya has developed a high-ranking dairy industry in sub-Saharan
Africa, producing about 8% of the country's Gross Domestic Product (GDP) with annual
milk production of 3.43 billion litres (Ngigi, 2005; Odero-Waitituh, 2017). The industry
plays a leading role in the country's economy through its contribution to the peoples'
livelihoods throughout the dairy value chain and to the dietary well-being of many rural
communities (Bebe et al., 2002; FAO, 2010; VanLeeuwen et al., 2012). Smallholder dairy
farming is an essential sector of the Kenyan economy as it owns 80% of the total dairy
cattle population and accounts for over 70% of the total milk production and of domestic
marketed milk (Omore et al., 1999). The smallholder dairy sector is, therefore, a crucial
driver for rural development, poverty reduction and food security (Bingi and Tondel,
2015).
The smallholder dairy production system is popular in Kenya's highlands and is
generally categorized into three types, extensive, semi-intensive and zero-grazing systems
(Bingi and Tondel, 2015; Odero-Waitituh, 2017). The zero-grazing system is usually
characterized by cows kept in stalls, fed with forage brought to them, and producing a
substantial fraction of the Kenyan milk output. The zero-grazing system is adapted to the
constraints of smallholder farmers with a limited land area (Bingi and Tondel, 2015).
Advantages of zero-grazed cattle include: they can be fed according to the level of
production; they are easier to manage due to proximity of the animals to the farmhouse;
and they are easy to control parasites and infectious diseases due to limited/no exposure
to other cattle (Njarui et al., 2011). Overall, most farmers practising zero-grazing attach
higher importance to genetic improvement, milk productivity per cow and nutritional
supplementation due to high returns (Bebe et al., 2002).
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Sustainable development of the smallholder dairy industry and its future role in
the alleviation of household poverty largely depends on how adaptive the farmers become
in maintaining the herds (Thornton et al., 2007). Sustainability requires good
infrastructure, appropriate management, and a productive herd in the context of
smallholder farmers (Bebe et al., 2002).
Smallholder dairy production in Kenya is confronted by a myriad of issues that
include low quantity and quality of feeds, little technical skills and knowledge on best
husbandry practices, and poor housing that infringe on animal health and welfare (OderoWaitituh, 2017). Sound animal housing systems should meet animal welfare needs. If
these welfare needs cannot be met, then the health and production of the animal will be
compromised (Mellor, 2017). These concerns are particularly critical in the smallholder
zero-grazing systems, in which dairy cattle are confined throughout their growth and
production life (Nguhiu-Mwangi et al., 2013). Identified housing factors contributing to
poor welfare among cows (that may also apply to calves) include: under-sized cubicles,
small walk-alleys, too high feeding bunks with traumatic edges, too low positioning of
neck rails at the feed bunks, sharp objects and edges within the housing units, and
dilapidated housing structures (Aleri et al., 2012). Housing improvement and farmer
training should, therefore, be considered to enhance animal comfort and optimize
performance in smallholder dairy farms. Unfortunately, the care for dairy calves on
smallholder dairy farms in Kenya is not often highly regarded due to a perceived lack of
economic return when compared with lactating cows, as explored in the next section.
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1.2. Calf management practices and challenges in Kenyan smallholder farms
The health, welfare and overall management of heifer calves are essential
components for a profitable dairy herd (Admasu and Hassen, 2016). Heifer calf rearing is
a long-term investment, and best management practices should be applied to ensure the
availability of future replacement stock, thereby ensuring herd sustainability (Lanyasunya
et al., 2006; Odero-Waitituh, 2017). Proper heifer calf management guarantees optimal
growth to achieve suitable breeding size in a timely manner.
Approaches to rearing dairy calves in Kenya vary substantially from farm to farm
and even sometimes within the same farm (Lanyasunya et al., 2006). Underperformance
has been linked with poor housing environments, sub-optimal feeding, and ineffective
disease prevention measures. These limitations are made worse by scarce resources,
climate change (characterized by prolonged droughts) and inadequate extension services.
Also, most smallholder farmers have limited knowledge of calf management and feeding.
They mostly focus on selling milk to optimize income, rendering the preweaned calves
underfed (Admasu and Hassen, 2016).
In zero-grazing situations, farmers are often unable to produce sufficient fodder
because of their smallholdings, and so they must supplement with forage harvested from
public areas or purchased fodder (Rademaker, et al., 2016). With confined housing, there
is often an excessive accumulation of manure, presence of uneven and/or hard floors in
calf pens, and leaking roofs (Nguhiu-Mwangi et al., 2013; Kimeli et al., 2015). Housing
management of dairy calves can influence their lying behaviour, feeding status, and social
expressions, with adverse effects on their growth and development (Kathambi et al.,
2018).
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In smallholder farms, the calves are often kept in pens, manger-fed, and may
occasionally be tethered on grass around the homestead or allowed to graze on natural
pasture with limited protein supplementation. Many of the calves are poorly housed in
make-shift pens that are small. Often, they are kept together with other livestock,
particularly small ruminants (Lanyasunya et al., 2006). Housing conditions significantly
affect health and productivity for the youngstock (Admasu and Hassen, 2016).
Group housing of calves, especially during the first one month of life in suboptimal
hygienic conditions, has been shown to have a significantly increased risk of diarrhoeal
disease, likely due to increased transmission of enteric pathogens (Curtis et al., 2016;
Admasu and Hassen, 2016). On smallholder dairy farms in developing countries, there is
usually a large difference in size between calves on a farm due to the small number of
cows on a farm (< 10 cows per farm in our study). Bullying of young calves in group
housed pens on such farms is inevitable, therefore individually housed calves is preferred
for better control over nutrition, bullying, and hygiene. Therefore, recent research
promoting the benefits of group housing of calves on large farms with cohorts of calves
that are approximately the same size (Kahn et al., 2016) are unlikely to apply to
smallholder dairy farms in Kenya. However, group housing of calves has been shown
provide social benefits to the calves of the same age (Costa et al., 2016).
Good nutritional practices for calves begins with colostrum feeding, in which
timing and amount are key to achieving the desired transfer of passive immunity (Francis
et al., 2019). In addition, preweaned calves should be offered milk that is warm, hygienic,
and adequate in quantity – at least 20% of their body weight daily (Vieira et al., 2008).
Concentrate supplementation is essential and should begin as early as 1-2 weeks of age,
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reach at least 1 kg/day at weaning, and continued after weaning to sustain high daily
weight gain of the calves (Francis et al., 2019). A suitable nutritional strategy should target
optimizing rumen development and weight gain while minimizing stress and diseases
(Admasu and Hassen, 2016).
The consequences of inadequate nutrition and poor housing and husbandry are
stunted growth and high morbidity/mortality risks (Lanyasunya et al., 2006). Common
causes of calf mortalities are pneumonia, diarrhea and septicemia, which are linked to onfarm management (Gitau et al., 2010; Francis et al., 2019). To ensure optimal health,
farmers should institute routine control measures such as timely parasite control and
vaccinations, strict biosecurity and isolation, and treatment of sick animals (Francis et al.,
2019). Also, improved animal comfort reduces stress in calves, enhances immune
function, and subsequently increases weight gain (Kathambi et al., 2018).
As intensification of smallholder livestock systems occurs in Kenya, farmers
should take into account the five domains of animal welfare (McDermott et al., 2010;
Mellor, 2016). The five domains are a new approach that is gaining in popularity as a
means of assessing animal welfare, and it is discussed in terms of its application in the
next section.

1.3. Indicators of calf welfare and its application in the smallholder production
system
According to the OIE Terrestrial Code, animal welfare means ‘the physical and
mental state of an animal in relation to the conditions in which it lives and dies’. The
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understanding of animal welfare has long been guided by the ‘Five Freedoms’ that
focussed almost exclusively on evaluation of negative welfare indicators (e.g. lameness,
skin lesions) with scant information on assessment of mental experiences (Mattiello et al.,
2019). For high welfare standards, animals should experience favourable conditions that
allow them to live a life that is worth living (Mattiello et al., 2019). Mellor (2017)
recommends that to achieve a more comprehensive view of animal welfare, there is need
to consider both negative and positive experiences. He also proposes a five domains model
that is comprised of internal survival-related factors (Environment, Health, Nutrition),
external situation-related factors (Behaviour) and affective experience (Mental State).
Mental states generally mean how an animal feels (Webb et al., 2019). For dairy cattle,
assessment of mental states can be done by direct observation or using electronic devices
with defined indicators being used to interpret the prevailing emotions (Mattiello et al.,
2019). Since mental state is a novel concept, there are limited validated approaches in its
assessment and therefore experiences from animal welfare researchers can be utilized to
guide assessment. Each of the five domains is described below.

1.3.1. Nutrition
Proper nutrition of calves begins with sufficient good quality colostrum intake
during the first day of life. Good quality colostrum should contain at least 50 mg/mL of
immunoglobulins to ensure sufficient antibodies to help the calf fight infections (Puppel
et al., 2019). Failure to receive enough colostrum results in failure of transfer of passive
immunity, and this is associated with poor health and survival outcomes later in life
(Godden et al., 2019). A newborn calf should consume 15% of its body weight in
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colostrum within the first 24 hours, given as 10% in the first 6 hours (ideally – at least in
the first 12 hours) and 5% in the rest of the time (Hopker et al., 2020). Colostrum intake
within the first twelve hours provides a supply of antibodies and a highly digestible source
of energy and protein, promotes meconium movement and stimulates digestion (Stull and
Reynolds, 2008).
The recommended approach to feeding calves also includes an appropriate amount
of whole milk or milk replacer based on body weight and age (Górka et al., 2010). Proper
heifer calf feeding must target the nutritional needs for optimal growth and development,
and feed composition must support and reflect the development of calves' digestive
function (Palczynski et al., 2020). At birth, all four compartments of the ruminant stomach
except the abomasum are non-functional, undeveloped, and disproportionate to the size of
the adult digestive system (Diao et al., 2019). The rumen only starts to grow at two to
three weeks of age, and growth continues until about six months of age. In these first
weeks of life, the milk bypasses the rumen, reticulum, and omasum. During this period,
the rumen, reticulum and omasum do not play any role in digestion (Govil et al., 2017).
Early life nutrition should, therefore, enhance the functionality of the rumen as well as
provide nutrition for the survival and growth of the calves.
To promote rumen development, a particular focus should be directed at the
composition and structure of concentrate feed (Diao et al., 2019). Calves that consume
more calf starter have low rumen pH, increased volatile fatty acid concentration and
increased rumen blood flow activity, which provokes the development of rumen
epithelium (Diao et al., 2019). Water provision to calves is equally essential to quench
thirst, enhance rumen development and increase food digestion (Stull and Reynolds,
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2008), and it should be provided ad libitum to calves from birth onwards. The amount of
milk or replacer fed, and the rearing system adopted should take the objectives into
account, while maintaining a balance between acceptable weight gain and cost. With
smallholder dairy farmers being limited to local fodder crops, the use of expensive
commercial concentrate supplements is not consistent, and calves are often malnourished
and stunted (Dugmore et al., 2004).
Minerals are an important requirement for livestock but are always low in
concentration in regular fodder and should be supplemented (Gupta et al., 2008). Essential
minerals are broadly grouped into 1) macrominerals (including calcium, phosphorus,
magnesium, potassium, chloride, sodium, and sulfur) which are required in higher
quantities and 2) microminerals or trace minerals which are required in minute quantities
of less than 100mg/kg of dry matter (include copper, cobalt, iron, iodine, zinc, manganese
and selenium (Keshri et al., 2019; Erickson and Kalscheur, 2020). Sodium, chlorine and
potassium are crucial to maintaining fluid balances in the body and blood (Mokhber et al.,
2012). Iron is an essential component of red blood cells—enabling them to carry oxygen
(Joerling et al., 2019). Bone formation depends on the acquisition of sufficient calcium
and phosphorus (Challa and Braithwaite, 2009). Adequate levels of copper, zinc,
manganese and selenium are crucial for a healthy immune system and are essential
components of body enzymes, hormones and cells (Yatoo et al., 2013). It is recommended
that smallholder farmers should use supplemental minerals to augment calves' diets. The
supplements are often supplied in salt/mineral mixes and should be available all the time
to allow free access.
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Hunger and thirst are subjective mental experiences linked to nutritional
deprivation and are associated with the motivation to consume feed / milk (hunger) or
drink water (thirst) and is regulated by neural homeostatic systems (Vieira et al., 2008).
For preweaned calves, restricted milk allowance has been shown to increase bouts of nonnutritive sucking following milk ingestion, as opposed to ad libitum fed calves (Vieira et
al., 2008). Furthermore, reduced milk availability to calves suckling the dam increased
butting of the udder, and duration of non-nutritive sucking increased with increasing level
of hunger (Herskin et al., 2010).
In summary, calf pens should have containers for fresh drinking water, milk,
concentrates, mineral and forage. This will enable the animal to meet affective needs (such
as thirst, hunger) freely without restrictions.
To assess the nutritional status of calves and heifers, subjective body condition
scoring has been adopted (Sprecher et al., 1997). It is recommended that the calves’ and
heifers' body condition scores should be between 2.5 and 3.75 throughout the growth
period (Stull and Reynolds, 2008). Unfortunately, this is not a common observation in the
smallholder dairy production system (Lukuyu et al., 2016).

1.3.2. Environment
A satisfactory environment for a dairy calf should permit for thermal comfort,
physical comfort, disease control, and behavioural satisfaction (Webster, 1983). It should
also facilitate feeding, drinking, lying, and free behavioural expressions that are associated
with improved welfare (Mandel et al., 2016). With increasing intensification in the
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smallholder production system, most calves are zero-grazed their entire life, and this can
subject them to welfare issues that relate to the environment in which they live.
In smallholder farms, zero-grazing units constitute stalls, mangers, and roofs; and
farmers are vital in providing animals with the appropriate levels of affective welfare
(Mellor & Beausoleil, 2015). Ideally, housing should offer both a suitably protected
environment and a clean, dry lying surface that promotes cattle comfort, appropriate
behaviour, and physical and mental health (Fraser et al., 1997; Mellor & Beausoleil,
2015). In Kenya, research has revealed poor cow comfort (Aleri et al., 2011; Aleri et al.,
2012; Richards 2017), and a recent study showed reduced knee impact and wetness tests
on their stall floors and lying down times more than 2 hours lower than what is considered
ideal (Richards, 2017). Also, a pilot cross-sectional study showed that calves had poor
comfort compared to those in developed countries (Kathambi et al., 2019). With complete
housing, there is often an excessive accumulation of slurry, presence of uneven and/or
hard floors and leaking roofs (Nguhiu-Mwangi et al., 2013; Kimeli et al., 2015). As a
result of poor housing management and compromised hygiene, disease occurrence,
stunted growth and high mortality have been reported (Lanyasunya et al., 2006).
For zero-grazed calves, the shelter quality and its management define the animals'
immediate environment. Floors must be comfortable to prevent injuries and lying surface
must be spacious and clean, with adequate drainage (DEFRA, 2003). Among the
smallholder farmers practising zero-grazing, an elevated calf pen is increasingly becoming
popular and has contributed to improved hygiene. To ensure soft and dry lying area,
farmers should be encouraged to place beddings on the lying areas of the calf pen.
Cleanliness and comfort of resting areas can be assessed subjectively by hygiene scoring
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the pen, and the flanks and legs of calves, along with observations for skin and joint lesions
(Stull and Reynolds, 2008) or objectively using tri-axial accelerometer for lying times
(Swartz et al., 2016).
Air quality is also crucial to the physical comfort of the calf. Toxic gases, such as
elevated ammonia concentrations, can cause damage to the lung epithelium. These gases
are often associated with the accumulation of urine and manure or limited air circulation
in closed spaces (Stull and Reynolds, 2008). Proper ventilation and optimal hygiene
should always be maintained.

1.3.3. Health
Among the important measures of the health in cattle farms is the frequency of
disease and death, especially of calves during their first 6 months of life (Ortiz-Pelaez et
al., 2007). In Kenya, calf disease is a crucial constraint to herd expansion and genetic
improvement, and its economic impact could be direct (deaths), or indirect, through
stunted growth and increased treatment expenses (Gitau et al., 1994; Gitau et al., 2010;
Chang' a et al., 2011). Studies have identified diarrhea and respiratory disorders as
important diseases of concern, and they have been linked with poor housing, hygiene, and
nutrition. Diarrhea may be nutritionally-induced or caused by infectious agents such as
viruses, bacteria, fungi, protozoa or helminths (Gitau et al., 1994; Mulei et al., 1995;
Chang' a et al., 2010; Gitau et al. 2010).
Gastrointestinal parasites can cause clinical diarrhea, but they can also lead to
subclinical infections that causes economic losses through reduced weight gain and
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mortality (Keyyu et al., 2003; Wymann et al., 2008; Callaby et al., 2015). Of all the
gastrointestinal parasites of cattle, the nematodes have the most serious economic
consequences to calf growth (Charlier et al., 2016). Previous studies in Kenya have
demonstrated that strongyle worm burdens have a major impact upon the dairy calves. For
example, an increase in strongyle-type eggs per gram of feces (EPG) by a count of 1000
eggs is associated with a 3.3% reduction in average daily weight gain (ADG) over the first
year (Thumbi et al., 2013b), and an increase in the hazard of death by 1.5 (Thumbi et al.,
2013a). Also, protozoal infections in calves, such as Eimeria spp., are common, with 42%
of calves on zero-grazed smallholder dairy farms being already infected at four weeks of
age (Peter et al., 2016).
Overall, efforts should be made on farmer training: 1) to observe and recognize
signs of diseases and injuries early in their manifestation, and report them to a veterinarian
for treatment, if needed; 2) to observe facilities and management needing improvement to
prevent injuries and maintain sanitation; and 3) to perform preventive medical
interventions, such as parasite control, appropriately (Stull and Reynolds, 2008). Such
training could have long-term positive effects on calf health and welfare.
Early recognition of disease and injury on calves can substantially improve the
prognosis and speed of recovery and reduce the amount of pain and suffering incurred
(Lorenz et al., 2011). While depression, diarrhea, coughing, swellings and anorexia are
obvious abnormal visual or auditory signs of pain and suffering from disease or injury,
recognition of subtle signs, such as a droopy ear, decreased strength when rising and
walking, and limited responses to moving objects, can be used to for early recognition of
disease or injury (Neave et al., 2013; Lecorps et al., 2018).
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1.3.4. Behaviour
Behaviour refers to an animal's attempt to adapt or adjust to different internal and
external conditions (Dawkins, 1990). Farmers must understand the primary behavioural
expression of calves so that they know how to provide for them appropriately (MillerCushon and DeVries, 2015).
While calves in extensive livestock production systems still enjoy the freedom to
express normal behaviours on pasture, intensive livestock production systems can impose
restrictions on feeding movements and social behaviours, which can result in the
manifestation of abnormal behaviours. For instance, non-nutritive abnormal oral
activities, including self-grooming and tongue playing, object sucking, self-sucking and
cross-sucking, have been found to occur in calves fed with a bucket (Mahmoud et al.,
2016).
The main functional goal of sucking behaviour is to obtain milk. However, when
young ruminants are raised separately from their mothers, they suck each other or parts of
their pens despite apparently adequate nutrition. It has often been suggested that this nonnutritive sucking behaviour is due to an increased motivation for sucking behaviour
resulting from the lack of opportunities to suck the mother (Sambraus, 1985). Sucking is
an important behaviour for the calf because it may affect metabolic hormone secretion,
and performing sucking reduces sucking motivation. Sucking is stimulated by the intake
of milk and when the calf has not learned that the mother is the proper sucking stimulus
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(Krohn et al., 1999), farmers should provide appropriate stimuli to satisfy the calf's
motivation to suck when it is fed milk (de Passille, 2001).
For many years, individual housing of pre-weaned calves has been favoured during
the first month of life to limit the spread of disease agents between calves, such as
coccidia, Cryptosporidium spp. and rotavirus (Garber et al., 1995). However, it has been
shown that individual housing disturbs the development of the normal social behaviour of
calves (Costa et al., 2016). Long periods of social isolation can lead to disruption of
normal social behaviour in calves, impacting social hierarchy later in life (Hristov et al.,
2011). Recently, research has shown that group housing of milk-fed calves has some
advantages for calf welfare by allowing increased social contact and more communal
space (Jensen et al., 2008). Duve et al. (2012) reported that calves reared with social
contact (pair-housing) accessed feed more successfully in a competitive herd than calves
reared in individual pens. While it may seem appropriate, group housing is impractical in
smallholder production systems since there is usually a large difference in size between
calves on a smallholder farm due to the small number of cows on a farm (< 10 cows per
farm). Therefore, recent research promoting the benefits of group housing of calves on
large farms with cohorts of calves that are approximately the same size (Kahn et al., 2016)
are unlikely to apply to smallholder dairy farms in Kenya.
Despite age differences between calves, heifers, and cows, lying behaviour is
consistently a high priority behaviour that has been used to assess animal comfort (Mandel
et al., 2016; Mattiello et al., 2019). Lying behaviour, while not identified in the five
domains model, has been shown to change significantly with changes in housing
environments and prevailing disease conditions (Ledgerwood et al., 2010; Swartz et al.,
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2016). Lying down time has been used to evaluate comfort, number and duration of lying
bouts have been used as an indicator of the ease of transition movement, and lying posture
has been used to assess thermal and vigilance comfort in cows (Haley et al., 2010;
Napolitano et al., 2010).
Lying time, the number of lying bouts and bout duration can also be useful
predictors of calf health and comfort (Lowe et al., 2019). It is vital that farmers provide
adequate housing space for calves to lie down in various postures, stand up and self-groom
without difficulty (Hristov et al., 2011). Ability to perform behaviours would be good
indications of positive welfare states.
With advances in computerization, dairy producers have turned to technology for
assistance in daily management tasks (Khanal et al., 2010). The use of triaxial
accelerometers (HPG; HOBO Pendant G data logger, Onset Computer Corp., Bourne,
MA) has grown in popularity, and they have also been validated to determine lying
behaviours accurately in dairy calves (Swartz et al., 2016). Accelerometers have helped
to reduce time-consuming observation of cattle, either live or from a video recording,
which previously have been used to assess behaviours in dairy farms (Müller and
Schrader, 2003).
Recent research has shown that accelerometers used to measure lying down times
are also valid for use on calves (Bonk et al., 2013; Swartz et al., 2016). However,
accelerometers have not been used on calves on zero-grazing smallholder dairy farms.
Dairy calves in Kenya were reported to be dirty due to soiling, indicative of poor comfort
that could impact its lying behaviour (Kathambi et al. 2018). However, there has not been
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any systematic assessment of housing comfort and its effect on overall calf affective
experiences.

1.3.5. Affective state
Mental state refers to how an animal feels, and can be negative (e.g. pain, fear) or
positive (e.g. pleasure, happiness) (Ede et al., 2019) with pleasant experiences being
favoured to ensure an animal lives a quality life (Mellor, 2017). While pain has been
studied widely, the consideration of what the animal emotionally feels (affects) is a new
concept that has gained acceptance in animal welfare science. For example, close
confinement (e.g. zero-grazing) and isolation (e.g. individual housing) may lead to
anxiety, fear, panic, frustration, anger, helplessness, loneliness, boredom, and/or
depression. On the other hand, keeping animals in an enriched and safe environment that
provides them with enough space and opportunities to engage in normal behaviours may
be mentally rewarding (Mellor, 2017).
Environmental improvement can help animals to cope with stressors, prevent
frustrations and increase the fulfilment of behaviours. Bloomsmith et al. (1991) defined 5
categories of environmental improvement that included social, occupational, physical,
sensory, and nutritional. Physical improvement includes altering the size or complexity of
the animal’s enclosure or adding accessories to the enclosure such as objects, substrate, or
permanent structures (Bloomsmith et al., 1991), such as provision of new bedding.
Improving the lying area of cattle by providing them with a comfortable lying surface (i.e.,
soft, nonabrasive, clean, and dry) is suggested to be an important factor in enhancing
comfort and welfare (Tuyttens, 2005; Fregonesi et al., 2007). Also, feeding calves from
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an open bucket (i.e., without a nipple) is cheap and easy to maintain but does not provide
calves with the ability to perform suckling behavior. Preventing calves from performing
suckling behavior may result in its redirection toward pen objects or peers (i.e., crosssucking) (Mandel et al., 2016). The traditional method for treating cross-suckling behavior
is to install a pronged nose-ring or halter on the nose of the suckling calf (Mandel et al.,
2016). An alternative method that deals with the cause abnormal sucking behaviour and
gives calves the opportunity to perform suckling is to place a rubber nipple in the pen. de
Passillé and Caza (1997) showed that the occurrence of cross-suckling behavior is reduced
by more than 75% when calves are presented with dry rubber nipples following milk
intake from a bucket (Mandel et al., 2016). Therefore, farmers should be encouraged to
provide improved and/or enriched external circumstances to promote positive affective
outcomes, such as a "dummy" nipple for preweaned calves to suck. However, there has
been no assessment of the benefits of a dummy nipple on smallholder dairy farms in
Kenya.
Management procedures that cause pain or distress, such as dehorning, should be
evaluated for their necessity. Dehorning cattle must be performed to protect other animals
and people from injury from their horns. If the procedure is necessary for the benefit of
the animal and people, then pain management must be considered (Stull and Reynolds,
2008).
While five domains assessment of animal welfare is important, farmers are raising
calves as part of a business for their livelihoods. Therefore, it is important to include
conventional productivity measures of assessment in approaches to best management
practices in calf management, as discussed in the next section.
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1.4. Smallholder calf growth targets and related management strategies
In developed countries, the target performance measure for pre-weaned calves is
to double their birth weight at the time they are weaned at eight weeks of age (Hulbert and
Moisá, 2016), which is about four weeks earlier than what happens in the majority of
smallholder dairy farms in Kenya. The reasons for delayed weaning are multifactorial;
among them are poor livestock management and diseases (Chang’a et al., 2010). However,
with access to concentrates and good-quality forages, together with adequate milk feeding
of at least 4 L /day, calves should reach a suitable weaning weight in 12 weeks (Situma et
al., 2020). Smallholder farmers should be encouraged to use live-weight and dry matter
intake of concentrates as their primary criteria for weaning, to ensure optimal growth is
maintained post-weaning (Castilhos et al., 2011). If a calf is 8 weeks old and is eating at
least 1 kg/day of concentrate, weaning from milk will be tolerated by the calf and should
allow for good growth post-weaning.
Weaning exposes calves to a physical, physiological, and psychological stress,
which may persist beyond one month, potentially impacting health and performance
(Lynch et al., 2011). Weaning may impact health and can result in the increased morbidly
and mortality especially if associated with diarrhea and pneumonia conditions (Gitau et
al., 1994; 2010). Strategic management approaches to minimize other stressors
immediately before, during and after weaning can set the stage for a seamless transition
from a milk-based diet and an efficient, profitable, and long productive life.
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The need to wean calves at the earliest possible time is motivated by the desire to
reduce costs associated with feeding milk (Isik et al., 2006). A smooth transition from
milk or milk replacer to solid feed allows calves to consume adequate nutrients to support
continued growth during and post-weaning periods (Khan et al., 2016). Raising heifers
should be done to attain optimal growth and development in order to achieve puberty, first
service and first calving at the target ages while at the lowest cost (Lohakare, 2012).
Achieving these targets guarantees efficiency and the earliest possible return on
investment during first lactation.
On well-managed farms, heifers reach puberty at about 9-10 months of age (Estill,
2014) become pregnant at about 15 months of age, calve at 24 months of age and are able
to be serviced within 60–80 days post-calving (Smith et al., 2014; Steele, 2020). Poor
growth delays puberty, which means delayed conception and first calving and increased
rearing costs (Moran, 2012).
In Kenya, a wide-ranging growth rate of calves has been reported. Lanyasunya et
al. (2006), in their study on the effect of protein supplementation on performance of calves
in the Nakuru area of Kenya, reported an overall average daily gain (ADG) of 0.338 kg/d,
while Gitau et al. (2001) reported a mean ADG of 0.26 kg/d in Central Kenya. Both figures
were below 0.4-0.5 kg/d which is the recommended target for smallholder dairy farms in
central highlands of Kenya (Lukuyu et al., 2012) and 0.5-0.75, targets for developed
countries. In two other cross-sectional studies; Kathambi et al. (2018) observed an ADG
of 0.50 kg/d in calves aged between 1 week and 12 months, while Makau et al. (2018)
reported 0.443 kg/d in heifers aged less than 36 months.
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Dairy heifer growth rates and body weight at first calving are regarded as
important benchmarks in farm management because lower body weight heifers are at a
greater risk of dystocia at first calving (Mee, 2008), produce less milk, and have a shorter
lifespan in the herd (Archbold et al. 2012; McNaughton and Lopdell, 2013). Finding
linkages between this traditional productivity measure (ADG) and the five domains would
help to clarify the importance of the five domains to farmers.

1.5. Research rationale and objectives
While pasture is considered the natural environment for cattle, it is not a good
option on smallholder dairy farms in many developing countries (such as Kenya) because
of reduced land availability and tick-borne disease control requirements (VanLeeuwen et
al., 2012). Zero-grazing units with stalls, mangers and roofs for dairy cattle are common.
However, zero-grazed cattle rely on their owners to provide them with appropriate levels
of the five domains of affective cow and calf welfare status (Mellor & Beausoleil, 2015).
For example, stall design and management should provide both a suitably protected
environment for cattle to stand, and a clean, dry lying surface that promotes cattle comfort,
appropriate behaviour and physical and mental health (Mellor & Beausoleil, 2015; Fraser
et al., 1997). A stall should recreate lying down on pasture, as much as possible, where
cattle can function well, feel well, and live a "natural" life in their five domains. If
correctly done, meeting these animal welfare goals should also lead to enhanced
productivity such as meeting target ADGs in calves, and enhanced milk production and
reduced mastitis in cows (Bernardi et al., 2009).
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While affective experiences are growing in acceptance as measures of animal
welfare status (Mellor & Beausoleil, 2015), farmers keep calves primarily for economic
reasons, with optimal health and average daily gain being primary economic outcomes of
interest. Motivating farmers to incorporate best management practices to improve
affective calf welfare status will be easier if it can be demonstrated that improvements in
economic outcomes are also occurring with recommended best management practices
associated with good animal welfare. As such, research projects examining benefits to
economic outcomes from improvements in calf welfare status also require measurements
of common factors impacting the economic outcomes so that models of factors of
economic outcomes can be adjusted for the confounding effects of these common factors.
For example, nutritional management has a large impact on feeding behaviour, intake, and
growth (Overvest et al., 2016), and common diseases affecting calves, such as diarrhea
and parasitism, can also affect growth rates (Gitau et al., 1994).
For smallholder dairy farmers in developing countries, there are few cohort studies
examining time to infection with gastrointestinal parasites, as well as their impacts on
ADG. While pastured calves require deworming early in life because they are exposed to
worm eggs when they begin eating grass, the timing of the first deworming of zero-grazed
calves on smallholder dairy farms remains unclear, with only a very small proportion
(2.7%) of calves shedding Strongyloides spp. eggs at six weeks of age (Peter et al., 2016).
Infections and diseases are not only important confounders of calf growth but inherent
parts of the "Health" domain of the Five Domains (Mellor & Beausoleil, 2015).
The overall objective of this thesis was to determine the frequency, distribution,
and determinants of calf welfare status on smallholder dairy farms in Kenya, and to
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demonstrate the costs and benefits of implementing low-cost enhancements,
recommendations, and training for better calf welfare.
The specific objectives were:
1. To describe and determine animal- and farm-level factors associated with time-toonset and fecal counts of strongyle-type eggs and coccidia oocysts in calves on
zero-grazing smallholder dairy farms in central Kenya. This objective will be
addressed in Chapter 2.
2. To evaluate the effects of practical and affordable calf housing improvement on
ADG during pre- and post-weaning periods on smallholder dairy farms. This
objective will be addressed in Chapter 3.
3. To determine the effect of environmental and comfort improvement on lying and
sucking behaviours in heifer calves on Kenyan smallholder dairy farms. This
objective will be addressed in Chapter 4.
4. To estimate the economic effect of implementing low-cost housing enhancements
and change in management when raising a 15-month heifer and to determine
farmer perceptions towards affective welfare on Kenyan smallholder dairy farms.
This objective will be addressed in Chapter 5.

The thesis finishes with a chapter that summarizes the four substantive chapters.
This concluding chapter will also integrate the results, showing how they should be
interpreted together to help researchers and livestock advisors in their efforts to promote
better calf health, productivity and welfare so that calves in the future will have a better
chance of enjoying a life worth living.
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CHAPTER 2: MANAGEMENT FACTORS ASSOCIATED WITH TIME-TOONSET AND FECAL EGG/OOCYST COUNTS OF GASTROINTESTINAL
PARASITES IN HEIFER CALVES ON KENYAN SMALLHOLDER FARMS

2.1. Abstract
A prospective cohort study on zero-grazed smallholder dairy farms was conducted
to determine factors associated with onset and counts of gastrointestinal parasitism in
heifer calves. The researchers recruited 187 newborn heifer calves from 150 farms in
Kenya. Over 16 months, bimonthly farm visits were used to collect rectal fecal samples
and animal- and farm-level measures. Fecal samples underwent centrifugal fecal flotation
with Sheather’s sugar to determine counts of strongyle-type eggs and coccidia oocysts.
Cox proportional hazard (Cox PH) analysis and mixed-effects negative binomial (MeNB)
regression determined factors associated with time-to-onset and counts of strongyle-type
eggs and coccidia oocysts, respectively (P<0.05). The incidence rate of strongyles was
0.0011 cases/animal-day while coccidia was 0.0073 cases /animal-day. Incidence risks of
strongyles and coccidia over the study period were 28.3% (53/187) and 87.7% (164/187),
respectively. For infected calves, median time-to-onset for strongyles and coccidia was 78
(interquartile-range: IQR 38-117) and 43 (IQR 29-92) days, respectively. In the final Cox
PH model for strongyles, breed (Ayrshires and Jerseys) and weaned calves had a greater
hazard of infection than Friesians and preweaned calves, respectively. Calf tethering
Kimeli P, VanLeeuwen J, Gitau GK, Heider LC, McKenna SL, Greenwood SJ (2020).
Management factors associated with time-to-onset and fecal egg/oocyst counts of
gastrointestinal parasites in heifer calves on Kenyan smallholder farms. Veterinary Parasitology,
283, 109174. https://doi.org/10.1016/j.vetpar.2020.109174
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outside the pen was associated with a higher hazard of strongyle infection. In the final
Cox PH model for coccidia, calves with watery and/or hemorrhagic diarrhea had a higher
hazard compared with those with hard or soft feces. Weaning status and birth weight (kg)
were time-varying covariates, leading to increased hazard over time. In the final MeNB
model for strongyles, weaned animals had higher counts than those still on milk. In an
interaction variable, the predicted strongyle-type egg counts increased with longer
duration of farm operation when herd size was less than five cattle but decreased when
herd size was more than five. In the final MeNB model for coccidia, calves sometimes
tethered outside their pens had higher counts than those continuously enclosed in the pen.
Calf pen floors with either scant manure or moderate slurry had higher predicted counts
than those on a clean pen floor. Calves with watery or hemorrhagic diarrhea and fed fresh
Napier grass (Pennisetum purpureum) had higher counts compared with soft or hard feces
and those not given fresh Napier, respectively. In an interaction variable, calves
experiencing diarrhea and raised on elevated slatted floors had lower oocyst counts
compared with those having diarrhea but not on elevated floors. The identified
management practices associated with onset and counts of gastrointestinal parasitism
should be considered in control efforts.
Keywords: Dairy; Zero-grazed; Helminths; Coccidia; Strongyle-type

2.2. Introduction
The smallholder dairy industry, which includes farmers having up to ten dairy
cows, plays a leading role in Kenya’s economy through its contribution to the livelihoods
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of the many people engaged throughout the value chain and to the nutritional well-being
of many rural communities (FAO, 2011; VanLeeuwen et al., 2012). Gastrointestinal (GI)
parasite infections of dairy calves contribute to economic losses on smallholder dairy
farms (SDF) as they reduce weight gain and fertility and may even cause mortality (Keyyu
et al., 2003; Wymann et al., 2008; Callaby et al., 2015). Of all the intestinal parasites of
cattle, the GI nematodes have the most serious economic consequences to calf growth
(Charlier et al., 2016). This belief is based on the overall numbers of worms, numbers of
genera and species present, general levels of pathogenicity and widespread distribution
(Waruiru et al., 1998).
Reduction of GI parasite infections would improve animal health and remove
some of the constraints on livestock enterprises, particularly in tropical developing
countries where there is no winter to reduce GI parasite development and exposure,
thereby reducing poverty (Perry and Sones, 2007). Previous studies in Kenya have
demonstrated that strongyle worm burdens have a major impact upon the dairy calves. For
example, an increase in strongyle-type eggs per gram of feces (EPG) by a count of 1000
eggs is associated with a 3.3% reduction in average daily weight gain (ADG) over the first
year (Thumbi et al., 2013b), and an increase in the hazard of death by 1.5 (Thumbi et al.,
2013a). Waruiru et al. (1998) documented the heaviest gastrointestinal worm burdens
among cattle in 1.5- to 3-year-old animals. The commonly identified nematodes in Kenya
were Haemonchus spp., Cooperia spp., Oesophagostomum spp., Trichostrongylus spp.,
Nematodirus spp., Trichuris spp. and Strongyloides spp. (Thumbi et al., 2013a; 2013b;
Waruiru et al., 2000; Kanyari et al., 2010; Peter et al., 2015). Only a very small proportion
(2.7%) of calves in Kenya were found to be shedding Strongyloides spp. at six weeks of
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age (Peter et al., 2015). Protozoal infections in calves, such as Eimeria spp., are common,
with 30% of calves on zero-grazed smallholder dairy farms in Kenya infected at four
weeks of age (Peter et al., 2015).
The management of parasite infections requires an understanding of the causes of
variation in parasite burdens and probable time at the onset of infection (Callaby et al.,
2015) to ensure efficient management of inputs such as anthelmintics (Charlier et al.,
2016). While pastured calves require deworming early in life because they are exposed to
worm eggs when they begin grazing, the timing of the first deworming of zero-grazed
calves on smallholder dairy farms remains unclear. GI parasitism prevention efforts in
calves would benefit from determining when infections begin on zero-grazed smallholder
dairy farms to assist in the timing of management activities (i.e. deworming) to coincide
with when infections are prevalent.
This study was designed to describe and determine animal- and farm-level factors
associated with: 1) time-to-onset, and 2) fecal counts of strongyle-type eggs and coccidia
oocysts in calves on zero-grazed smallholder dairy farms in Kenya.

2.3. Materials and methods
2.3.1. Ethical approval
This study was approved by the Research Ethics Board and the Animal Care
Committee of the University of Prince Edward Island. The study was explained orally to
all participants, and signatures for informed consent were obtained from all the
participants in the study.
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2.3.2. Description of the study area
The study was carried out in Kiambu and Murang’a Counties of Kenya (Figure
2.1). These counties experience an average annual environmental temperature of about
18-20 °C and an average rainfall of 962-1195 mm/yr. Murang'a County is on -0.7957° S
and 37.1322° E, and has a human population of 988,224 and area of 2,558.8 km², with an
altitude of between 914 and 3,353m. Kiambu County is adjacent to the northern border of
Nairobi and is on -1.1462° S and 36.9665° E, and has a population of 2,231,514 with an
area of 2,543.5 km² and an altitude of 1200 to 2550m. Kiambu County is about 40% rural
and 60% urban, owing to Nairobi's consistent growth northwards, and it has experienced
tremendous growth in dairying due to its ready access to a large urban market and the
existence of local milk processing facilities.
2.3.3. Study design, sampling method and data collection
This was a prospective cohort study carried out between July 2018 and Oct 2019
in which 150 zero-grazing smallholder dairy farms were purposively selected and visited
bimonthly in Kiambu and Murang’a (75 farms from each county). The farms were selected
based on: 1) having at least one newborn heifer calf less than six weeks old; 2) practicing
zero-grazing; and 3) having less than ten milking cows, ensuring the study population was
SDF. Dairy cooperatives helped to facilitate the recruitment of farmers through
announcements to their farmers.
The principal farmers consenting to participate in the study were asked to respond
to a questionnaire covering issues related to calf characteristics and management practices,
along with demographics and the history of farmer training on the first visit. Heifer calves
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less than six weeks old on the participating farms were enrolled in the study, and on each
visit, they were assessed by observation within their pen and by physical examination by
1-2 trained animal health personnel, with heart girth tapes used to estimate body weight.
Subsequent visits captured farm- and animal- level characteristics that varied over time
(e.g. group or individual housing, feedstuffs consumed, and body weight).
2.3.4. Collection and analysis of fecal samples
Rectal fecal samples from candidate animals were collected at every visit over the
study period to determine the occurrence of parasite eggs and/or oocysts. Samples were
collected per rectum using a latex-gloved hand, put in a labelled fecal vial and kept in an
insulated box (with ice) before transportation to the laboratory. Samples were processed
in a research laboratory at the Department of Veterinary Pathology, Microbiology and
Parasitology, Faculty of Veterinary Medicine, University of Nairobi. Fecal analysis for
the presence and counts of coccidia oocysts and helminth eggs was undertaken using a
centrifugal fecal flotation method with Sheather’s sugar (Zajac and Conboy, 2012) and
the McMaster method (Hansen and Perry, 1994). The counts were expressed as oocysts
per gram (OPG) of feces for coccidia and eggs per gram (EPG) of feces for helminths.
The fecal samples which were positive for strongyle-type eggs and/or coccidia oocysts
were cultured for morphological identification (MAFF, 1986).
2.3.5. Data management and analysis
Questionnaire data were collected using a mobile-based data collection platform
called Epicollect5® (https://five.epicollect.net/), which was then exported to Excel 2010
(Microsoft, Sacramento, California, USA). Laboratory data were added to the
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questionnaire database and then cleaned, coded, and imported to Stata® 15 statistical
software (StataCorp LLC, College Station, Texas, USA) for analyses.
Descriptive statistics were determined for continuous variables, while proportions
were calculated for categorical variables. Some variables were explored graphically using
histograms, scatter plots and hazard function plots.
Cox proportional hazards (Cox PH) regression analysis was performed to identify
factors associated with the outcome variable time-to-onset (TTO) of infection. The TTO
was set as the time in days from birth (day 0) to the first detection (shedding) of at least
100 strongyle-type eggs or 100 oocysts per gram of feces. Animals that did not show this
shedding on any samples, or that were lost to follow-up, were considered censored in the
dataset.
The explanatory variables were initially tested in univariable Cox PH models. A
crude hazard ratio and incidence rate for each explanatory variable with a P-value of less
than 0.25 was generated. Using a backward selection, a final multivariable model (P≤0.05)
was built from explanatory variables with a univariable association with a P-value of less
than 0.25, with the guidance of a causal diagram.
Potential confounding was evaluated and considered if the coefficients of the
variables in the model were altered by more than 30% when the non-significant
explanatory variable was removed (Dohoo et al., 2009). Two-way interactions between
the explanatory variables in the final model were tested, and an interaction term was
retained if the interaction term’s P-value was ≤0.05.
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The assumption of proportional hazards for each variable in the final model was
explored using a test of proportional-hazards assumption, which produces both covariatespecific and global tests. For each of the variables that violated the assumption of
proportional hazards, graphical evaluations of Schoenfeld residual plots were explored to
identify the possible type of time-varying effect of each variable. The time-varying effect
was evaluated by including an interaction term between the variable and time on a
logarithmic scale. The final model was tested for overall fit, and the effect of outliers was
evaluated (Dohoo et al., 2009). The hazard ratio results in the final model indicate
significant parameters relating to the hazard of infection which is a function of both
infection and time-to-infection (Dohoo et al 2009).
Two multilevel mixed-effects negative binomial regression (MeNB) models were
used to determine factors associated with counts of strongyle-type eggs and counts of
coccidia oocysts. Since repeated measures count data have an inherent within-subject
correlation, we adjusted for this clustering of visits within calves by incorporating a unique
animal identification in the models as a random effect.
Initially, animal- and farm-level factors were tested for univariable associations
with the outcomes of interest (counts of strongyle-like eggs and coccidia oocysts), and
those that had P<0.25 were considered for multivariable analysis. Variables eligible for
multivariable modelling were checked for collinearity by means of the variancecovariance matrix of the estimators (VCE), and multicollinearity was considered to be
present if VCE was greater than 5 for any pair (Dohoo et al., 2009). Statistical significance
and biological plausibility were used to identify which of the collinear variables would be
offered to the multivariable modelling process.
41

The two multivariable mixed-effects negative binomial regression models were
fitted manually through backward removal of the least statistically significant variable in
the model, keeping variables in the final models that met the cut-off of P<0.05.
Explanatory variables were considered confounders if their removal from the
multivariable model modified the coefficients of other significant variables by 30%, in
which case they were kept in the final model regardless of their P-value. Plausible
biological interactions between significant explanatory variables in the final model were
tested, and significant interaction terms (P<0.05) were retained in the final models (Dohoo
et al., 2009). Residuals were evaluated to validate the models.

2.4. Results
2.4.1. Demographic and farm descriptive statistics
A total of 187 calves from 150 farms were enrolled between July 2018 and
February 2019. Calves were followed for up to 477 days with up to 6 on-farm assessment
visits done bimonthly. Only 100 animals were assessed and sampled six times due to
losses to follow-up and late entry into the study.
Demographic and farm characteristics are shown in Table 2.1. In summary, the
principal farm owners were both male (50%) and female (50%) gender, with almost half
of them having attained only primary education. Most of the principal farmers were
married, and close to 60% of them had received training on some aspects of dairy farming
through the farmers' cooperative meetings. Farmers had an average age of 52 years, with
an average of nearly three adults per household. The mean area of land owned was
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approximately one and a half acres, with an additional half an acre of land being leased
for fodder growth. Farmers reported that, on average, half of their household income came
from dairy farming through the sale of milk and animals. Milk sales averaged just over
$300 (USD) per month. Herd size averaged almost six animals, with all the farms having
at least one calf pen, with a mean floor area of 4 m2, in which calves were spending nearly
six months, on average. Over 90% of the calves in the study were Friesian with an average
weaning age of 3 months from dams having 3+ parities.
2.4.2. Prevalence and counts of GI parasites
Tables 2.2 and 2.3 show the point prevalences and EPG or OPG of different
parasites at different visit numbers during the study. Strongyle-type eggs were present in
at least one calf on all of the visits, with the highest proportion observed in the sixth visit.
The average EPG generally increased in number over time. The most common strongyle
was Haemonchus placei, which was present in at least one calf on all the visits. Other
nematodes present were Strongyloides spp., Trichuris spp. and Nematodirus spp. Cestodes
were recorded in low numbers and were mainly Moniezia spp.
On the first visit, only a quarter of calves had coccidia, but over half were shedding
coccidia for visits 2-5, peaking at 66% on visit 3, and then dipping below 50% on the last
visit. The most common species were Eimeria bovis and E. zuernii. The average OPG was
initially high, peaking at visit 1 with a mean of 2313 and a median of 400, but reduced
during subsequent visits.
For all visits, the overall incidence rate of strongyles was 0.0011 cases/animalday, while coccidia was 0.0073 cases/animal-day. The overall incidence risks of
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strongyles and coccidia over the study period were 28.3% (53/187) and 87.7% (164/187),
respectively. For infected calves, the median (and interquartile range) for time-to-onset
for strongyles and coccidia was 78 (IQR 38-117) and 43 (IQR 29-92) days, respectively.
2.4.3. Cox Proportional Hazards Models
The following variables were found to have univariable associations (p≤0.25) with
TTO of strongyle-type egg shedding: Calf breed, Calf sometimes tethered outside the pen,
Calf weaned from milk, Calf being fed on natural grass, Herd size, Social type of calf
housing, Calf fecal consistency, Calf age at weaning and Calf body weight (Table 2.4).
In the final model, three variables were found to be significantly associated
(p≤0.05) with TTO of strongyle-type egg shedding (Table 2.6). Ayrshire and Jersey calves
had a 2.4 times greater hazard of having strongyle-type eggs compared with Friesian
calves. Weaned calves had 0.34 times the hazard compared with pre-weaned calves. The
third variable, Calf sometimes tethered outside the pen, was a time-varying covariate. At
birth, calves tethered outside the pen had 0.01 times the hazard than those kept in the calf
pen all day. The hazard of tethering the calves outside the pen increased by 3.09 times
with each unit increase in the log of days. Consequently, by 90 days (log day 4.5), the
hazard ratio (HR) for tethered calves would be 1.6 (0.01*3.09^4.5= 1.6) times that of
calves kept in a pen all day.
There was no violation of the proportional-hazards assumption as revealed by the
global test result of 0.3715 (time) and 0.4049 (log time). The baseline hazard (Friesian
breed, an animal not tethered nor weaned) showed that the hazards progressively increased
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throughout the study period (Figure 2.2). The hazard decreased slightly, however, by
about 130-200 days.
The following variables were found to have univariable associations (p≤0.25) with
TTO of coccidia oocyst shedding: Calf breed, Calf sometimes tethered outside the pen,
Calf stall/pen floor cleanliness, Calf stall/pen knee wetness, Calf weaned from milk, Calf
fed Napier grass, Social type of calf housing, Calf housed next to the dam, and Calf fecal
consistency (Table 2.5).
In the final model, four variables were found to be significantly associated
(p≤0.05) with TTO of coccidia oocyst shedding (Table 2.7). The animals that had watery
and/or hemorrhagic diarrhea had a 2.3 times greater hazard of having coccidia oocysts
compared with animals that had hard or soft feces. Calves that had been weaned had 0.99
times greater hazard of shedding coccidia oocysts than those not weaned. The last two
variables in the model, Calf age at weaning and Calf body weight, were time-varying
covariates. The hazard of shedding coccidia oocysts with weaning of the calf increased by
10.9 times with each unit increase in log days. Consequently, by 90 days (log time 4.5),
the hazard ratio for these calves would be 0.19 (4.14e-06*10.92^4.5=0.19) times that of a
newborn. It was also noted that at birth, which is day 0, the hazard of shedding coccidia
oocysts was 0.81 times for every unit increase in body weight. This hazard varied over
time with the hazard ratio increasing by 1.04 times with each additional day in the age of
the calf. Consequently, by 90 days (log time 4.5), the hazard ratio for these calves would
be 0.97 (0.81*1.04^4.5= 0.97) times that of the baseline.
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There was no violation of the proportional-hazards assumption as revealed by the
global test result of 0.7200 (time) and 0.9979 (log time). The baseline hazard (fecal
consistency being normal, an animal not weaned, age at weaning being 41 days which was
the lowest age at weaning reported, and weight being 28kg which was the lowest weight
recorded), showed that the hazard of shedding coccidia oocysts initially increased up to
approximately 100 days of age, and then it reduced evenly over time (Figure 2.3).
2.4.4. Multilevel mixed-effects negative binomial regression
The following variables were found to have univariable associations (p≤0.25) with
strongyle-type egg counts; Calf weaned from milk, Herd size, Duration of dairy farming
experience, Education level of the principal farmer, Calf breed, Calf sometimes tethered
outside the pen, Calf fed natural grass, Calf housed next to the dam, Calf fecal consistency,
Calf age at weaning and Calf body weight.
In the final multilevel mixed-effects negative binomial regression model for
strongyle-type egg counts, the following explanatory variables were found to be
significant; Calf weaning status, Herd size, Duration of dairy farming experience, and an
interaction between the last two variables (Table 2.8). Calves that had been weaned had
higher EPG than those still on milk. The predicted strongyle-type egg counts gradually
increased with years of dairy farming experience when the herd size was less than five
cattle but diminished when the herd size was more than five (Figure 2.4).
The following variables were found to have univariable associations (p≤0.25) with
coccidia oocyst counts; Calf sometimes tethered outside the pen, Calf stall/pen floor
cleanliness, Calf fed Napier grass, Calf fecal consistency, Elevated and slatted calf pen
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floor, Age of the principal farmer, Calf age at first deworming, Calf age at weaning, Calf
weaned from milk, Calf body weight, Calf body condition score, Calf leg cleanliness, and
Calf being fed hay.
In the final coccidia model, the following explanatory variables were significantly
associated with coccidia oocyst count; Calf sometimes tethered outside the pen, Calf
stall/pen floor cleanliness, Calf fed Napier grass, Calf fecal consistency, Calf stall/pen
floor design, and an interaction between the last two variables (Table 2.9). Calves
sometimes tethered outside their pens had higher counts than those consistently kept in
pen. The calf pens with either scant manure or moderate slurry floor had higher counts
than those on a clean pen floor. Calves fed fresh Napier grass had higher counts compared
with those not given fresh Napier grass. Figure 2.5 shows the interaction between Calf
fecal consistency and Calf floor design. When Calf fecal consistency was hard or soft, the
counts were unchanged and low, regardless of the Calf floor design. When Calf fecal
consistency was diarrhea + blood, however, counts were higher when the calf was not on
an elevated and slatted floor.

2.5. Discussion
This is the first study to describe TTO (and related factors) of GI parasitism eggs
and oocysts in heifer calves within the Kenyan smallholder dairy production system. In
this study, helminths with strongyle-type eggs and coccidia were the most common
endoparasites among the sampled calves, which has been reported in other studies in other
parts of Kenya (Waruiru et al., 2000; Callaby et al., 2015). The fact that 28.3 % (53/187)
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and 87.7% (164/187) of heifer calves had strongyle-type eggs and coccidia oocysts,
respectively, suggests that gastrointestinal (GI) parasite infestation is still an important
factor in the health management of dairy calves. These parasites are known to depress
growth rates in cattle when burdens are sufficiently high (Kanyari et al., 2010).
Haemonchus placei was the most common nematode in our study, and the level of
infection was generally higher than all other helminths. This observation is also consistent
with the findings of Bronsvoort et al. (2013), Njonge (2017) and Waruiru et al. (2000;
1998), who also noted the effect of climate on the prevalence, as evidenced by variations
over wet and dry seasons. Other helminths detected, including Trichostrongylus spp.,
Oesophagostomum spp., Nematodirus spp., Strongyloides spp., and Trichuris spp., have
also been reported by other researchers at low prevalence (Waruiru et al., 2000; Njonge,
2017; Bronsvoort et al., 2013).
The high prevalence and fecal OPG of coccidia in calves were in agreement with
the findings of other researchers (Waruiru et al., 2000; Kanyari et al., 2010), confirming
that calves are a highly infected population in primarily zero-grazed smallholder dairy
herds. Eimeria bovis and E. zuernii were the most frequently encountered coccidia species
of calves in this study. Unfortunately, the importance of coccidiosis appears to be
underestimated by both veterinarians and farmers in this part of Kenya because no farms
showed an awareness of the coccidia problem through targeted control strategies, such as
the use of anticoccidial agents, even though manure removal was common.
Although previous study (Waruiru et al., 2000) in the same region recorded
Fasciola hepatica in adult cattle, our study did not find Fasciola spp. eggs in any of the
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calves < 1 year old. We, however, noted the low prevalence of the cestode, Moniezia spp.,
that has previously been detected in central Kenya (Waruiru et al., 2000). Pathogenicity
of Moniezia spp. is considered low, but the loss of growth has been recognized in infected
calves (Irie et al., 2013).
4.1. Factors associated with TTO of strongyle infection
Our results show substantial changes in the prevalence of strongyles with the
weaning status of the animal (Table 2.6). There was a reduced hazard of strongyle
infection in calves weaned (older than 12 weeks) compared with those not weaned. This
was contrary to the findings of Callaby et al. (2015), who reported high strongyle
infestation in young (age 1–11 weeks) compared to old (age 16–51 weeks) calves grazed
on pasture in Kenya. Our findings suggest that strongylosis commences in young calves
at the tapering of milk intake, which may compromise animal immunity (Hulbert and
Moisá, 2016). Reports have shown that low-level infection during pre-weaning enables
animals to develop some level of immunity (Waruiru et al., 2000). The farmers in our
study often dewormed their animals immediately post-weaning, reducing the worm
burden and leading to low EPG post-weaning.
The observed HR of 2.44 in Jerseys/Ayrshires compared with Friesians on TTO
of strongyle-type egg shedding may not be a direct consequence of breed per se but an
indirect effect of farm management. We believe that the farms with Friesian calves likely
received better management due to a higher level of education of principal farmers on
these farms (Chi-squared test =10.4, P=0.005). Generally, farmers that reared Friesians
produced high milk yield compared with Jersey or Ayrshire breeds (Lukuyu et al., 2019)
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and thus had extra income, which facilitated timely helminths control and provision of
better-quality fodder. It is also worth noting that generally, exotic cattle experience high
hazards of strongyle infections compared with the indigenous breeds (Karen et al., 2019).
Our description of breed was based on coat colour, even if the calves were crosses.
Therefore, Friesians may have been indigenous crosses, suggesting that they had better
immunity and, consequently, lower hazards (McManus et al., 2014).
The study revealed that tethering of calves on pasture led to an increase in hazard.
Farmers who practised tethering tied the animal on a peg with a rope, and the peg was
shifted from one location to another within the homestead. The availability of a wellgrown pasture influenced the selection of the peg location. The introduction of calves onto
pasture has been shown to increase the hazard and burden of strongylosis (Maria et al.,
2011), especially in a previously grazed area. The distribution of infective L3 on pasture
is strongly related to the previous deposition of infected feces (Burggraaf et al., 2009).
The intensive use of land can be unavoidable in the smallholder setting where land size is
small, and manure remains uncollected or even spread around the household without
decomposition.
2.5.1. Factors associated with TTO of coccidia infection
Generally speaking, coccidiosis is considered a disease of young animals kept
under intensive management systems where there is a high likelihood of exposure to feces
with coccidia oocysts. Stress associated with overcrowding, poor pen hygiene food
changes, nutritional deficiencies, weaning strategies and adverse weather conditions is
favourable for the survival and/or development of oocysts, and therefore higher infection
rates when compared to extensive farming systems (Vorster and Mapham, 2012).
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Our study revealed that the hazard for coccidia was high in calves with watery or
hemorrhagic diarrhea as compared to calves with soft or hard feces (Table 2.7), which
agrees with previous findings (Dawid et al., 2012; Samrawit et al., 2017). The fecal
consistency may be a consequence of infection, but diarrheas might contribute to poor
hygiene within the pen. Poor sanitation in the calving pen and calf-housing areas favour
infection with coccidia (Samrawit et al., 2017). Zerihun et al. (2017) recommended that
calves with severe diarrhea be isolated and treated with appropriate medicines to limit
fecal contamination, however, coccidiostats were not used in our study population.
The current study indicated that the hazard of coccidia infection was associated
with the weaning status of the calves, with an increase in hazard when the animal had been
weaned. The strong association of TTO of coccidia infection with the weaning status of
the animal may be attributed to prevailing stress post-weaning that compromises
immunity and, therefore increases susceptibility and/or likelihood of coccidia shedding
(Dawid et al., 2012). Higher infection rates are often found in pre-weaned calves, which
may be attributed to weak immunity (Ibrahim et al., 2015; Faber et al., 2002), but these
pre-weaned calves usually are still shedding oocysts post-weaning as well, which may
also be contributing to this association between weaning status and hazard of coccidia
infection.
This study found that age at weaning (measured in days) was associated with TTO
of coccidia infection. Calves weaned at a later age had higher hazards compared with
calves weaned at an earlier age. We noted that farmers that weaned animals early generally
had a higher level of education. Richards et al. (2015) observed that farmers with a higher
level of education reported improved milk yield, possibly due to improved management.
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It may be that those farms that weaned animals early had good management and hygiene,
leading to minimized stress, stronger immunity and lower infection rates.
This study discovered that the calf’s body weight was a protective factor at birth,
with animals having higher body weight being associated with a lower hazard of coccidia
infection. However, this association changed to an increased risk when time was
considered, as shown in the time-varying covariate term. As a calf ages and grows, it is
exposed to infection over time. However, in many cases, coccidiosis is a self-limiting
disease, and spontaneous recovery without specific treatment is common once the rapid
multiplication stage of the coccidia has passed (Dawid et al., 2012). Although altered
immune function in low birth weight calves may increase vulnerability to infection later
in life (Raqib et al., 2007), previous exposure contributes to the development of a certain
level of immunity in older calves, with low level shedding of oocysts (Faber et al., 2002).
4.3 Factors associated with strongyle-type egg counts
Calves that had been weaned in our study had higher strongyle-type egg counts
than those still on milk (Table 2.8). This finding may be attributed to the fact that weaned
animals are more likely to ingest infective larvae together with the forages consumed. In
their study, Callaby et al. (2015) observed higher median strongyle EPG in old (age 16–
51 week) calves than young (age 1–11 weeks) calves possibly due to weaning as calves
were allowed to graze on pasture once weaned. Additionally, Peter et al. (2015), in their
study on gastrointestinal parasites, did not identify strongyles in four- and six-weeks-old
calves. This suggests that pre-weaned calves typically are not exposed to strongyles before
consuming grass.
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Our study showed that strongyle-type egg counts were higher in calves reared in
relatively large herds (>5 cows; n=76) than in small herds (≤5 cows; n=111). High
infection in large herds might be due to rapid fecal-oral spread of infection mainly by
contamination of feed and water troughs when animals are communally fed and
overcrowded (Nasir et al., 2009; Zerihun et al., 2017). It is unclear why, in an interaction
term, strongyle-type egg counts increased with years of dairy farming experience when
the herd size was less than five but diminished when the herd size was more than five
(Figure 2.4). Future research may help to confirm and/or elucidate this apparent and
possibly spurious association.
2.5.2. Factors associated with coccidia egg count
We found that calves with diarrhea had a mean OPG of 2422 (SD 2422), while
those with normal feces had 145 (SD 234). Previous reports have observed a strong
correlation between levels of coccidia oocysts and the incidence of diarrhea in calves,
particularly for E. zuernii (Bangoura et al., 2011). E. zuernii was more prevalent than E.
bovis in our study. Commonly, the severity of coccidia disease in calves depends upon the
number of sporulated oocysts they ingest. Sultana et al. (2014) found that sub-clinical
coccidiosis in calves decreased weight gain and thus retarded growth.
Our study revealed increased fecal oocyst counts on calves tethered on pasture
compared to those kept in pens (Table 2.9). Tethering locations could be the source of
infection because Lucas (2011) reported that soil samples analyzed from the cattle’s
pasture contained coccidia oocysts and that 84% of the oocysts identified were sporulated.
This contaminated soil implies that pasture grazing and possibly tethering practices both
contaminate the environment and expose an animal to oocysts when they are returned to
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lush grass spots where tethering occurred recently. It has been suggested that pastures
should be drained, and wet areas fenced off to avoid the accumulation of infective oocysts
in the immediate environment of the animals (Sultana et al., 2014).
Feeding fresh Napier grass to calves increased the OPG. Most farmers had some
land reserved for fodder growth, mainly Napier grass. Given the challenge of managing
manure, most farmers disposed of the undecomposed manure to the fodder fields. This
manure may contaminate the Napier grass and thus increase the risk of exposure of calves
to oocysts. Since coccidia are transmitted by the fecal-oral route, reducing the
contamination of feed, water, or soil by performing regular sanitary measures on manure
through composting to allow biological sterilization by self-heating should be considered
as routine management practice (Soch et al., 2011).
Our study showed an increased OPG in calves with an increase in the manure
accumulation on the floor of the calf pen. Zerihun et al. (2017) also reported an association
between coccidia infection and hygiene status of the calf house, which implies that poor
sanitation in the calving and calf housing areas increases calf exposure to coccidia oocysts.
For the observed significant interaction between Calf floor design and Calf fecal
consistency, calves with watery to hemorrhagic diarrhea had reduced counts when in pens
with elevated slatted floor compared with those on the ground. This interaction could be
because watery diarrhea seeps through the slats, not allowing fecal accumulation and
coccidia exposure (Bangoura et al., 2011).
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2.6. Conclusion and recommendation
This study reports a high incidence rate of coccidia (ten-fold compared with
strongyles) within the smallholder production system, with earlier time-to-onset of
infection and higher oocyst counts. On-farm management practices and farm
characteristics appear to have a role in time-to-onset of infection and egg/oocyst counts in
heifer calves. Kenyan smallholder dairy farmers should be trained to: 1) recognize the
importance of using parasiticides at the appropriate time related to the likely time-to-onset;
and 2) implement better management practices to limit the exposure and negative
consequences of GI parasite infections.
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Figure 2.1: Map of Kenya showing households that were visited in Kiambu and Murang’a
Counties in a prospective cohort study on 150 smallholder dairy farms.
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Figure 2.2: Graph showing the baseline hazard of strongyle-type egg shedding, by day, for
187 calves on 150 Kenyan smallholder dairy farms
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Figure 2.3: Graph showing the baseline hazard of coccidia oocyst shedding, by day, for 187
calves on 150 Kenyan smallholder dairy farms
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Figure 2.4: Interaction between duration of farming and herd size and their association
with strongyle-type egg count in 187 calves on 150 Kenyan smallholder dairy farms
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Figure 2.5: Interaction plot between calf fecal consistency and calf floor design and their
association with coccidia oocyst counts in 187 calves on 150 Kenyan smallholder dairy
farms
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Table 2.1: Summary of animal demographics and farm characteristics for 187 calves on
150 Kenyan smallholder dairy farms
Continuous Variables

Number

Mean

SD

Media

Range

n
Farmer variables
# of adults per household

150

2.73

1.28

2

1-8

Age of principal farmer (years)

150

51.52

12.68

52

21-82

Duration of dairy farming experience (years)

150

17.51

12.41

14

0.5-60

Overall proportion of income from dairy farming (%)

150

49.40

24.26

50

5-100

Land size owned by the farmer (acres)

150

1.43

2.42

1

0.025-24

Land size leased for dairy farming (acres)

150

0.41

0.67

0.125

0-4

Gross income from milk sale (USD) per month

150

308

394

160

20-2400

148

24.51

18.46

20

2-104

Farm variables
Age at which calves are moved from the calf pen
(weeks)
2
Floor area of the calf pen (m )

150

4.06

5.32

2.25

0.26-35

Average weaning age (weeks)

150

13.32

4.08

12

10-48

Herd size

150

5.73

4.64

4

1-30

Categorical Variables

Category

Number

Proportion
(%)

Farmer variables
Gender of the principal farmer

Marital status of the principal farmer

Male

75

50.0

female

75

50.0

Married

130

86.7

Single

9

6.0

widowed

11

7.3

Attended any dairy farmers training

No

63

42.0

Yes

87

58.0

Education level of principal farmer

Primary

71

47.3

Secondary

55

36.7

College/

24

16.0

Friesian

169

90.9

Ayrshire & Jersey

17

9.1

1

50

26.7

2

52

27.8

≥3

85

45.5

University
Animal variables
Calf breed

Calf parity number
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Table 2.2: Point prevalences of parasites identified in the fecal samples from 187 calves during bimonthly visits on 150 zerograzed Kenyan smallholder dairy farms
Visit Numbers
Parasites
Strongyle-type
Trichostrongylus spp.
Oesophagostomum spp.
Haemonchus placei
Strongyloides spp.
Trichuris spp.
Nematodirus spp.
Cestodes
Moniezia expansa
Moniezia benedeni
Coccidia
Eimeria zuernii
Eimeria bovis
Eimeria ellipsoidalis
Eimeria cylindrica

1st (n=187)
Percent (#)
2.14( 4)
0.00 (0)
0.53 (1)
1.60 (3)
0.53 (1)
0.00 (0)
2.67 (5)
0.00 (0)
0.00 (0)
0.00 (0)
25.67 (46)
12.83 (24)
23.53 (44)
0.00 (0)
0.00 (0)

2nd (n=179)
Percent (#)

3rd (n=165)
Percent (#)

10.00 (18)
0.56 (1)
2.78 (5)
7.22 (13)
0.00 (0)
0.56 (1)
10.56 (19)
0.56 (1)
0.56 (1)
0 (0.00)
50.84 (91)
23.89 (43)
49.44 (89)
2.22 (4)
0.00 (0)

9.09 (15)
1.82 (3)
2.42 (4)
6.67 (11)
0.00 (0)
0.00 (0)
9.70 (16)
4.24 (7)
0.00 (0)
4.24 (7)
66.06 (109)
25.45 (42)
63.64 (105)
3.64 (6)
0.00 (0)
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4th (n=151)
Percent (#)
11.26 (17)
1.99 (3)
4.64 (7)
7.28 (11)
0.00 (0)
1.32 (2)
15.23 (23)
1.32 (2)
0.00 (0)
1.32 (2)
59.60 (90)
21.85 (33)
55.63 (84)
0.66 (1)
0.00 (0)

5th (n=130)
Percent (#)
17.69 (23)
2.31 (3)
5.38 (7)
14.62 (19)
0.00 (0)
0.00 (0)
20.00 (26)
1.54 (2)
0.00 (0)
0.77 (1)
53.08 (69)
20.77 (27)
48.46 (63)
0.77 (1)
0.77 (1)

6th (n=100)
Percent (#)
21.00 (21)
1.00 (1)
6.00 (6)
18.00 (18)
0.00 (0)
1.00 (1)
22.00 (22)
3.00 (3)
0.00 (0)
3.00 (3)
43.00 (43)
9.00 (9)
42.00 (42)
0.00 (0)
0.00 (0)

Table 2.3: Summary statistics of eggs per gram (EPG) or oocysts per gram (OPG) of parasites identified in calves with positive
fecal samples on 150 zero-grazed Kenyan smallholder dairy farms
Visit Number
Strongyle-type
N
Mean
SD
Median
Strongyloides spp.
n
Mean
SD
Median
Trichuris spp.
n
Mean
SD
Median
Nematodirus spp.
n
Mean
SD
Median
Moniezia spp.
n
Mean
SD
Median
Coccidia
n
Mean
SD
Median

1st
(N=187)

2nd
(N=179)

3rd
(N=165)

4th
(N=151)

5th
(N=130)

6th
(N=100)

4
275
206
250

18
289
295
200

15
340
269
300

17
312
158
300

23
217
187
100

21
243
160
200

1
600
600

-

-

-

-

-

-

1
100
100

-

2
250
212
250

-

1
100
100

-

1
200
200

1
200
200

5
140
55
100

3
333
404
100

2
450
495
450

-

1
1600
1600

7
314
219
200

2
450
495
450

2
300
141
300

3
200
173
100

48
2312
6060
400

91
1167
2242
400

109
561
747
300

90
556
851
300

69
506
645
300

43
337
438
200
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Table 2.4: Description and univariable associations of predictor variables that were considered for the multivariable Cox
Proportional Hazard Model of time to shedding strongyle-type eggs for 187 calves on 150 zero-grazed Kenyan smallholder dairy
farms
Variable
Calf Breed
Calf sometimes tethered outside the pen
Calf weaned from milk
Calf fed on natural grass
Herd size
Social type of calf housing
Calf fecal consistency
Calf age at weaning (days)
Calf body weight (kg)

Category
Friesian
Ayrshire & Jersey
No
Yes
No
Yes
No
Yes
<=5
>5
Individual
Group
Soft/ hard
Watery ± blood
-

# of calves
169
17
168
57
184
156
173
104
111
76
154
89
183
72
168
136
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Time at risk
43102
3385
40027
6494
11952
34607
30657
15404
25735
20824
26179
20380
40799
5684
-

IR
0.0010
0.0024
0.0010
0.0022
0.0013
0.0011
0.0009
0.0017
0.0015
0.0007
0.0013
0.0009
0.0011
0.0018
-

HR
Baseline
2.40
Baseline
2.43
Baseline
0.36
Baseline
1.78
Baseline
0.43
Baseline
0.61
Baseline
1.83
0.99
0.99

p-value
0.023
0.005
0.013
0.037
0.007
0.093
0.089
0.188
0.008

Table 2.5: Description and univariable associations of predictor variables (P<0.25) that were considered for the multivariable
Cox Proportional Hazard Model of time to shedding of coccidia oocysts for 187 calves on 150 zero-grazed Kenyan smallholder
dairy farms
Variable
Calf Breed
Calf sometimes tethered outside the pen
Calf stall/pen floor type

Calf stall/pen floor cleanliness

Calf stall/pen knee wetness test

Calf weaned from milk
Calf fed Napier grass
Social type of calf housing
Calf housed next to dam
Calf fecal consistency
Calf age at weaning (days)
Calf body weight (kg)
! Overall p-value

Category

# of calves

Time at risk

IR

HR

Friesian
Ayrshire & Jersey
No
Yes
Concrete
Stones
Dirt
Wooden
Clean
Scanty manure
Moderate slurry
Lots of slurry
Dry
Marginal
Wet
No
Yes
No
Yes
Individual
Group
No
Yes
Soft/ hard
Watery ± blood
-

169
17
162
54
80
70
76
18
62
127
92
35
108
62
107
182
86
163
120
150
68
84
135
166
60
187
187

20717
1623
18508
3866
6657
4673
8435
2647
1664
9287
8262
3199
6781
4075
11463
10398
12014
7114
15060
14000
8412
5990
16407
19320
3092
-

0.0071
0.0099
0.0069
0.0091
0.0071
0.0088
0.0074
0.0053
0.0054
0.0085
0.0067
0.0066
0.0081
0.0086
0.0065
0.0086
0.0062
0.0079
0.0070
0.0077
0.0067
0.0082
0.0070
0.0063
0.0139
-

Baseline
1.46
Baseline
1.38
Baseline
1.30
0.97
0.66
Baseline
1.15
0.84
0.75
Baseline
1.03
0.70
Baseline
0.32
Baseline
0.65
Baseline
0.82
Baseline
0.79
Baseline
2.54
0.99
0.98
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pvalue
0.151
0.095
0.128!
0.223
0.856
0.176
0.219!
0.705
0.642
0.492
0.070!
0.876
0.049
<0.001
0.019
0.226
0.172
<0.001
0.171
<0.001

Table 2.6: Final Cox proportional hazards model of TTO of strongyle-type egg counts for 187 calves on 150 zero-grazed Kenyan
smallholder dairy farms
Variable
Calf breed
Calf weaned from milk
Calf sometimes tethered
outside the pen

Category
Friesian
Ayrshire and Jersey
No
Yes
No
Yes

Hazard Ratio
Baseline
2.44
Baseline
0.34
Baseline
0.01

Time-Varying Covariate
Calf sometimes tethered outside the pen

3.09
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95%CI

P-value

1.13, 5.28

0.023

0.15, 0.76

0.009

0.00, 1.60

0.075

1.13, 8.43

0.028

Table 2.7: Final Cox proportional hazards model of TTO of coccidia oocyst counts for 187 calves on 150 zero-grazed Kenyan
smallholder dairy farms
Variable
Calf fecal consistency
Calf weaned from milk
Calf age at weaning (days)
Calf body weight (kg)
Time-varying covariates
Calf weaned from milk
Calf body weight (kg)

Category
Soft / hard
Watery ± blood
No
Yes
-

Hazard Ratio
Baseline
2.34
Baseline
4.14e-06
0.99
0.81

-

10.92
1.04

71

95%CI

P-value

1.60, 3.42

<0.001

2.11e-10, 0.08
0.98, 0.99
0.76, 0.86

0.014
<0.001
<0.001

1.25, 94.76
1.02, 1.05

0.030
<0.001

Table 2.8: Final multilevel mixed-effects negative binomial regression model of strongyle-type egg counts in 187 calves on 150
Kenyan smallholder dairy farms
Variable
Calf weaning
Herd size
Duration of dairy farming experience (years)
Herd size >5 * Duration of dairy farming experience

Category
No
Yes
<=5
>5
-
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Coefficient
Baseline
1.476
Baseline
2.819
0.056
-0.077

95% CI

P-value

0.825, 2.127

<0.001

1.139, 4.500
-0.005, 0.117
-0.153, -0.001

0.001
0.071
0.047

Table 2.9: Final multilevel mixed-effects negative binomial regression model of coccidia oocyst counts in 187 calves on 150
Kenyan smallholder dairy farms
Variable
Calf sometimes tethered outside the pen
Calf stall/pen floor cleanliness

Calf fed Napier grass
Calf fecal consistency
Calf stall/pen floor type
Calf fecal consistency
* Calf stall/pen floor type

Category
No
Yes
Clean
Scanty manure
Moderate slurry
No
Yes
Hard or soft
Watery± blood
Not elevated + slatted
Elevated + slatted

Coefficient
Baseline
0.372
Baseline
1.612
1.478
Baseline
0.437
Baseline
3.289
Baseline
-0.117

Not watery ± blood feces and not elevated + slatted floor
Watery ± blood feces on Elevated + slatted floor

Baseline
-0. 864
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95% CI

P-value

0.044, 0.700

0.026

0.926, 2.298
0.793, 2.162

<0.001
<0.001

0.150, 0.725

0.003

2.586, 3.991

<0.001

-0.494, 0.260

0.544

-0.1657, 0.070

0.033

CHAPTER 3: EFFECT OF HOUSING IMPROVEMENT ON THE GROWTH OF
HEIFER CALVES ON KENYAN SMALLHOLDER DAIRY FARMS
3.1. Abstract
The study evaluated effects of affordable housing improvements on average daily
gain (ADG) of heifer calves on smallholder dairy farms from birth to one year of age.
This trial involved 187 heifer calves from150 farms in two Kenyan counties, 75 farms per
county. One county received calf housing improvements that included: 1) filling floor
holes if on the ground or repairing wooden slats if on an elevated floor; 2) introduction of
rubber mats on the lying area; 3) ensuring a floor gradient for drainage; 4) patching leaking
roofs; and 5) providing youngstock care training. During the 16-month data collection
period, bimonthly farm visits were used to measure weight and other animal- and farmlevel factors. Multivariable linear regression was used to model ln ADG and ADG during
pre-weaning and post-weaning periods, respectively.
Median pre-weaning and post-weaning ADGs were 0.307 (interquartile range
(IQR): 0.227-0.398) and 0.487 (IQR: 0.354-0.675) kg/d, respectively. At least two preweaning and post-weaning housing improvements were implemented on all of the
intervention farms. In the final pre-weaning model (p<0.050), factors positively associated
with ln ADG were calf age at first acaricide application, and total number of calf pens,
while factors negatively associated with ln ADG included calf mortality risk over the last
five years and calf age at first free access to water. In an interaction term, for calves from
parity 3+ dams, ADG was lower when milk was fed twice/day than thrice/day, with no
difference in calves of lower parity dams. In a second interaction term, ADG was similar
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by principal farmer gender at higher levels of education, but significantly lower for female
than male principal farmers when only primary education was achieved.
In the final post-weaning model, housing improvements increased ADG by 5.6%.
Other factors positively associated with post-weaning ADG were feeding of calf pellets,
wheat bran, maize bran, and hay. Calf age at first introduction of concentrate, calf
mortality risk over the last five years, and principal farmer age were negatively associated
with ADG. In an interaction term, ADG was high when there were fecal coccidia oocysts
and when calves had visual or physical contact with their dams, but low when fecal
coccidia cysts were present, and these dam-calf connections were absent. In a second
interaction term, ADG increased with more calf pens for female principal farmers, while
remaining low for male principal farmers.
In conclusion, while controlling for other factors of ADG, making affordable calf
housing improvements enhanced ADG, particularly during the post-weaning period.

Key words: smallholder; zero-grazed; daily weight gain; housing; weaning

3.2. Introduction
Best management practices during calf rearing are essential to ensure the
availability of future replacement stock (Lanyasunya et al., 2006) and thereby the total
herd sustainability (Chang’a et al., 2011; Odero-Waitituh, 2017). Appropriate housing for
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good health and growth of the dairy calf is of vital importance for its future production
capacity (Bolt et al., 2017).
Methods of rearing dairy calves in Kenya vary considerably from farm to farm. In
the majority of smallholder resource-limited farms, dairy calves are commonly kept in
pens but allowed to graze or be tethered on natural tropical pastures throughout the year
without protein supplementation. These calves are also often housed poorly, in small pens
together with other livestock, particularly small ruminants. As a result of inadequate
feeding and poor housing management, stunted growth and high mortality have been
reported (Lanyasunya et al., 2006).
Due to decreasing land space, complete zero-grazing is becoming a common
alternative; the animals are housed throughout the year, and feed is provided to them. In
such situations, farmers are often unable to produce sufficient fodder because of their
smallholdings, and so they have to supplement with forage harvested from public areas or
purchased fodder (Rademaker, et al., 2016). With complete housing, there is often an
excessive accumulation of slurry, presence of uneven and/or hard floors in calf pens and
leaking roofs (Nguhiu-Mwangi et al., 2013; Kimeli et al., 2015).
Wide-ranging growth rates of calves has been reported in Kenya. Lanyasunya et
al. (2006), in their study on the effect of supplementation on performance of calves in the
Nakuru area of Kenya, reported an overall average daily gain (ADG) of 0.338 kg/d, while
Gitau et al. (2001) reported a mean ADG of 0.26 kg/d in Central Kenya. Both figures were
below 0.4-0.5 kg/d which is the recommended target for smallholder dairy farms in central
highlands of Kenya (Lukuyu et al., 2012) and 0.5-0.75, targets for developed countries. In
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two other cross-sectional studies, Kathambi et al. (2018) observed an ADG of 0.50 kg/d
in calves aged between 1 week and 12 months, while Makau et al. (2018) reported 0.443
kg/d in heifers aged less than 36 months. The latter two studies may have suffered survivor
bias and thus a possible over-estimation. No study has systematically evaluated the
smallholder farm impact of calf housing enhancement on ADG while exploring other
related factors of ADG.
Dairy heifer growth rates and body weight at first calving are regarded as
important benchmarks in farm management because lower body weight heifers are at a
greater risk of dystocia at first calving (Mee, 2008), produce less milk, and have a shorter
lifespan in the herd (Archbold et al. 2012; McNaughton and Lopdell, 2013). It is,
therefore, important to understand reasons for growth impairment in calves, especially if
they are associated with housing factors that can easily be fixed by farmers themselves.
Focused prospective studies on calf growth, the housing environment and
individual calf parameters are limited in Kenya. The few research studies on this topic
(Gitau et al., 2001; Lanyasunya et al., 2006; Thumbi et al., 2013) were largely explorative
or based on extensive management systems that are dominated by indigenous breed
crosses. Analysis of growth patterns following physical environmental enhancement
would be useful for determining the relative importance of housing factors that may affect
production efficiency parameters such as ADG.
The objective of our study was to evaluate the effects of practical and affordable
calf housing improvement on ADG during pre- and post-weaning periods on smallholder
dairy farms.
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3.3. Material and Methods
3.3.1. Ethical approval
This study was approved by the Research Ethics Board and the Animal Care
Committee of the University of Prince Edward Island. The study was explained orally to
all participants, and signatures for informed consent were obtained from all the
participants in the study.
3.3.2. Description of the study area
The study was carried out in Kiambu and Murang’a Counties of Kenya (Figure
3.1). These counties experience an average annual environmental temperature of about
18-20 °C and an average rainfall of 962-1195 mm/yr. Murang'a County is on -0.7957° S
and 37.1322° E, and has a human population of 988,224 and area of 2,558.8 km², with an
altitude of between 914 and 3,353m. Kiambu County is adjacent to the northern border of
Nairobi and is on -1.1462° S and 36.9665° E, and has a population of 2,231,514 with an
area of 2,543.5 km² and an altitude of 1200 to 2550m. Kiambu County is about 40% rural
and 60% urban, owing to Nairobi's consistent growth northwards, and it has experienced
tremendous growth in dairying due to its ready access to a large urban market and the
existence of local milk processing facilities.
3.3.3. Study design, sampling method and data collection
This was a randomized controlled trial, in which calf-pen improvement was
implemented on smallholder dairy farms in Kiambu County and control farms were those
in Murang’a County. Randomization was achieved at the county level to minimize
contamination of control group farms, which can happen if they are located in the same
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area as intervention farms, since housing improvement is something fixable by owners
if/when control group farmers visit intervention group farmers (Kathambi et al., 2019;
Richards, 2017).
The enrolment of farms to the study was voluntary after a sensitization meeting
with the farmers through their cooperative society. Inclusion criteria were: 1) farm being
in the target county; 2) having at least one newborn heifer calf aged less than six weeks;
3) practicing zero-grazing; and 4) had less than ten milking cows. A total of 150 farms,
seventy-five from each county, were enrolled in the study over a period of eight months.
On the initial visit, the principal farmers consenting to participate in the study were
asked to respond to a questionnaire covering issues related to the calf characteristics,
management practices, farmer training and demographics. The calves were also assessed
by observation and thorough physical examination. We then administered calf-pen floor
improvements on intervention farms which included: 1) filling floor holes if on the ground
or repairing wooden slats if on an elevated floor to enhance flooring evenness; 2)
introduction of rubber mats on the lying area for softness; 3) ensuring a floor gradient for
drainage; 4) patching leaking roofs; and 5) providing youngstock care training. The
control farms received the same housing improvement and training at the end of study
period.
Each study animal was routinely monitored bi-monthly for up to 6 farm visits,
where applicable. During the follow-up period, July 2018 to October 2019, routine
clinical examinations on study calves were conducted, and fecal samples were collected
per rectum. Fecal samples underwent centrifugal fecal flotation with Sheather’s sugar to
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determine the presence of strongyle-type eggs and coccidia oocysts. Data on farm
management practices, and herd health and veterinary interventions on the herd since the
last visit were collected. Body weight (kg) via girth measurements (cm) were recorded at
recruitment and during all visits. Training on youngstock care was provided verbally to
each farmer during the farm visit for approximately 10-20 minutes based on observed
farm needs, with practical recommendations according in the Handbook for Kenyan
Smallholder Dairy Farms (https://www.farmershelpingfarmers.ca/dairy-fact-sheets-andlinks/).
The outcome variable was Average Daily Gain (ADG) of weight, which is an
objective measure of animal growth. The calf-specific ADG between visits was calculated
as the difference between two consecutive bimonthly weights divided by the number of
days between the two visits.
3.3.4. Data management and analysis
Questionnaire data were collected using a mobile phone-based data collection
platform (Epicollect5®; https://five.epicollect.net/), which was then exported to MS Excel
2010 (Microsoft Inc., Sacramento, California, USA). Laboratory data were added and then
cleaned, coded, and imported to Stata® 15 statistical software (StataCorp LLC, College
Station, Texas, USA) for statistical analyses.
We anticipated that factors associated with the growth of calves pre-weaning were
different than for the post-weaning period. Therefore, we modelled factors associated with
ADG for the periods between 1) first and third visits; and 2) third and sixth visits. For
each animal, therefore, ADG was calculated as the difference between weights observed
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on: 1) the third visit and first visit, divided by the number of days between the visits (model
I); and 2) the sixth visit and third visit, divided by the number of days between the visits
(model II).
Descriptive statistics, such as means, standard deviations, median and ranges, were
determined for continuous variables, while proportions were calculated for binary and
categorical variables. Between-group (counties) differences at baseline (visit 1) were
calculated using independent sample t-tests and Chi-squared statistics.
The ordinary least-squares linear regression was used in building models using
ADG as the outcome of interest. Assessment for normality of ADG was performed using
histogram, Q-Q plot and Shapiro-Wilk test. Box-Cox analysis was used to estimate a
suitable transformation factor for the ADG outcome in the pre-weaning period. These
assessments found that ADG for model I was right-skewed, and a natural logarithm of
ADG achieved normality. Additionally, a curvilinear relationship was explored for
continuous predictors.
In the first step, univariable linear regression models for all the predictor variables
were fitted into separate models, with those having P≤0.25 being offered to the
multivariable analysis. Multicollinearity was then evaluated among the univariable
association variables, and one of the correlated predictors was dropped, based on
biological plausibility and statistical significance. A multivariable model was then built
through backward removal, while evaluating for potential confounding. Two-way
interactions between the biologically plausible variables in the final model were tested,
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and an interaction term was retained if the P-value of interaction terms was found to be
significant at P≤0.05.
Residual analysis was performed to evaluate model assumptions and diagnostics.
The normality of residuals was evaluated using histograms, Q-Q plots and normality tests.
Homoscedasticity was evaluated by plotting standardized residuals against predicted
values, and by using Breusch-Pagan test. Identification of extreme and influential
observations was done by sorting and graphing the standardized residuals and comparing
changes in coefficient estimates and their significance when modelling with and without
influential observations. Model fitness was assessed using PRESS statistics (Holiday et
al., 1995).

3.4. Results
3.4.1. Descriptive statistics and univariable analysis
A total of 187 heifer calves from 150 smallholder farms were recruited at different
times between July 2018 and February 2019 and followed for up to 477 days, with up to
6 on-farm assessment visits done bimonthly. The number of study farms and candidate
calves decreased in subsequent visits due to loss to follow up and late enrolment. One
hundred and sixty-five animals from 132 farms were evaluated three times, while only
100 animals from 91 farms were assessed and sampled six times (Table 3.1).
Table 3.2 and 3.3 report on baseline differences between the intervention and
control group farms. Participating farms from Murang’a County had significantly higher
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owned land acreage but leased less land and earned lower gross income from milk as
compared to Kiambu County farms. The differences in average weaning age, bodyweight
at enrolment and farmer education level were statistically significant. However, there was
no baseline difference in the number of adults per household, age/gender/marital status of
the principal farmer, duration involved in dairy farming, previous attendance of training,
floor area of the calf pen, average weaning age, calf breed or dam parity number.
At least two pre-weaning and one post-weaning housing improvement(s) were
implemented on all of the 75 intervention farms with pre-weaned calves (Table 3.4).
Rubber mats were provided to all intervention farms to improve softness of the lying area.
Fixing the floor gradient to improve liquid drainage, and fixing holes or slats in the floor
were other common fixes applied. Over half of the intervention farms with pre-weaned
calves and with post-weaned calves had at least two fixes applied.
The overall ADG of the animals that completed the study was 0.429 kg/d
(SD=0.297), with a median of 0.365 kg/d. The calves examined in the pre-weaning period
(1st to 3rd visits) had a mean ADG of 0.324 kg/d (SD=0.133; median= 0.307), while the
animals examined in the post-weaning period (3rd to 6th visits) had a mean ADG of 0.510
kg/d (SD=0.220; median= 0.487). The mean body weight at recruitment was 46.5 kg/d
(SD=8.5) at a mean age of 26.5 days (SD= 17.8), while the mean weight on the sixth (last)
visit was 188 kg (SD=58) at a mean age of 356 days (SD=37.8). Figure 3.2 shows the
large variability of bodyweight gains with age among individual calves.
Descriptive statistics and univariable analyses for categorical and continuous
variables eligible for multivariable analyses of factors associated with ADG are presented
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in Table 3.5, 3.6, 3.7 and 3.8, respectively. There were 27 and 30 variables meeting the
p<0.25 eligibility cut-off for the pre-weaning and post-weaning multivariable models for
ln ADG and ADG, respectively.
3.4.2. Multivariable linear regression models
Model I
In the final pre-weaning model, the following explanatory variables were found to
be significantly associated with ln ADG: Education level and Gender of the principal
farmers, Dam parity number, Calf frequency of milk feeding, Calf age at first acaricide
application, Total number of calf pens, Calf mortality risk over the last 5 years and Calf
age at first free access to water (Table 3.9).
The relationship between the principal farmer’s level of education and ln ADG
depended on the gender of the principal farmer. ADG was significantly lower by 31.6%
for female than male principal farmers but only when primary education was the highest
education level achieved; ADG was similar by principal farmer gender at higher levels of
education (Figure 3.3).
In a second interaction term, the relationship between dam parity number and ln
ADG depended on the frequency of milk feeding. For calves from parity 3+ dams, ADG
was lower by 28.1% when milk was fed twice/day than thrice/day; however, there was no
ADG difference in calves of lower parity dams. (Figure 3.4).
The coefficients of variables not involved in interactions can be interpreted
directly through exponentiation of the coefficients due to the transformed outcome
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variable of ln ADG. Based on the exponentiated coefficient, ADG increased by 0.6% for
every one-week delay in acaricide application. For number of calf pens, the exponentiated
coefficient showed that ADG increased by 5.3% for every additional calf pen. There was
a reduction of ADG by 0.5% for every increased percentage point in mortality risk over
the last 5 years. Delayed age at first free access to water was associated with a reduced
ADG by 0.7% for every one-week delay.
Model II
In the final model, the following explanatory variables were found to be
significantly associated with post-weaning ADG: Housing improvement, Age and Gender
of the principal farmers, Total number of calf pens, Fed maize bran, Fed wheat bran, Fed
calf pellets, Fed hay, Age at first introduction of concentrate, Dam average daily milk
yield in the first six weeks, Mortality risk over the last 5 years, Presence of fecal coccidia
oocyst and Presence of dam-calf connection by way of having adjacent housing, allowing
the calf physical or visual contact with the dam (Table 3.10).
Calf housing improvement was associated with increased ADG by 0.054 kg/d
among the animals on the farms that received the intervention. An increase in the age of
the principal farmer was associated with a decrease of ADG by 0.004 kg/d for every
additional year. The calves feeding on maize bran and wheat bran had 0.086 kg/d and
0.079 kg/d better ADG than those not fed maize bran and wheat bran, respectively. Also,
calves feeding on calf pellets and on hay had a 0.204 kg/d and 0.077 kg/d increase in ADG
respectively compared to those not fed calf pellets or hay. Delay in the introduction of
concentrate to calves was associated with decreased ADG by 0.005 kg/d for every one85

week delay. For each additional liter of the dam’s average daily milk yield in the first six
weeks, there was an increase in ADG of 0.008 kg/d. There was a reduction of ADG by
0.002 kg/d for every increased percentage point in mortality risk over the last 5 years.
There was an interaction between dam-calf connection and the fecal shedding of
coccidia oocysts. The ADG was reduced by 0.009 kg/d when there were fecal coccidia
oocysts and when the calves were allowed to connect with the dam and ADG was low by
0.089 kg/d when fecal coccidia oocysts were present and dam-calf connection was absent
(Figure 3.5).
The relationship between gender and the ADG depended on the total number of
calf pens and this interaction was significant during the entire study period (Figure 3.6).
ADG was similar (slightly above or below 0.50 kg/d) by principal farmer gender when
there were less than five calf pens, however ADG increased to over 0.8 kg/d with more
than 6 calf pens, when the principal farmer gender was female.
3.4.3. Models evaluation
In both cases, the model assumptions of normality and homoscedasticity were met.
Scatter plots of fitted values and standardized residuals did not depict distinct patterns in
the distribution of residuals, with only 3 (model I) and 5 (model II) observations that were
outside 2 standard deviations, and these observations were not outliers. The standardized
residuals had a good fit on the Q-Q plot. A model fit without these observations had no
difference from a model with all observations. Therefore, all observations were retained
in the final model. The predicted residual error sum of squares (PRESS) statistic was 0.04
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for both (Model I) and (model II) which is less than 0.1, suggesting that our final models
were good for prediction.

3.5. Discussion
This is the first controlled field study focussed on calf housing improvement within
the zero-grazing system with smallholder farms. While controlling for other factors
associated with ADG in the final post-weaning model, housing improvement was
associated with increased ADG by 0.054 kg/d among the calves in the intervention group,
which would translate into a 5.4 kg improvement over 100 days or 19.7 kg if applicable
over the first year of life. This increased weight is substantial, representing a 10%
improvement, assuming calves reach 197 kg by a year of age (average weight in our study
calves on their sixth visit was 188 kg). The reasons for these improvements could be
because a better roof provides a drier area to lie down, and better flooring provides a softer
drier area to lie down. Both of these improvements make the lying area more comfortable,
leading to a longer lying down time, as found in chapter 4, and therefore higher ADG.
We observed an overall ADG of 0.429 kg/d with a median of 0.365 kg/d during
the entire study period. These ADGs are higher than 0.135 kg/d (Thumbi et al., 2013),
0.338 kg/d (Lanyasunya et al., 2006) and 0.260 kg/d (Gitau et al., 2001) that were reported
from Western, Nakuru and Central Kenya, respectively. It is however slightly lower
compared to 0.50 kg/d (Kathambi et al., 2018) and 0.443 kg/d (Makau et al., 2018)
reported from studies conducted in the Meru region of Kenya. Generally, the observed
ADG was within 0.4-0.5 kg/d which is the recommended target for smallholder dairy
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farms in Kenya (Lukuyu et al., 2012) but lower than 0.5-0.75 kg/d, the target for developed
countries (Radostits, 2001).
Our study observed an upward variation of ADG over time with 0.324 kg/d at preweaning and 0.510 kg/d post-weaning. This is contrary to observations by Makau et al.
(2018) who reported a general decrease in predicted ADG from about 0.750 g/d at 2 weeks
of age to 0.500 g/d and 0.350 g/d for heifers up to 10 and 30 months of age, respectively.
Our results may be a typical case of compensatory growth in which the animals growth is
accelerated after a period of restricted development, mainly due to disease (coccidia
infections) and limited feeding during the pre-weaning period (Hornick et al, 2000).
Our study showed that there was an interaction between the highest education level
and the gender of the principal farmer (Table 3.9). The pre-weaning ADG was
significantly lower for female than male principal farmers but only when the principal
farmer only had primary education. These results are consistent with the findings of
Makau et al. (2018) who reported that ADG was lower by 20.7% when the principal
farmer was female, compared to male principal farmers or when the male and female were
both listed as the principal farmer. Generally, in the Kenyan setup, males are considered
the head of the household and can be closely involved in farm activities, if available.
However, in many situations where females are the principal farm managers, it means that
the male counterpart is either missing (deceased, separated or divorced) or occupied off
the farm (by employment or other activities). Women with only primary education are
more likely to have more children (Ouma, 2006), requiring more time to manage the
household, leaving less time to oversee animal husbandry. Additionally, females with
lower education and more children likely have lower economic ability or resource base.
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These consequences likely have an impact on feeding (quality and quantity), calf comfort
(housing management) and ultimately growth. Overall, ADG improved with increasing
education levels, indicating that educated farmers were likely adopting better management
approaches such as better nutrition, improved housing, and disease control.
We also observed an interaction between gender of the principal farmer and total
number of calf pens in the post-weaning model (Table 3.10), where ADG increased with
an increasing number of calf pens for women while remaining the same for men. We
speculate that when women were the principal farmer and farming was their primary
source of income, they ensured that the calves were in individual pens for better control
over nutrition, hygiene, and bullying, even though it meant more work to keep them clean
and well fed because they were in multiple pens rather than all in one pen. Conversely,
we observed that men would typically leave multiple animals in one pen because it was
quicker to feed the animals and clean only one pen, or not put in the extra effort for good
nutrition and hygiene if multiple pens were used. Group housing of calves, especially
during the first one month of life in suboptimal hygienic conditions, has been shown to
have a significantly increased risk of diarrhoeal disease, likely due to increased
transmission of enteric pathogens (Curtis et al., 2016). Furthermore, on smallholder dairy
farms in developing countries, there is usually a large difference in size between calves
on a farm due to the small number of cows on a farm (< 10 cows per farm in our study).
Bullying of young calves in group housed pens on such farms is inevitable, leading to
lower ADG, therefore individually housed calves is preferred for better control over
nutrition, bullying, and hygiene. Therefore, recent research promoting the benefits of
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group housing of calves on large farms with cohorts of calves that are approximately the
same size (Kahn et al., 2016) are unlikely to apply to smallholder dairy farms in Kenya.
The influence of dam parity number on ADG depended on the frequency of milk
feeding in our study (Table 3.9). When the parity number was higher (≥3), the ADG was
higher if the frequency of milk feeding was three times or more. All farmers in this study
practiced artificial insemination, but many were using local genetics on younger cows
(mainly first and second lactation), which is cheaper at $5-10 per breeding. Conversely,
imported genetics were more often used on older cows once the cow fertility is proven to
warrant more expensive semen at 40-150$. As a result, the latter calves are likely of high
potential, selected for superior performance, including growth rate, which heavily depends
on milk quantity offered pre-weaning. It might also be that the higher parity cows were
better producers than lower parity cows, and therefore more milk was available to feed
the calf and for sale. Moreover, in their study Hoseyni et al., (2016) reported that
multiparous cows had higher milk production, which was positively correlated with preweaning ADG.
Our study revealed that delayed age at first acaricide application was associated
with increased ADG (Table 3.9). Ectoparasites, especially ticks, have been reported to
have a significant economic impact on the dairy industry as they cause deleterious effects
in cattle bodyweight through blood loss and the transmission of disease-causing agents
(Parizi et al., 2012). In exclusively zero-grazing production systems in Kenya, ticks were
observed in less than 5% of the calves, compared with over 80% of calves in extensive
productive systems utilizing grazing (Okuthe and Buyu, 2006; Gachohi et al., 2012;
Omondi et al., 2017). All of our study farmers indicated that they used acaricide spray
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(mainly synthetic pyrethroids, organophosphate or Amitraz) but at a reduced frequency of
about once every two months unlike weekly in high risk areas. We speculate that delayed
acaricide use meant that finances which would have been used for acaricide purchases
were utilized elsewhere, including buying of feed and thus improved growth.
We observed that farms that had high mortality risk over the last 5 years had lower
ADG (Table 3.9 and 3.10). Previous studies in Kenya showed that tick-borne disease
played a minimal role in overall calf mortalities (Gitau et al., 2001); instead diarrhea was
recorded as the most common cause of both morbidity and mortality, at 27% and 22% per
year, respectively (Gitau et al., 1994). The diarrhea was associated with calf care and
management factors. In a study on calves in smallholder farms, Chang’a et al. (2010)
noticed that about half of the cow-sheds had poor hygiene, with a poor drainage system
and flat floors with potholes. In that study, farmers frequently disposed of the dung and
waste materials in the vicinity of the animal housing, which often resulted in unhygienic
calf-rearing conditions. These conditions can create situations which impair calf health by
overwhelming immunity that, in conjunction with poor nutrition, leads to stunted growth.
The current study revealed that ADG was reduced when calves were delayed to
freely access and drink water for the first time (Table 3.9). Water provision has been
associated with early rumen and microbiome development, feed intake, weight gain and
immune response (Senevirathne et al., 2018). Wickramasinghe et al. (2018) observed that
the provision of drinking water immediately after birth could improve the growth and
development of calves pre- and post-weaning, potentially by stimulating rumen
development, thus increasing nutrient availability. Therefore, early water provision is of
great benefit to calves and should be encouraged. Unfortunately, it is a common
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perception among farmers that ad lib water access to calves will lead to calves drinking a
lot of water all at once, leading to hemolysis and hemoglobinuria. Young bucket-fed
calves can drink excessive quantities of water if offered to them in the way they usually
receive their milk because the limit of their consumption in that circumstance is governed
not by satiety, but by the physical limit of the capacity of the gut (Njoroge et al., 1999).
However, calves do not overdrink water when it is available ad lib from birth.
The age at first introduction of commercial concentrate supplements (e.g. calf
starter with at least 18% protein) to calves had a significant impact on weight gain (Table
3.10). Calves that received at least a handful of concentrate early in life performed better
than those in which administration was delayed. Previous reports have shown that
incorporating starter diets for young calves at an early age is the best approach for
improving both rumen papillae development and subsequent performance to attain a
favourable growth rate (Bach et al., 2007; Reddy et al., 2017).
Our study showed that calves provided calf meal/pellets, maize bran, and wheat
bran had greatly improved ADG (Table 3.10). Calf meal/pellets are commercial
supplements that are high in crude protein (18-22%) but may be too expensive for some
smallholder farmers. Both wheat and maize bran are milling by-products and can vary in
quality depending on the proportions of the outer skins, germ (fat-rich) and endosperm
that are in the products (Mlay et al., 2005). Chemical analyses of similar cattle feed in
Pakistan have shown that maize bran has 89% dry matter, 14.0% crude protein and 12.0%
crude fibre, while wheat bran has 89% dry matter, 13.1% crude protein and 11.3% crude
fibre (Tahir et al., 2002). These chemical analyses confirm that wheat bran and maize bran
can be important alternative sources of supplemental protein for ruminants, although they
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are lower in crude protein than calf meal or pellets. While no other studies could be found
demonstrating effects of bran feeding on ADG in calves, a feeding trial has shown that
adding wheat bran to a forage diet increased dry matter intake and milk yield and improved
the energy balance (Erlt et al., 2017).Therefore, bran feeding should be encouraged if
farmers are not feeding any grain to preweaned calves because they cannot afford calf
pellets. Wheat bran and maize bran are inexpensive and readily available in the Kenyan
market. There is, however, a need to investigate further the optimal amount of bran to
feed, and what are the benefits accrued when bran is mixed with other available byproducts such as maize germ, cotton seed cake and sunflower seeds.
Our study showed that calves whose dams produced high milk yield at the time of
recruitment had higher predicted ADG (Table 3.10). This result is consistent with the
findings of Addisu et al. (2010) who reported a significant positive association between
ADG and milk yield traits. It is likely that farmers were consistently providing more milk
to calves whose dams had ample milk for calf consumption, household consumption, and
sales to acquire much needed income.
Our study found that improved ADG post-weaning was associated with calves
with dam-calf connections - rearing a calf in a pen adjacent to her dam with physical or
visual contact with her dam (Table 3.10). The dam-calf connection system best mimics
the natural situation and allows free behavioural expression and thus improved welfare
(Johnsen et al., 2016). Although there are controversies surrounding dam-calf physical
contact at younger ages due to the potential spread of infectious disease and parasites
(Creutzinger and Proudfoot, 2020), our study showed increased ADG post-weaning if a
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dam-calf connection was present compared to calves completely secluded from the dam
with no physical or visual contact, especially if coccidia shedding was occurring.
Decreased predicted ADG was observed in calves that were positive for fecal
coccidia oocysts (Table 3.10). Coccidia are known to destroy the lining of the intestine,
causing inefficiency of nutrient absorption and decreased appetite, which is detrimental to
the growth (Coffin, 2018). Farmers should be encouraged to consider coccidia control
programs, including starter feed with coccidiostats (which are currently uncommon in
Kenya) and improved calf hygiene and daily sanitation to remove feces, thereby
decreasing the environmental load of oocysts in the local environment.
A limitation to our study was that county location and intervention grouping were
collinear, leading to a possible confounding effect of the county. Although there was a
baseline mean difference between groups in a few of the variables (Table 2a and 2b), we
believe that the groups were comparable for the study objectives since most of the
important variables in the final models were not statistically significantly different
between the groups at enrolment. Furthermore, the variables that were found to be
statistically significantly different between the two groups at enrolment were controlled
for in the models: 1) ADG controlled for body weight at enrolment; 2) number of calf
pens in the model controlled for herd size and/or farm size/income; and 3) farmer
education in the model controlled for farmer education level at enrolment. Randomization
at the farm level would have been ideal for minimizing the possible effects of selection
bias, information bias and confounding. However, randomization within the county was
impractical in the current study since the interventions involved easily fixable housing
improvement, which could be implemented by the control farmers if they visited
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intervention farms, which would have contaminated the control group farms, as we
observed in other cow comfort intervention trials in Kenya (Kathambi et al., 2019;
Richards, 2017). We chose the small amount of residual confounding from county level
randomization after confounding controls in the models over the large amount of
contamination from farm level randomization observed first-hand in our previous Kenyan
smallholder dairy farm trials.

3.6. Conclusion and recommendation
The growth of calves from birth to one year was generally within the
recommended smallholder targets for zero-grazing farms in Kiambu and Murang’a
counties, but below the internationally expected performance targets. The positive effect
of calf housing improvements on post-weaning ADG was significant, suggesting that
housing factors have long-term impacts on the growth of calves. ADG was also found to
have associations with management factors such as frequency of milk feeding, age at first
acaricide application, age at first access to water, concentrate supplementation of various
types, and presence of a dam-calf connection. Additionally, farmer traits such as education
level, gender and age were associated with the growth performance. One animal-level
factor was associated with ADG, coccidia oocyst shedding. We recommend that farmers
should implement housing improvements, coccidia control, and early water and
concentrate provision, and construct more calf pens with at least visual contact between
calves and dams. Farmers and animal health professionals should be trained with an
emphasis on the identified factors to ensure better calf health and growth. Further study
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should quantify the long-term effects of improved housing on reproduction indices and
lactational performance, such as age at first calving and milk yield during the first
lactation.
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Figure 3.1: Map of Kenya showing farms that were visited in Kiambu and Murang’a in a
randomized controlled trial on the Kenyan smallholder dairy calves.
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Figure 3.2: Growth patterns of 187 calves on 150 Kenyan smallholder farms. The blue dots
are the individual weights recorded while the grey lines connect the repeated
measurements for each calf.
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Figure 3.3: Interaction plot of the predicted pre-weaning ln average daily gain and 95% CI
for gender and education level of the principal farmer, based on the final model of 165
calves in 132 Kenyan smallholder farms.
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Figure 3.4: Interaction plot of the predicted pre-weaning ln average daily gain and 95% CI
for dam parity number and frequency of milk feeding, based on the final model of 165
calves in 132 Kenyan smallholder farms.
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Figure 3.5: Interaction plot of the predicted post-weaning average daily gain with 95% CI
for the presence of fecal coccidia and dam-calf connection, based on the final model of 100
calves in 91 Kenyan smallholder farms.
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Figure 3.6: Interaction plot of the predicted post-weaning average daily gain and 95% CI
for the gender of the principal farmer and a total number of calf pens, based on the final
model of 100 calves in 91 Kenyan smallholder farms.
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Table 3.1: Total number of farms and calves (with median weight) at each visit of the study
in the Kenyan smallholder dairy farm
Visit
#
1
2
3
4
5
6

Number of
farms
150
145
132
126
112
91

Number of
calves
187
179
165
151
130
100

Median calf weight
(kg)
48
71
95
122
150
180
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Interquartile
range
44-53
57-83
79-110
104-146
116-178
145-233

Table 3.2: Summary of animal and farm characteristics (continuous variables) pre-intervention for 187 calves on 150 Kenyan smallholder
dairy farms.
Murang’a County
Kiambu County
Continuous Variables
Number
Mean
SD
Number
Mean
SD
P-value
Farmer variables
# of adults per household
75
2.60
1.39
75
2.87
1.15
0.204
Age of principal farmer (years)
75
53.09
12.71
75
49.96
12.53
0.131
Duration involved in dairy farming (years)
75
19.48
13.75
75
15.55
10.65
0.052
Overall proportion of income from dairy
75
47.43
20.79
75
51.37
27.29
0.322
farming (%)
Land size owned by the farmer (acres)
75
2.14
3.19
75
0.73
0.74
<0.001
Land size leased for dairy farming (acres)
75
0.27
0.65
75
0.55
0.67
0.011
Gross income from milk sale (USD) per
75
213.85
331.65
75
403.35
403.35
0.003
month
Farm variables
Floor area of the calf pen (m2)
75
3.85
6.00
75
4.27
4.58
0.633
Average weaning age (weeks)
75
13.48
4.90
75
13.17
3.07
0.647
Herd size
75
4.52
3.47
75
6.93
5.32
0.001
Animal variables
Age at enrolment
89
26.55
15.74
98
24.82
19.55
0.508
Body weight at enrolment
89
50.97
7.86
98
47.87
8.27
0.010
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Table 3.3: Summary of animal and farm characteristics (categorical variables) pre-intervention for 187 calves on 150 Kenyan smallholder
dairy farms.
Categorical Variables
Category
Murang’a County
Kiambu County
P-value
% (n/N)
% (n/N)
Farmer variable
Gender of the principal farmer
Male
49.3 (37/75)
50.7 (38/75)
0.870
Female
50.7 (38/75)
49.3 (37/75)
Marital status of the principal farmer
Married
85.3 (64/75)
88.0 (66/75)
0.571
Single
8.0 (6/75)
4.0 (3/75)
Widowed
6.67 (5/75)
8.0 (6/75)
Attended any dairy farmers training previously
No
41.3 (31/75)
42.7 (32/75)
0.869
Yes
58.7 (44/75)
57. 3 (43/75)
Education level of principal farmer
Primary
53.3 (43/75)
37.3 (28/75)
0.020
Secondary
33.3 (25/75)
40.0 (30/75)
College/ University
9.3 (7/75)
22.7 (17/75)
Animal variables
Calf breed
Friesian
94.4 (84/89)
86.7 (85/98)
0.110
Ayrshire & Jersey
5.6 (5/89)
12.4 (12/98)
Dam parity number
1
30.3 (27/89)
23.5 (23/98)
0.544
2
28.1 (25/89)
27.6 (27/98)
≥3
41.6 (37/89)
49.0 (48/98)

109

Table 3.4: Proportions of 75 and 61 intervention farmers with pre-weaned and postweaned calves, respectively, that received each of the housing improvements on their
Kenyan smallholder farms
a

Proportion of 75 farms

b

Proportion of 61 farms

with pre-weaned calves that

with post-weaned calves

received pre-weaning

that received post- weaning

housing improvements

housing improvements

Floor holes or slats fixed

58.7

27.9

Added a rubber mat

100

100

Floor gradient fixed

100

55.7

Roof fixed

33.3

24.6

At least one change made

100

100

At least two changes made

100

57.4

At least three changes made

64

34.4

All four changes made

28

14.8

Type of intervention

Number of interventions

a

reference is made to farms that received housing improvements and were under study at first to third visits

b

reference is made to farms that received housing improvements and were under study at fourth to sixth visits
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Table 3.5: Descriptive statistics and p-values (<0.25) for Model I (pre-weaning visits)
univariable linear regressions for categorical variables associated with ln average daily
gain (ADG) for 165 calves on 132 Kenyan smallholder farms.
Variable

Category

% (n/N)

Median
ADG

Calf housing improvement

No
Yes
Primary
Secondary
College/
University
Male
Female
Married

51.5 (68/132)
48.5 (64/132)
49.9 (62/132)
36.4 (48/132)
16.7 (22/132)

0.32
0.29
0.27
0.31
0.38

49.2 (65/132)
50.8 (67/132)
87.1
(115/132)
12.9 (17/132)
55.2 (91/165)
44.8 (74/165)
91.5
(151/165)
8.5 (14/165)
93.7
(463/494)
6.3 (31/494)
73.5 (97/132)
26.5 (35/132)
94.7
(125/132)
5.3 (7/132)
84.2
(139/165)
15.8 (26/165)

0.33
0.29
0.30

57.1
(282/494)
42.9
(212/494)
70.0
(346/494)
30.0
(148/494)
66.8
(330/494)
33.2
(164/494)
68.4
(338/494)
31.6
(156/494)
78.5
(388/494)
21.5
(106/494)

0.30

Highest level of education of the principal
farmer

Gender of the principal farmer
Marital status of the principal farmer

Breed of the calf

Single/ Widowed
≤2
≥3
Friesian

Shedding of strongyle-type eggs

Ayrshire / Jersey
No

Dam parity number

Experience flea infestation
Feed calves milk replacer

Yes
No
Yes
No

Frequency of milk feeding at pre-weaning

Yes
Once or twice

Calf weaned at the time of farm visit

Thrice or four
times
No
Yes

Feed maize bran

No
Yes

Feed maize germ

No
Yes

Fed hay

No
Yes

Fed dry maize stalk

No
Yes

*overall p-value
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0.34
0.33
0.29
0.31

P-Value

0.317

<0.001*

<0.001

0.112
<0.001

0.25
0.31

<0.001

0.30
0.31
0.21
0.31

0.194

0.21
0.30

<0.001

0.37

0.001

0.31

0.031

<0.001

0.30
0.31

0.061

0.30
0.31

0.190

0.30
0.33

<0.001

0.32
0.28

<0.001

Table 3.6: Descriptive statistics and p-values (<0.25) for Model II (post-weaning visits)
univariable linear regressions for categorical variables associated with average daily gain
for 100 calves on 91 Kenyan smallholder farms.
Variable
Calf housing improvement
Highest level of education of the
principal farmer

Gender of the principal farmer
Breed of the calf
Shedding of coccidia oocysts
Shedding of strongyle-type eggs
Experience flea infestation
Feed calves milk replacer
Calf weaned at the time of farm visit
Calf fed maize bran
Calf fed calf pellets
Calf fed wheat bran
Calf fed maize germ
Calf fed hay
Calf fed dry maize stalk
Calf fed dry dairy meal
Presence of dam-calf connection

Category

% (n/N)

No
Yes
Primary
Secondary
College/
University
Male
Female
Friesian
Ayrshire / Jersey
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes

*overall p-value
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P-Value

51.7 (47/91)
48.3 (44/91)
49.5 (45/91)
35.1 (32/91)
15.4 (14/91)

Mean ADG
±SD
0.49±0.20
0.53±0.24
0.46±0.21
0.52±0.23
0.62±0.20

49.5 (45/91)
50.5 (46/91)
91.0 (91/100)
9.0 (9/100)
45.8 (183/400)
54.2 (217/400)
85.3 (341/400)
14.7 (59/400)
70.3 (64/91)
29.7 (27/91)
93.4 (85/91)
6.6 (6/91)
1.3 (5/400)
98.7 (395/400)
69.0 (276/400)
31.0 (124/400)
97.3 (389/400)
2.7 (11/400)
85.0 (340/400)
15.0 (60/400)
59.3 (237/400)
40.7 (163/400)
56.5 (226/400)
43.5 (174/400)
74.8 (299/400)
25.2 (101/400)
67.0 (268/400)
33.0 (132/400)
25.3 (101/400)
74.8 (299/400)

0.57±0.22
0.45±0.20
0.53±0.21
0.32±0.18
0.54±0.23
0.48±0.21
0.53±0.22
0.41±0.19
0.50±0.21
0.54±0.24
0.52±0.22
0.37±0.20
0.37±0.13
0.51±0.22
0.49±0.22
0.56±0.21
0.51±0.22
0.67±0.23
0.50±0.22
0.57±0.23
0.52±0.23
0.49±0.21
0.45±0.19
0.58±0.23
0.53±0.22
0.46±0.20
0.52±0.22
0.48±0.22
0.52±0.21
0.51±0.22

Baseline
<0.001
Baseline
<0.001
Baseline
0.005
Baseline
<0.001
Baseline
0.095
Baseline
<0.001
Baseline
0.164
Baseline
0.003
Baseline
0.017
Baseline
0.023
Baseline
0.213
Baseline
<0.001
Baseline
0.004
Baseline
0.080
Baseline
0.233

Baseline
0.076
Baseline
<0.001*

Table 3.7: Descriptive statistics and p-values (<0.25) for Model I (pre-weaning visits)
univariable linear regressions for continuous variables associated with ln average daily
gain for 165 calves on 132 Kenyan smallholder farms.
Variable
N
Mean
SD Median
PValue
Herd size
132
5.9
4.9
4.0
<0.001
Total number of adults in the household
132
2.8
1.3
2
0.070
Number of years involved in dairy farming
132
16.9
12.2
13
0.013
Age at first acaricide application (weeks)
132
16.4
12.9
12
0.250
Age at first deworming application (weeks)
132
17.5
12.7
12
0.013
Total number of calf pens
132
1.4
1.5
1
<0.001
132
0.2
0.2
0.1
<0.001
Mortality risk over the last 5 years
Age at first free access to water (weeks)
132
13.7
13.4
12
<0.001
Frequency of milk feeding per day
132
2.2
0.4
2
0.018
Dam average daily milk yield in the first 6 weeks (L) 165
15.7
6.9
15
<0.001
Age at first introduction of hay (weeks)
132
5.2
5.2
3.5
0.003
Age of the animal during the farm visit (days)
494
95.2
65.9
86.0
0.134
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Table 3.8: Descriptive statistics and p-values (<0.25) for Model II (post-weaning visits)
univariable linear regressions for continuous variables associated with average daily gain
for 100 calves on 91 Kenyan smallholder farms.
Variable
N
Mean SD Median
PValue
Herd size
91
6.3
5.1
4
<0.001
Age of principal farmer
91
51.3 12.7
52
<0.001
Total number of adults in the household
91
3.0
1.4
3
0.007
Number of years involved in dairy farming
91
17.7 12.5
13
<0.001
Age at first acaricide application (weeks)
91
19.9 11.3
18.3
0.121
Age at first deworming application (weeks)
91
16.9 10.7
12
<0.001
Total number of calf pens
91
1.5
1.7
1
<0.001
91
18.4 20.6
12
<0.001
Mortality risk over the last 5 years
Age at first free access to water (weeks)
91
13.7 14.1
12
<0.001
Frequency of milk feeding per day
91
2.1
0.4
2
0.249
Dam average daily milk yield in the first 6 weeks (L) 100 16.0
7.0
15.5
<0.001
Age at first introduction of concentrate (weeks)
91
6.3
6.3
4
0.004
Age at first introduction of hay (weeks)
91
4.8
4.6
3
0.011

114

Table 3.9: Final linear regression model for pre-weaning ln average daily gain (model I) for 165 calves on 132 Kenyan smallholder farms.
Variable
Coefficient
95% CI
P-Value
Highest level of education of the principal farmer
Primary
Baseline
0.759*
Secondary
-0.0156
-0.1261, 0.0949
0.782
College/ University
0.0372
-0.1006, 0.1750
0.596
Gender of the principal farmer
Male
Baseline
Female
-0.2749
-0.3898, -0.1601
<0.001
Highest level of education of the principal farmer
<0.001*
* Gender of the principal farmer
Secondary * Female
0.2559
0.0822, 0.4296
0.004
College/ University * Female
0.3565
0.1493, 0.5637
0.001
Dam parity number
≤2
Baseline
≥3
-0.2480
-0.1500, -0.1280
<0.001
Frequency of milk feeding per day
≤2
Baseline
≥3
0.0110
-0.0828, 0.2014
0.876
Parity of the dam * Frequency of milk feeding per day
≥3rd parity * Frequency of milk feeding ≥3
0.4053
0.1882, 0.6224
<0.001
Age at first acaricide application (weeks)
0.0064
0.0032, 0.0096
<0.001
Total number of calf pens
0.0521
0.0322, 0.0720
<0.001
Mortality risk over the last 5 years
-0.0046
-0.0065, -0.0027
<0.001
Age at first free access to water (weeks)
-0.0070
-0.0105, -0.0036
<0.001
Constant
-1.1427
*overall P-value
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Table 3.10: Final linear regression model for post-weaning average daily gain (model II) for 100 calves on 91 Kenyan smallholder farms.
Variable
Coefficient
95%CI
P-Value
Calf housing improvement
No
Baseline
Yes
0.0541
0.0167, 0.0915
0.005
Age of principal farmer
-0.0044
-0.0058, -0.0030
<0.001
Gender of the principal farmer
Male
Baseline
Female
-0.1704
-0.2296, -0.1113
<0.001
Total number of calf pens
0.0085
0.0001, 0.0218
0.048
Female principal farmer * Total number of calf pens
0.0666
0.0325, 0.1006
<0.001
Fed maize bran
No
Baseline
Yes
0.0863
0.0510, 0.1216
<0.001
Fed wheat bran
No
Baseline
Yes
0.0788
0.0330, 0.1245
0.001
Fed calf pellets
No
Baseline
Yes
0.2039
0.1074, 0.3005
<0.001
Fed hay
No
Baseline
Yes
0.0769
0.0420, 0.1118
0.001
Age at first introduction of concentrate (weeks)
-0.0046
-0.0073, -0.0020
0.001
Dam average daily milk yield in the first six weeks (L)
0.0084
0.0053, 0.0114
<0.001
Mortality risk over the last 5 years (%)
-0.0024
-0.0033, -0.0016
<0.001
Presence of fecal coccidia oocyst
No
Baseline
Yes
-0.0890
-0.1517, -0.0262
0.006
Presence of dam-calf connection
No
Baseline
Yes
-0.0031
-0.0595, 0.0533
0.914
Dam-calf connection * Presence of fecal coccidia oocyst
0.0834
0.0112, 0.1555
0.024
Constant
0.6168
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CHAPTER 4: EVALUATION OF ENVIRONMENTAL AND COMFORT
IMPROVEMENTS ON LYING BEHAVIOUR IN HEIFER CALVES ON
SMALLHOLDER DAIRY FARMS
4.1. Abstract
A randomized controlled trial on zero-grazed smallholder dairy farms was
conducted to determine the effect of environmental and comfort improvements on sucking
and lying behaviours in heifer calves on Kenyan smallholder dairy farms.
The study involved 187 heifer calves from 150 farms in two Kenyan counties, 75
farms per county. Farms in one county received animal welfare training and improvements
in the calf pen that included: 1) placement of rubber mats on the lying area; 2) fixing
gaps/holes in the flooring and roofing; and 3) attaching a rubber nipple on the wall of the
calf pen; 4) ensuring a floor gradient for drainage; and 5) providing youngstock care
training. During the 16-month data collection period, bimonthly farm visits were used to
collect data on lying time (using accelerometers) and other animal- and farm-level factors.
Multilevel mixed-effects linear regression was used to model daily lying times and
frequency of lying bouts, with the animal as a random effect.
Over the visits, daily lying times and lying bout durations averaged 12.6-16.9 hr/d
and 67.9-86.7 min/bout, respectively, while the median for the frequency of lying bouts
was between 30-46/day. Provision of rubber nipples for non-nutritive sucking lowered
proportions of cross-sucking, self-sucking and object-sucking behaviours slightly but not
significantly. In a final daily lying time model, superficial lymph node enlargement, body
condition score and use of wood shaving/ sawdust/ crop waste as beddings had positive
associations. In contrast, group housing and rubber mat use had negative associations. In
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an interaction term, lying time was significantly higher for calves on clean versus dirty
floors if the age was <190 days but this difference diminished significantly in older
animals. In a second interaction term, lying time was lower for calves with leaking versus
non-leaking roofs, regardless of the pen floor level, but lying time was higher on elevated
than non-elevated floors if the roof was intact. In the final model of the frequency of lying
bouts, the use of a rubber mat, the years of experience in dairy farming, and calf body
weight had negative associations. In contrast, body condition score had a positive
association. In an interaction, the frequency of daily lying bouts was lower on clean floors
than dirty floors, irrespective of tethering status, but when the floor was dirty, the lying
bouts were higher for animals not tethered than the ones sometimes tethered. We conclude
that the comfort improvements improved the welfare and lying experience of heifer calves
on smallholder dairy farms.

Key words: smallholder; zero-grazed; sucking; lying; accelerometer

4.2. Introduction
The concern for better farm animal welfare has been increasing substantially over
many years (Mattiello et al., 2019). The five domains model is a recent advance, taking
into consideration internal survival-related factors (Nutrition, Environment, Health),
external situation-related factors (Behaviour) and affective experience (Mental State),
which show positive or negative affective engagement (Mellor, 2017). Affective states
generally mean how an animal feels and can be negative or positive (Webb et al., 2019).
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For high welfare standards, animals should experience favourable conditions that allow
them to live a life that is worth living (Mattiello et al., 2019).
Despite different needs of calves, heifers, and cows, resting remains a high priority
and an inelastic behavioural need for all cattle, while lying time has been used to assess
comfort (Mandel et al., 2016; Mattiello et al., 2019). Additionally, lying bouts has also
been used as an indicator of the ease of transition movement (Haley et al., 2010), while
lying posture can also be used to highlight the level of thermal comfort and vigilance
comfort (Napolitano et al., 2010). Increased lying time, the possibility to perform
appropriate lying postures, and the ease to get up and lie down are indications of positive
welfare states, including the mental state (Mandel et al., 2016; Mattiello et al., 2019). Total
lying time of healthy newborn calves have been shown to be 16-18 hours/day, and it
decreases with age as the calf spends more time eating (Camiloti et al., 2012; Neja, 2013;
Sutherland et al., 2017). Feeding preweaned calves from an open bucket (i.e., without a
nipple) is cheap and easy to maintain but does not provide calves with the ability to
perform suckling behavior. The absence of teat sucking during milk feeding can lead to
non-nutritive sucking manifested through sucking each other and parts of their pens,
despite apparently adequate nutrition (de Passillé and Rushen, 1997). The traditional
method for treating cross-suckling behavior is to install a pronged nose-ring or halter on
the nose of the suckling calf. An alternative treatment that deals with the cause itself and
gives calves the opportunity to perform suckling behavior is to place a rubber nipple for
calves to suck while in the pen (Mandel et al., 2016).
The environment in which an animal lives has a marked effect on overall affective
experience. Positive effects can be achieved from simple environmental and comfort
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improvements (Luo et al., 2019). Such improvements may include a spacious and
comfortable lying area with ample walk alley space that allows the animal to make choices
on where to express behavioural needs (Mattiello et al., 2019). For example, reduced lying
time and abnormal lying postures or transition movements are shown when housing
conditions are suboptimal (Lidfors, 1989).
Dairy cattle on smallholder farms in developing countries, including Kenya, are
increasingly being raised in zero-grazing free-stall units with stalls, mangers and roofs;
thus, the cattle rely on their owners to provide them with appropriate levels of affective
welfare (Mellor & Beausoleil, 2015). Stall design and management should always provide
both a suitably protected environment for cattle to stand, and a clean, dry lying surface
that promotes cattle comfort, appropriate behaviour, and physical and mental health
(Mellor & Beausoleil, 2015; Fraser et al., 1997). Research on smallholder dairy farms in
Kenya has revealed poor cow comfort (Aleri et al., 2011; Aleri et al., 2012; Richards
2017), and a recent study showed reduced knee impact and wetness tests on their stall
floors and lying down times more than 2 hours lower than what is considered ideal
(Richards, 2017). Also, a pilot cross-sectional study showed that calves had poor comfort
compared to those in developed countries (Kathambi et al., 2019). Despite the importance
of teat sucking, bucket feeding among pre-weaned calves in smallholder farms is
widespread (Lukuyu et al., 2012). There has not been any systematic assessment of calf
environmental or comfort improvements on overall calf affective experiences, particularly
in smallholder dairy farms. Hence, this study was designed to describe affective states and
determine the effect of environmental and comfort improvements on lying and sucking
behaviours and affective experience in heifer calves on Kenyan smallholder dairy farms
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4.3. Materials and Methods
4.3.1. Ethical approval and farmer consent
This study was approved by the Research Ethics Board and the Animal Care
Committee of the University of Prince Edward Island. The study was explained orally to
all participants, and signatures for informed consent were obtained from all the
participants in the study.

4.3.2. Study area
The study was conducted in two Kenyan counties- Kiambu and Murang’a which
are located in the high potential highlands of central Kenya. The two counties are adjacent
to each other and experience similar climatic conditions with an environmental
temperature of about 18-20 °C and an average rainfall of 962-1195 mm/yr. Murang’a
county has a land size of 2,558.8 km², a human population of 1,056,640 (KNBS, 2019),
an altitude of 914 to 3,353m, and is on coordinates -0.7957° S and 37.1322° E. Kiambu
county has a land size of 2,543.5 km², a human population of 2,417,735 (KNBS, 2019),
an altitude of 1200 to 2550m, and is on coordinates -1.1462° S and 36.9665° E. Both
counties have recently experienced immense growth in dairy farming owing to the
presence of local milk processing facilities and access to large urban markets.
4.3.3. Study design, sampling method
This study was a randomized controlled trial, in which calf environmental and
comfort improvement was implemented on 75 intervention farms in Kiambu County, with
75 control farms in Murang'a County. Randomization was achieved at the county level
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(via a coin toss) to minimize contamination of control group farms, which has been
documented during previous trials on Kenyan smallholder dairy farms (Kathambi et al.,
2019; Richards, 2017).
The enrolment of farms to the study was enhanced through a sensitization meeting
with the farmers through their dairy cooperative society. Inclusion criteria for farms were:
1) being in the target county; 2) having at least one newborn heifer calf aged less than six
weeks; 3) practicing zero-grazing; and 4) having less than ten milking cows. The 150
smallholder dairy farms were enrolled in the study over a period of eight months.
4.3.4. Data collection
On the initial visit, the principal farmers consenting to participate in the study were
asked to respond to a questionnaire covering issues related to the calf characteristics,
housing, management practices, farmer training and demographics. Important housing
features and management factors that were measured or observed included: pen length
and width, floor type (raised or not; wood, concrete or dirt), bedding type (none, dirt,
shavings, sawdust, or crop waste), occasional tethering outside of the pen on grass for at
least an hour, at least once a week (yes/no), floor cleanliness (clean or dirty, based on the
knee wetness test (McFarland, 1991)), and roof status (covers the lying area, without
leaking holes). The calves were also assessed by observation and physical examination
for the following factors: lameness on a 1-5 scale (Sprecher et al., 1997), heart rate,
respiratory rate, rectal temperature, superficial lymph node enlargement (mainly parotid,
submandibular, pre-scapular and pre-femoral), carpal and hock lesions on a 1-3 scale
(Gibbons et al., 2012), body condition score on a 1-5 scale (Lowman et al., 1973), weight
via heart girth measurement, and height using an altimeter.
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The affective experience domains were also assessed by one person (the
researcher), with the processes described in Table 4.1. The processes were developed by
the research team but guided by the principles of five domain model (Mellor, 2017). The
assessment involved physical examination (musculoskeletal, skin, gastrointestinal) and/or
visual observation (respiratory, visual, auditory, exhaustion, thermal, thirst, hunger and
sucking) of the animal and its environment. Each animal was evaluated for the
environment and health domains for at least 15 minutes while on the farm. For the
nutrition and behaviour domains, the 15 minutes of observations (minimum) were
combined with farmer observations during the last week. If the behaviour was not
observed by the researcher, but the farmers reported having seen the behaviour during the
last week, the farmers’ observations would supersede the researcher observations. To
ensure sucking behaviour was accurately captured, the 15 min of calf observation (during
the morning hours) was combined with what the farmer observed immediately after milk
feeding. The behaviours were recorded in a protocol with one–zero sampling (Lehner,
1992).
At every round of farm visits, done every 2 months, electronic data loggers (Hobo
Pendant G Acceleration Data Logger, Onset Computer Corp.) were attached to the right
lateral metatarsal area of each calf using cloth strap and 6 Inch Zinc Oxide adhesive tape
(Crownplast®, Medex EA Ltd) to record lying behaviour. These loggers have been
validated for use in calves (Bonk et al., 2013; Swartz et al. 2016). To provide cushioning,
the loggers were wrapped in a 25- by 10- cm piece of gauze. Data loggers recorded the
position of the calf at 1-min intervals for three consecutive 24-h periods, after which they
were removed upon a subsequent farm revisit. On first round revisit, environmental and
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comfort improvements on intervention farms were administered, which included: 1)
placement of rubber mats that covered at least half of the lying area in the pen; 2) ensuring
that the remainder of the flooring and roofing was in good repair (holes filled, and floor
slats were repaired); and 3) attaching a rubber nipple on the side of the calf pen close to
bucket feeding area. Farmers on intervention farms were also provided with information
on proper housing management for the study calves and why these housing enhancements
were important for animal welfare. The control farms received the same housing
improvement at the end of study period. To minimize possible conversing and
contamination of the control group data, the control group was not informed of any
intervention farms; rather, these farmers were told that they were part of a calf monitoring
project. Veterinary services were offered at no cost, to the calves and other animals in
need on both the intervention and control farms if they were unhealthy. The control farms
did receive a similar environmental and comfort improvement intervention at the end of
the data collection period. Because the intervention was conducted by the research team,
the data analyses (below) were conducted with all available calves and farms based on an
intention-to-treat principle.
Each study animal was monitored bi-monthly for up to 6 rounds of farm visits
between July 2018 and October 2019, where applicable. At each round, data on farm
management practices, and calf health and behaviour since the last visit were collected in
the same way as the first round of visits, including lying time. Therefore, for every round
of visits, each farm was visited twice, first to attach the logger and then to detach the
logger and download the data. Additionally, calves were physically examined to identify
any signs of clinical disease, and body condition score assessment (5-point scale), and
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measurement of height and weight were done using a heart girth weight tape and height
meter. The logger attachment site was also examined for possible skin reactions and
discomfort.
4.3.5. Data management and analysis
Accelerometer data were read via HOBOware® Pro version 3.7.19 (Onset
Computer Corporation, Bourne, MA, USA), and then transferred to Stata® 15 (StataCorp
LLC, College Station, Texas, USA). HOBO data were trimmed to remove the first and
last hour of monitoring (during placement and removal), and all one minute long bouts
were removed from bout data, as recommended, as they likely represented a
stumble/slip/kicking rather than an intentional lying down period (Richards, 2017). All
other related data were entered into MS Excel 2010 (Microsoft Inc., Sacramento,
California, USA), checked for accuracy and completeness, coded, and then merged with
accelerometer data for statistical analyses.
Descriptive statistics, such as means, standard deviations and median, were
determined for continuous variables, while proportions were calculated for categorical
variables. Two-sample test of proportion (Z-test) was used to test the difference of sucking
behaviour in the first two rounds of visits since the rubber nipple usually did not last
beyond the second round of visits due to wear-and-tear.
Multiple correspondence analysis (MCA) was used to explore patterns between
categorical variables of different affective experience domains. Specifically, MCA is used
to represent datasets as “clouds” of points in a multidimensional Euclidean space; it
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describes the patterns geometrically by locating each category of analysis as a point in a
low-dimensional space (Nurdan and Murat, 2013).
Two-way factorial ANOVA was used to compare daily lying time, frequency of
bouts and average duration of bouts in the control and intervention groups at different
visits. The factors of daily lying time and frequency of lying bouts were also analyzed
using multilevel mixed-effects linear regression models to account for the hierarchical
structure of the data - repeated measures nested within an individual animal. Just like
Kovács et al. (2018), we didn’t model the duration of lying bouts because we believed that
factors that explained variability of frequency of lying bouts probably explained the
duration of lying bouts, as they were highly collinear (correlation coefficient=0.92).
Initially, we assessed the normality of daily lying times and frequency of lying bouts using
histograms, Q-Q plots and Shapiro-Wilk tests. Box-Cox analysis was used to determine a
suitable transformation factor for the frequency of lying bouts. These assessments found
that frequency of lying bouts was right-skewed, and a natural logarithm (ln) achieved
normality.
For both daily lying time and ln of frequency of lying bouts, univariable multilevel
mixed-effects linear regression models (with animal as a random effect) for all the
predictor variables were fitted into separate models initially, with those having P≤0.30
being offered to the subsequent multivariable analysis. Multicollinearity was then
evaluated among the univariable association variables. If two predictors were highly
correlated (|r|≥0.5), the one with the strongest association with the outcome (or the one
with the least missing observations) was considered, along with biological plausibility.
Additionally, curvilinear relationships were explored for continuous predictors.
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For both daily lying time and ln of frequency of lying bouts, a multivariable model
(with animal as a random effect) was then manually built through backward elimination
until all model variables had a P value ≤0.05, while evaluating for potential confounding
(Dohoo et al., 2009). Two-way interactions between biologically plausible variables in the
final model were tested, and an interaction term was retained in the model if the P-value
of an interaction term was found to be significant at P≤0.05. Residuals were evaluated for
normality (histograms, Q-Q plots and normality tests) and homoscedasticity (standardized
residuals versus predicted value plot). Identification of extreme and influential
observations was done graphing the standardized residuals and comparing changes in
coefficient estimates and their significance when modelling with and without influential
observations.

4.4. Results
A total of 187 heifer calves from 150 smallholder farms were recruited at different
times between July 2018 to February 2019 and followed for up to 477 days, with up to 6
on-farm assessment visits done bimonthly. The number of study farms and candidate
calves decreased in subsequent visits due to loss to follow-up and late enrolment. Only
100 animals from 91 farms were assessed six times (Table 4.4). Reasons for animal losses
included farmer relocation (n=4), voluntary withdrawal from study (n=5), animal death
(n=16), sale of animal (n=22) and late enrolment (n=40). As a result, the final dataset
included 912 observations from the 187 calves.
Farmer demographics and management practices from the study farms are detailed
in Kimeli et al. (2020). In brief, the gender of the principal farm owners was equal in
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proportion for both male and female, with almost half of them having attained only
primary education. The mean area of land owned was approximately a half of hectare,
with a less than quarter of a hectare of land being leased for fodder growth. Herd size
averaged six animals, with all farms having at least one calf pen, with a mean floor area
of 4 m2, in which calves were spending nearly six months. Over 90% of the calves in the
study were Friesian, with an average weaning age of 3 months, from dams having 3+
parities mostly. All farmers fed milk to their calves using buckets.
Tables 4.2 and 4.3 report on baseline differences between the intervention and
control group farms. Participating farms from Murang’a County had significantly higher
owned land acreage but leased less land and earned lower gross income from milk as
compared to Kiambu County farms. The differences in average weaning age, bodyweight
at enrolment and farmer education level were statistically significant. However, there was
no baseline difference in the number of adults per household, age/gender/marital status of
the principal farmer, duration involved in dairy farming, previous attendance of training,
floor area of the calf pen, average weaning age, calf breed or dam parity number.
4.4.1. Affective experience domain
The proportions of nutrition, environment, health, and behaviour affective
experience variables over the six visits are presented in Table 4.1. For the environment
domain, 95% of calves exhibited typical responses to skin and musculoskeletal
stimulation, and there were few negative manifestations on respiratory, visual, and thermal
components. Some calves (16-48%) manifested gastrointestinal discomfort, mainly
through abdominal kicks and bilateral bloating. On the health domain, few animals
exhibited auditory concerns (<1), or mental (<5%) or physical (<6%) exhaustion. With
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reference to the nutrition domain, the proportions of calves whose thirst and hunger was
satisfied increased during the first 3-4 visits, before leveling or tailing off. Behaviourally,
the temperament of over 2/3 of calves displayed fear, and half or more of them performed
cross-sucking and sucking of objects, while <10% self-sucked their navel.
From the MCA analysis, a two-dimensional MCA solution was considered the
most appropriate option since it accounts for most of the total variability. The first and
second dimensions accounted for 30.3% and 10.4% of the variance, yielding a total
variance of 40.7%. In the MCA plot, the origin represents the average animal, and the
dispersion around it indicates how they differ in relation to this average. The MCA plot
identified three clusters of calves with closely matching affective experiences: A, B and
C (Figure 4.1). Cluster A, positioned at the origin, represents most of the animals with
average observations. Individuals in cluster B are animals that were “yes” for thermal hot,
respiratory, and visual variables, and “marginal” for mental and physical exhaustion
variables. Animals in cluster C showed “yes” for physical and mental exhaustion and
“marginal” for musculoskeletal and skin. There were a few other isolated categories that
did not portray a pattern. The plot shows most variable categories at the origin, while those
outside the origin are mainly varying along the horizontal axis (dimension 1), leading to
the relatively high contribution (30.3%) provided by dimension 1.
4.4.2. Sucking and lying behaviour
All calves were observed sucking the nipples mounted on the walls of their pens;
however, more than half of the rubber nipples were torn or broken off the wall by the
second round of visits. We, therefore, compared the proportions of various sucking
activities between the first-round visits (pre-intervention) and the second-round visits
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(post-intervention). While the differences were not significant at P<0.05, there was a
modest reduction of proportions of abnormal sucking behaviours in the intervention group
(Table 4.5).
Over the study visits, the calves' accelerometer readings averaged between 12.616.9 hr/d and 67.9-86.7 min/bout for daily lying time and duration of lying bouts,
respectively, while the median for the frequency of lying bouts (not normally distributed)
was between 30-46/day. There were no significant differences in the three measurements
between intervention groups at any of the visits; however, there were significant
differences between visits for all three measurements (Table 4.6). The intervention calves
did have somewhat longer daily lying times than the control calves at round visits 2, 4, 5
and 6. However, the interaction variable for visit number and intervention group was not
statistically significant for lying time, indicating that the effect of visit number on lying
time did not depend on the intervention group. Similarly, the interaction variables for visit
number and intervention group were not statistically significant for frequency of lying
bouts and duration of lying bouts. Logger attachment did not cause any visible lesion or
discomfort and therefore had limited impact on behaviour.
4.4.3. Factors associated with lying time
Using a significance level of P<0.30, univariable multilevel mixed-effects linear
regression models showed that daily lying time of heifer calves was positively associated
with Intervention group, Marital status of the principal farmer, Superficial lymph nodes
enlarged, Presence of elevated wood-slatted floor, Wood shaving/ sawdust/ crop waste
used as beddings, Roof intact, Floor area of the calf pen and Body condition score. Rubber
mat in use at the time of the farm visit, Presence of a dam-calf connection (the calf can
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see and/or touch her dam), Presence of hock lesions, Type of social housing (separate or
group), Floor cleanliness, Land size owned by the farmer, and Age of the calf during the
farm visit had negative associations with daily lying time (Table 4.7).
The final multivariable mixed-effects linear regression model of daily lying time
indicated that Superficial lymph nodes enlarged, Wood shaving/ sawdust/ crop waste used
as beddings and Body condition score were positively associated with daily lying time.
Social type of housing and Rubber mat in use at the time of the farm visit had negative
associations with daily lying time. There was an interaction between Elevated woodslatted floor and Roof intact, and also between Age of the calf and Floor cleanliness (Table
4.8).
The calves with enlarged superficial lymph nodes had nearly half an hour more
daily lying time compared with calves with normal-sized superficial lymph nodes. Use of
wood shaving/ sawdust/ crop waste as beddings on calf lying area increased the lying time
by about a half an hour per day. For each positive unit change in body condition score of
the calves, there was over a third of an hour longer daily lying time. Calves that were
housed in a group with other cattle (calves, heifers, or cows) at the time of farm visit had
nearly 1/3 of an hour less daily lying time compared with individually housed calves. The
farms that were seen to use the rubber mat in the lying area at the time of the farm visit
recorded more than a third of an hour less lying time compared to those who did not use.
Figure 4.2 depicts the age of the calf and the level of floor cleanliness had a significant
interaction. When the calf was less than 190 days of age, the daily lying time was
significantly higher for calves raised on clean floors compared to those on dirty floors, but
duration of lying diminished in both with age, such that the differences by cleanliness
131

group were no longer statistically significant in calves over 190 days. Figure 4.3 depicts
the interaction between type of pen floor and the roof being intact. The daily lying time
was lower for calves raised in pens with leaking roofs, regardless of the level of the calfpen floor. However, when the roof was intact, daily lying time increased and was higher
on elevated slatted floors compared with non-elevated floors. The highest proportion of
variance was at the repeated measures level, accounting for 82.8% of the variance (Table
4.8). The final model had 912 observations from 187 calves on 150 farms.
4.4.4. Factors associated with natural logarithm of frequency of lying bouts
Using a significance level of P<0.30, univariable multilevel mixed-effects linear
regression models showed that natural logarithm of frequency of lying bouts of heifer
calves was positively associated with Marital status of the principal farmer, Attended any
dairy farmer training previously, Elevated wood-slatted floor, Roof intact, Wood
shavings/ sawdust/ crop waste used as beddings, Herd size, Floor area of the calf pen (m2),
Rectal temperature and Body condition score. Intervention group, Rubber mat in use at
the time of farm visit, Presence of dam-calf connection, Type of social housing, Floor
cleanliness, Calf sometimes tethered (at least once a week), Age of the principal farmer,
Experience in dairy farming, Age of the animal during the farm visit and Bodyweight were
negatively associated with natural logarithm of frequency of lying bouts (Table 4.9).
The final multivariable mixed-effects linear regression model indicated that Body
condition score was positively associated with natural log of lying bout frequency. Rubber
mat in use at the time of farm visit, Experience in dairy farming and Bodyweight of the
calf were negatively associated with natural log of frequency of lying bouts. There was an
interaction between Floor cleanliness and Calf sometimes tethered (Table 4.10).
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The coefficients in Table 4.10 were converted to percentages of change in
frequency of lying bouts for each of the final model variables for the following
interpretations. The frequency of lying bouts increased by 16% for every unit change in
the animals' body condition score. The frequency of lying bouts decreased by 9% for every
one-year increase in farmer's experience in dairy farming. The frequency of lying bouts
also was reduced by 0.2% for every 1 kg increase of the animal’s body weight. Figure 4.4
depicts the interaction between the level of floor cleanliness and the calf sometimes being
tethered. The frequency of daily lying bouts was higher on clean floors than dirty floors,
irrespective of tethering status, but when the floor was dirty, the daily lying bouts were
lower when the animal was sometimes tethered compared to those not tethered. The
highest proportion of variance was at the repeated measures level, accounting for 91.9%
of the variance (Table 4.10). The final model had 912 observations from the 187 calves.
4.4.5. Model evaluation
Both the lying time and lying bout models met assumptions of normality and
homoscedasticity. Normal quantile plot, histogram and Shapiro-Wilk tests depicted
normal distribution of standardized residuals. In both cases, scatter plots of fitted values
and standardized residuals did not depict distinct patterns in the distribution of residuals.
In both models, there were 10 observations with standardized residuals outside of ±3
which did not affect the estimates on refitting the model without them.
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4.5. Discussion
This is the first randomized controlled trial aimed at evaluating the effect of
environmental and comfort improvements of calves in the smallholder dairy production
system in the developing world. Parts of our intervention had some positive benefit on
abnormal sucking and lying behaviours. Improving the lying area of calves by providing
them with a soft dry bedding material enhances their comfort, which agrees with other
evidence summarized in a review paper (Mandel et al., 2016). However, the preferences
for a lying surface by an individual animal are influenced by affective mental states that
dictate other cognitive processes, such as attention, memory, decision-making, and
judgement (Luo et al., 2019). Also, placing non-nutritive nipples inside the calf-pen
enriches the calves' physical world and helps meet the affective experience (Mandel et al.,
2106), but may reduce lying time.
The combined analysis of two dimensions from MCA allowed us to identify three
differentiated patterns of affective experience clusters: A, B, and C, (Figure 4.1)
representing animals with relatively similar characteristics. Cluster A, which is positioned
at the origin, represented the animals with average characteristics. Given the variables and
levels within clusters B and C, the factors for one affective trait may have contributed to
the occurrence of others’ affective experiences. For instance, in cluster B, hot
environmental temperatures would likely affect respiration, vision and exhaustion.
Furthermore, physical and mental exhaustion affect musculoskeletal and skin response in
cluster C. Thermal cold and hot concerns, physical exhaustion, age, social environment,
time of day and novelty of environmental enrichment have been shown to influence
mental state (Ede at al., 2019). Given that our study was a longitudinal study, we believe
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that age was a strong confounder for the MCA cluster results, and therefore affected the
expression of affective experience. For example, nutritional provisions (water, feed and
mineral) improved during visits 3-4 (Table 4.1).
Before our intervention, all farmers fed milk to their calves using buckets, which
deprives calves of an opportunity to express their need for sucking behaviour, and this can
lead calves to seek an alternative to meet the need (Mandel et al., 2016). Such alternatives
include cross-sucking, self-sucking and sucking of pen objects (de Passillé, 2001). Our
results showed that there was a slight but not significant reduction in the expression of
abnormal sucking behaviours (Table 4.5). However, over half of the rubber nipples were
torn and/or broken off the pen wall by the second round of visits, possibly due to poor
nipple quality, vigorous sucking and butting by the calves, and/or ineffective mounting.
In their study, de Passillé and Caza (1997) showed that the occurrence of cross-sucking
behaviour was reduced by more than 75% when calves were presented with a dry rubber
nipple. We, therefore, suggest that durable rubber nipples and cylindrical bracket
mounting could reduce abnormal sucking behaviour.
As expected, the measured daily lying time and frequency of bouts generally
reduced with age with a mean daily lying time between 16.9 hr/d and 12.9 hr/d and median
frequencies of lying bouts between 15.3 and 10.3 per day when the calves were 25 days
(first visit) and 359 days (sixth visit) of age, respectively (Table 4.6). Sutherland et al.
(2017) found an average of 17 hr/d in 5-day old calves reared on wood shavings,
performing more lying bouts than calves reared on pea gravel or sand. Camiloti et al.
(2012) reported an average lying time of 17.2 ± 0.1 hr/d, and calves showed a clear
preference for drier sawdust bedding and aversion to concrete lying surfaces, confirming
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that access to soft and dry bedding is essential for growing calves, even in warm tropical
countries.
Our study showed that calves with enlarged superficial lymph nodes were
associated with an increase in the duration of lying time (30 min/d) compared with calves
with normal-sized superficial lymph nodes (Table 4.8). Enlarged superficial lymph nodes
in cattle are often considered to be one of the earliest indicators of disease. Illness often
changes the lying behaviour in animals through reduced activity, and increased duration
of lying time has been suggested as an indicator of infection (Solano et al., 2016). The
observed lymph node enlargement was most likely associated with the immune response
to infectious conditions that are common in Kenyan calves, such as navel-ill, pneumonia,
diarrhea, and tick-borne diseases (Gitau et al., 1994).
The use of bedding materials, such as straw, wood shaving, sawdust, or crop waste,
was associated with increased duration of lying time by 36 min/d (Table 4.8). Such
beddings have high absorbency, and when combined with good management practices,
such as frequent removal of soiled beddings and addition of new ones, improved stall
cleanliness, leading to better comfort (Kathambi et al., 2019).
We found that both daily lying time and frequency of bouts were associated with
high body condition score (BCS). Body condition score can influence how an animal
responds to environmental challenges - when exposed to rain and wind, low BCS cattle
spent more time feeding and less time lying down compared with high BCS animals
because they had less insulation to protect them from the cold and therefore needed to eat
more to generate heat to stay warm (Schütz et al., 2013). Furthermore, due to inadequate
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nutrition, low BCS calves spend more time around the manger, licking the residual feed
material or waiting for more feed. Feed quality and quantity are often inadequate in the
Kenyan smallholder production system, especially during the dry season (Makau et al.,
2019). Finally, it may be that calves that lied down more were not using as much energy
to stand/walk; therefore, they had a higher BCS.
Housing calves in groups with other calves or cows were associated with a reduced
duration of lying time (18 min/d) compared with those housed individually (Table 4.8).
Overvest et al. (2018) and Chua et al. (2002) found similar results, with calves in pairs
spending more time standing idly and/or moving around in the pen than separately housed
calves. Group housing of calves has also been shown to promote social behavioural
activities (Costa et al., 2016).
Interestingly, the farms that had a rubber mat placed in the calf pen at the time of
the farm visit had reduced duration of lying time (24 min/d less) and decreased frequency
of lying bouts (9% less) (Table 4.8 and 4.10). On-farm use of beddings (including mats)
varied between visits and of the farms that had their calves use mats at the time of visit,
78% (204/261) of them did not apply any bedding. Animals may sometimes lie down to
avoid standing on an uncomfortable floor, or may choose to spend a longer time standing
on softer floors by as much as 29 min/d (Haley et al., 2001; Solano et al., 2006; Tucker et
al., 2006). Also, experimental studies demonstrated that, when given the option, cows
preferred to stand on soft rubber compared with solid concrete (Telezhenko et al., 2007).
If the same preference applies to calves, then the choice to stand on rubber flooring over
concrete or stone alleys may have been the cause of our findings. Therefore, in agreement
with Cook and Nordlund (2009) and Solano et al. (2016), the use of a rubber mat and
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comfortable dry bedding in the lying area should be combined with good flooring in walk
alleys for good comfort, hygiene, thermoregulation, and minimal lameness.
The duration of lying time and lying bout frequency decreased with age as calves
moved from preweaning to postweaning periods (Figure 4.2). Also, the variances in daily
lying time and frequency of lying bouts were higher (>82%) between visits than between
calves, and this could be due to the effect of age altering the time budgets of the calves as
they grow. Overvest et al. (2018) noted a similar finding at the weaning and post-weaning
periods, and they attributed it to an increase in feeding time seen in these older groups,
demonstrating that calves alter their lying behaviour to accommodate changes in feeding
pattern. However, we noted that the effect of age on lying time interacted with floor
cleanliness, with calves below 190 days registering a lower lying time when on a dirty
floor compared to those on a clean floor surface. We also noted that when the calf pen
floors were clean, the frequency of lying bouts was similar among non-tethered and
sometimes tethered (at least once a week) calves. However, when calf pen floors were
dirty, the frequency of lying bouts was significantly lower for calves sometimes tethered
than non-tethered calves (Figure 4.4). Tethering, at least once a week, was commonly
done by tying the animal on a peg with a rope outside the pen for part of the day, which
allowed manure accumulation in that area; thus, a wet and dirtier lying environment was
produced, leading to less frequent lying bouts. Richards (2017) noted that cows in Kenya
would choose to rest in more and shorter bouts when stalls were dry than wet, and we
observed the same result in calves in Kenya.
In an interaction, our study showed that the daily lying time was lower for calves
raised in pens with leaking roofs, regardless of the level of the calf-pen floor. However,
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when the roof was intact, daily lying time increased and was higher on elevated slatted
floors compared with non-elevated floors (Figure 4.3). With improper roofing, there is
often rain leakage, making the non-elevated floor wet and uncomfortable to lie on,
lowering lying time (Camiloti et al, 2012). A combination of proper roofing and elevated
slatted floor significantly improved the daily lying time since pens with elevated floors
easily allowed water and wet manure to seep through the slats, minimizing the chances of
damp and dirty flooring. An elevated wood-slatted floor is increasingly becoming a
common feature of young calf pens on smallholder dairy farms in Kenya.
The frequency of lying bouts was associated with decreased years of experience
in dairy farming. Our field observations revealed that less experienced dairy farmers (≤5
years experience) frequently (n=22) had intact roofs and good housing for their calves,
whereas established farmers with >15 years of experience often had deteriorated housing
structures (n=16) with inadequate roof coverage. The status of the housing structure may
have affected the wetness and cleanliness level (Kathambi et al, 2018), which impacts the
frequency of lying bouts. We therefore recommend timely renovations of calf housing
structures to provide optimal comfort.
Most preweaned calves were kept in small pens, and some calves remained in
those small pens at weaning, despite increases in body size. The observed reduction in
frequency of lying bouts with increased body weight could have been a consequence of
unadjusted pen dimensions despite increasing body size or weight of the animal. The
resulting restricted space might have compromised movements for lying down and rising,
forcing the calves to assume the preferred posture for a prolonged duration. It could also
have been that the hardness and abrasion of the floor may have elicited pain or caused
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injury on the carpi while getting up and lying down, as the calves placed more weight on
their front knees (Temple et al, 2016).
Limitations to this study include a possible confounding effect between the
intervention and county location of the study farms. Although there was a baseline mean
difference between groups in a few of the variables (Table 4.2 and 4.3), we believe that
the groups were comparable for the study objectives since most of the important variables
in the final models were not significantly different between the groups pre-intervention.
Random allocation to intervention and control groups would have been better at the farmlevel but it was impractical in the current study since the interventions were low-cost and
could be implemented by the control farmers if they visited intervention farms, leading to
contamination of the control group, as seen elsewhere in Kenya (Kathambi et al., 2019,
Richards, 2017). We also noted that our intervention recommended improved hygiene
maintenance, which most farmers failed to implement, allowing urine and manure
accumulation in the pen, and this failure affected the lying time (Table 4.8). While the
study results likely are generalizable to smallholder farms in Kenya and other sub-Saharan
African countries with similar management, they may not be representative of other farm
management practices elsewhere. Finally, while the loss to follow-up reduced our power
to detect significant associations in our models, the causes of the losses, mainly due to
sale and late enrolment, were not associated with the outcomes and the predictors of
interest, leading to minimal potential for bias.
Future research on environmental improvements should evaluate the impact of
environmental and comfort improvements on other production parameters, such as age at
first calving and milk yield during the first lactation. There is need to investigate the
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impact of tethering practice (for instance duration of time, length of the rope, and presence
of mud and shade) on the lying behaviour. To further evaluate abnormal sucking
behaviours, more studies using quality artificial nipples and a mounting bracket that can
withstand vigorous sucking, tearing, and butting by the calves should be considered.

4.6. Conclusion and recommendation
Environmental and comfort improvements through housing improvements showed
some benefits for the heifer calves in terms of a better lying experience and therefore
improved welfare outcomes. Lying behaviour was associated with animal level factors
such as the age, body condition score, superficial lymph node status and body weight and
farm-level factors such as floor cleanliness, floor elevation, roof status of the shed, social
type of housing, use of beddings, tethering practice and experience of dairy farming. With
a short timeframe of application, the use of artificial rubber nipples led to a trend but not
significantly reduced abnormal sucking behaviours. We recommend that smallholder
dairy farmers should consider environmental and comfort improvements by improving
calf housing (floor and roof) and its management (cleanliness) to enhance lying comfort.
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Figure 4.1: MCA coordinate plot showing the patterns of affective experience domains and
the projection of clusters (N=No, M=Marginal, Y=Yes) based on 187 calves in 150 Kenyan
smallholder farms.
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Figure 4.2: Interaction plot of predicted daily lying time and 95%CI for calf age and floor
cleanliness of the housing based on the final model of 187 calves in 150 Kenyan smallholder
farms.
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Figure 4.3: Interaction plot of predicted daily lying time and 95%CI for roof being intact
and floor elevation of the calf pen, based on the final model of 187 calves in 150 Kenyan
smallholder farms.
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Figure 4.4: Interaction plot of predicted natural logarithm of frequency of lying bouts and
95%CI for floor cleanliness and calf sometimes tethered, based on the final model of 187
calves in 150 Kenyan smallholder farms.
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Table 4.1: Proportion and frequency of animals manifesting affective experiences during on-farm visits in 187 dairy calves on
150 Kenyan smallholder farms
Affective
domain

experience

Environment Domain
Musculoskeletal
Skin

Gastrointestinal

Level

Description

No
Marginal
Yes
No
Marginal
Yes
No

Full leg movement in response to leg pressure or leg movement
Partial leg movement in response to leg pressure or leg movement
Does not move leg in response to leg pressure or leg movement
Moves away from person scratching body surface
Twitches skin in response to scratching of body surface
Does not respond to scratching of body surface
Does not kick at belly, grunt when belly is pressed, normal withers pinch response, no
bloat
Does only one of: kick at belly, grunt when belly is pressed, abnormal withers pinch
response, no bloat
Does two or more of: kicks at belly, grunts when belly is pressed, abnormal withers
pinch response, or bloat on either side
No shallow breathing or grunting or groaning when breathing
Only one of: shallow breathing or grunting or groaning when breathing
Two or more of: shallow breathing or grunting or groaning when breathing
Absence of eye squinting, lacrimation or blepharospasm
Only one of: eye squinting, lacrimation or blepharospasm
Two or more of: eye squinting, lacrimation or blepharospasm
No shivering
Presence of intermittent shivering
Presence of constant shivering
No panting
Intermittent panting
Constant panting
Absence of drooped ears
Presence of one drooped ear
Presence of both drooped ears
Able to stand and walk steadily
Struggles to stand and walks wobbly
Unable to stand without support
Open eyes spontaneously and track moving persons or objects
Open eyes spontaneously but does not track moving persons or objects
Does not open eyes spontaneously nor track moving persons or objects
Always free access to clean water
Access to clean water limited to at least two periods a day
Access to clean water limited to one period or less a day
Always access to some feed
Access to feed limited to at least two periods a day
Access to feed limited to one period or less a day
Always access to mineral
Access to mineral limited to at least two periods a day
Access to mineral limited to one period or less a day
Remains or moves towards humans when approached within 2 metres
Moves away when approached at within 2 metres
Sucks any body parts of pen-mate calves
Does not suck any body parts of pen-mate calves
Licks or sucks their own naval
Does not lick or suck their own naval
Does not suck objects on walls/floors and other equipment if nearby
Sucks objects on walls/floors & other equipment if nearby (excludes mounted nipples)

Marginal
Yes
Respiratory

Visual

Thermal - cold

Thermal – hot

Health Domain
Auditory
Physical exhaustion

Mental exhaustion
Nutrition Domain –
Thirst
Hunger – Feed
Hunger – Mineral

Behaviour Domain
Temperament
Cross-sucking
Self-sucking
Sucking objects

No
Marginal
Yes
No
Marginal
Yes
No
Marginal
Yes
No
Marginal
Yes
No
Marginal
Yes
No
Marginal
Yes
No
Marginal
Yes
No
Marginal
Yes
No
Marginal
Yes
No
Marginal
Yes
Confident
Fearful
No
Yes
No
Yes
No
Yes
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1st Visit
N=187
% (#)
94.7 (177)
4.3 (8)
1.1 (2)
94.1 (176)
4.3 (8)
1.6 (3)
77.0 (144)

2nd Visit
N=179
% (#)
98.3 (176)
1.1 (2)
0.6 (1)
97.8 (175)
1.1 (2)
1.1 (2)
57.5 (103)

3rd Visit
N=165
% (#)
95.1 (157)
0.0 (0)
4.9 (8)
98.2 (162)
0.0 (0)
1.8 (3)
34.6 (57)

4th visit
N=151
% (#)
98.0 (148)
0.7 (1)
1.3 (2)
96.7 (146)
1.3 (2)
2.0 (3)
30.5 (460

5th visit
N=130
% (#)
96.2 (125)
0.8 (1)
3.1 (8)
96.9 (126)
0.8 (1)
2.3 (3)
48.5 (63)

6th visit
N=100
% (#)
100.0 (0)
0.0 (0)
0.0 (0)
99.0 (99)
0.0 (0)
1.0 (1)
48.0 (48)

6.4 (12)

21.2 (38)

38.8 (64)

48.3 (73)

48.5 (63)

4.0 (4)

16.6 (31)

21.2 (38)

38.8 (64)

48.3 (73)

48.5 (63)

48.0 (48)

97.3 (182)
0.0 (0)
2.7 (5)
97.3 (182)
1.1 (2)
1.6 (3)
99.5 (186)
0.0 (0)
0.5 (1)
98.4 (184)
1.1 (2)
0.5 (1)
99.5 (186)
0.0 (0)
0.5 (1)
89.8 (168)
3.7 (7)
6.4 (12)
89.8 (168)
4.8 (9)
5.4 (10)
18.7 (35)
3.2 (6)
78.1 (146)
49.7 (93)
11.2 (21)
39.0 (73)
12.8 (24)
0.0 (0)
87.2 (163)
25.1 (47)
74.9 (140)
48.7 (91)
51.3 (96)
9.6 (18)
90.4 (169)
28.3 (53)
71.7 (134)

96.4 (176)
0.0 (0)
1.7 (3)
93.9 (168)
3.4 (6)
2.8 (5)
99.4 (78)
0.0 (0)
0.6 (1)
98.3 (176)
0.6 (1)
1.1(2)
98.9 (177)
0.0 (0)
1.1 (2)
87.2 (156)
8.4 (15)
4.5 (8)
85.5 (153)
11.2 (20)
3.4 (6)
41.9 (75)
18.4 (33)
39.7 (71)
91.1 (163)
7.8 (14)
1.1 (2)
27.4 (49)
2.8 (5)
69.8 (125)
10.6 (19)
89.4 (160)
49.2 (88)
50.8 (91)
8.9 (16)
91.1 (163)
31.3 (56)
68.7 (123)

97.4 (159)
0.6 (1)
3.0 (5)
95.2 (157)
0.6 (1)
4.2 (7)
100.0(165)
0.0 (0)
0.0 (0)
93.9 (155)
1.8 (3)
4.2(7)
98.8 (163)
0.0 (0)
1.2(2)
90.3 (149)
6.7 (11)
3.0 (5)
92.1 (152)
4.9 (8)
3.0 (5)
55.8 (92)
15.8 (26)
28.5 (47)
88.5 (146)
9.7 (16)
1.8 (3)
43.6 (72)
1.8 (3)
54.6 (90)
14.6 (24)
85.5 (141)
49.1 (81)
50.9 (84)
7.9 (13)
92.1 (152)
30.9 (51)
69.1 (114)

97.4 (147)
0.0 (0)
2.7 (4)
97.4 (147)
0.0 (0)
2.7 (4)
100.0 (151)
0.0 (0)
0.0 (0)
96.0 (145)
0.7 (1)
3.3 (5)
99.3 (150)
0.0 (0)
0.7(1)
97.4 (147)
2.7 (4)
0.0 (0)
98.7 (149)
1.3 (2)
0.0 (0)
62.9 (95)
6,0 (9)
31.1 (47)
82.1 (124)
16.6 (25)
1.3 (2)
45.0 (68)
3.3 (5)
51.7 (78)
21.2 (32)
78.8 (119)
48.3 (73)
51.7 (78)
8.6 (13)
91.4 (138)
31.1 (47)
68.9 (104)

98.5 (128)
0.0 (0)
1.5 (2)
98.5 (127)
0.0 (0)
1.6 (2)
99.2 (129)
0.0(0)
0.8(1)
99.2 (129)
0.8 (10
0.0 (0)
100.0 (130)
0.0 (0)
0.0 (0)
96.9 (126)
1.5 (2)
1.5 (2)
98.5 (128)
0.8 (1)
0.8 (1)
66.2 (86)
0.8 (1)
33.1 (43)
76.9 (100)
17.7 (23)
5.4 (7)
31.5 (41)
0.8 (1)
67.7 (88)
31.8 (41)
68.2 (88)
50.8 (66)
49.2 (64)
6.9 (9)
93.1 (121)
30.8 (40)
69.2 (90)

99.0 (99)
0.0 (0)
1.0 (1)
100.0 (100)
0.0 (0)
0.0 (0)
100.0 (100)
0.0 (0)
0.0 (0)
100.0 (100)
0.0 (0)
0.0 (0)
100.0(100)
0.0 (0)
0.0 (0)
98.0 (98)
1.0 (1)
1.0 (1)
99.0 (99)
0.0 (0)
1.0 (1)
64.0 (64)
1.0 (1)
35.0 (35)
75.0 (75)
19.0 (19)
6.0 (6)
29.0 (29)
0.0 (0)
71.0 (71)
31.0 (31)
69.0 (69)
53.0 (53)
47.0 (47)
8.0 (8)
92.0 (92)
32.0 (32)
68.0 (68)

Table 4.2: Summary of animal and farm characteristics (continuous variables) preintervention for 187 calves on 150 Kenyan smallholder dairy farms.
Control
Intervention
Continuous Variables
No. Mean SD
No. Mean SD
Farmer variables
# of adults per household
75
2.60
1.39
75
2.87
1.15
Age of principal farmer (years)
75
53.09
12.71
75
49.96
12.53
Duration involved in dairy
75
19.48
13.75
75
15.55
10.65
farming (years)
Overall proportion of income
75
47.43
20.79
75
51.37
27.29
from dairy farming (%)
Land size owned by the farmer
75
0.87
1.29
75
0.29
0.30
(hectares)
Land size leased for dairy farming 75
0.11
0.26
75
0.22
0.27
(hectares)
Gross income from milk sale
75
213.85 331.65
75
403.35 403.35
(USD) per month
Farm variables
Floor area of the calf pen (m2)
75
3.85
6.00
75
4.27
4.58
Average weaning age (weeks)
75
13.48
4.90
75
13.17
3.07
Herd size
75
4.52
3.47
75
6.93
5.32
Animal variables
Age at enrolment
89
26.55
15.74
98
24.82
19.55
Body weight at enrolment
89
50.97
7.86
98
47.87
8.27
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P-value
0.204
0.131
0.052
0.322
<0.001
0.011
0.003

0.633
0.647
0.001
0.508
0.010

Table 4.3: Summary of animal and farm characteristics (categorical variables) preintervention for 187 calves on 150 Kenyan smallholder dairy farms.
Categorical Variables
Category
Control
Intervention P% (n/N)
% (n/N)
value
Farmer variable
Gender of the principal farmer
Male
49.3 (37/75)
50.7 (38/75) 0.870
Female
50.7 (38/75)
49.3 (37/75)
Marital status of the principal farmer
Married
85.3 (64/75)
88.0 (66/75) 0.571
Single
8.0 (6/75)
4.0 (3/75)
Widowed
6.67 (5/75)
8.0 (6/75)
Attended any dairy farmers training
No
41.3 (31/75)
42.7 (32/75) 0.869
previously
Yes
58.7 (44/75)
57. 3 (43/75)
Education level of principal farmer
Primary
53.3 (43/75)
37.3 (28/75) 0.020
Secondary
33.3 (25/75)
40.0 (30/75)
College/
9.3 (7/75)
22.7 (17/75)
University
Animal variables
Calf breed
Friesian
94.4 (84/89)
86.7 (85/98) 0.110
Ayrshire
5.6 (5/89)
12.4 (12/98)
& Jersey
Dam parity number
1
30.3 (27/89)
23.5 (23/98) 0.544
2
28.1 (25/89)
27.6 (27/98)
≥3
41.6 (37/89)
49.0 (48/98)
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Table 4.4: Total number of Kenyan smallholder dairy farms and calves (with median age
and weight), by visit and intervention group
Visit Group
Number of
Number of
Median calf
Median calf age
#
farms
calves
weight (kg)
(days)
1

2

3

4

5

6

Control

75

89

50

29

Intervention

75

98

46.5

23

Control

74

87

75

91

Intervention

71

92

55

81.5

Control

68

81

100

184

Intervention

64

84

85

156.5

Control

65

77

128

243

Intervention

61

74

120

226

Control

59

70

150

305

Intervention

53

60

150

287.5

Control

47

51

176

364

Intervention

44

49

190

353
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Table 4.5: Proportions of calves observed with different sucking behaviours at first and
second visits, by intervention group, for 187 calves on 150 Kenyan smallholder dairy farms

% (n/N)
Behavioural

Category

Cross-sucking

Self-sucking

Sucking objects

Visit 1

Visit 2

Control

41.6(37/89)

41.4(36/87)

Intervention

60.2(59/98)

59.8(55/92)

9.0(8/89)

9.2(8/87)

Intervention

10.2(10/98)

8.7(8/92)

Control

70.8(63/89)

70.1(61/87)

Intervention

72.5(71/98)

67.4(62/92)

Control
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Table 4.6: Mean (SD) or median (interquartile range ) readings from accelerometers, by intervention group, and two-way
ANOVA testing of the effect of the intervention and visit number on accelerometer readings from 187 heifer calves on 150
smallholder dairy farms in Kenya
Mean± SD or *Median (interquartile range)
Variable

Group

Visit 1

Visit 2

Visit 3

Visit 4

Visit 5

Visit 6

25

86

172

238

301

359

(11-38)

(68-105)

(149-198)

(211-263)

(274-326)

(332-382)

Control

17.1±1.5

14.6±1.9

13.8±1.2

13.0±1.3

12.5±1.3

12.7±1.3

Intervention

16.7±1.8

14.9±1.7

13.6±1.4

13.1±1.3

12.7±1.9

13.1±1.5

Overall

16.9±1.7

14.8±1.8

13.7±1.3

13.1±1.3

12.6±1.6

12.9±1.4

*Age (days)

Daily lying time (hr/d)

P-value

Intervention:
0.2130
Visits: <0.0001
Interaction:
0.2166

*Frequency of lying
bouts (#/d)

Control

16.7

12.3

11.0

10.0

10.3

9.7

(13.0-21.0)

(9.7-14.7)

(9.3-12.3)

(8.7-11.3)

(8.3-12.3)

(8.3-11.7)

14.7

10.8

10.7

10.0

9.3

10.7

(12.3-18.7)

(9.3-13.5)

(8.3-12.2)

(8.3-12.3)

(7.7-12.2)

(9.0-13.3)

15.3

11.3

10.7

10.0

10.0

10.3

(12.7-20.0)

(9.3-14.0)

(9.0-12.3)

(8.7-11.7)

(8.0-12.3)

(8.8-12.0)

Control

65.0±21.9

79.4±46.5

78.0±22.9

81.7±26.7

80.7±35.7

80.5±27.5

Intervention

70.6±29.1

84.5±27.1

85.3±34.1

81.1±26.5

93.1±92.5

73.5±16.9

Overall

67.9±26.0

82.0±37.8

81.7±29.3

81.4±26.5

86.4±68.1

77.1±23.1

Intervention

Overall

Duration of lying
bouts (min/bout)

Intervention:
0.2744
Visits: <0.0001
Interaction:
0.1551

Intervention:
0.1105
Visits: 0.0002
Interaction:
0.4446

* median and interquartile range used because data were not normally distributed.
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Table 4.7: Univariable multilevel mixed-effects linear regressions for variables (P<0.30)
associated with daily lying time (hr/d) for 187 calves on 150 Kenyan smallholder dairy
farms.
Variable
Category
#observations Average Coefficien
(%)
lying
t
time
Intervention group
Control
75 (50.0)
14.1±2.2 Reference
Intervention
75 (50.0)
14.3±2.3
0.179
Marital status of the
Married
130 (86.7)
14.2±2.2 Reference
principal farmer
Single/
20 (13.3)
14.6±2.5
0.500
Widowed
Superficial lymph nodes
No
840 (92.1)
14.1±2.2 Reference
enlarged
Yes
72 (7.9)
14.2±2.3
1.059
Elevated wood-slatted floor No
114 (76.0)
14.1±2.2 Reference
Yes
36 (24.0)
14.9±2.6
1.177
Wood shaving/ sawdust/
No
578 (63.4)
14.1±2.3 Reference
crop waste used as
Yes
334 (36.6)
14.5±2.2
1.077
beddings
Roof intact
No
270 (29.6)
13.5±2.1 Reference
Yes
642 (70.4)
14.5±2.3
0.444
Floor area of calf pen (m2)
0.0004
Body condition score
0.466
Rubber mat in use at the
No
651 (71.4)
14.1±2.2 Reference
time of farm visit
Yes
261 (28.6)
14.4±2.3
-0.629
Presence of dam-calf
No
252 (27.6)
14.5±2.4 Reference
connection
Yes
660 (72.4)
14.1±2.2
-0.615
Presence of hock lesions
No
819 (89.0)
14.2±2.3 Reference
Yes
93 (10.2)
14.1±2.3
-0.323
Type of social housing
Individual
540 (59.2)
14.5±2.3 Reference
Grouped
372 (40.8)
13.9±2.3
-0.934
Floor cleanliness
Clean
366 (40.1)
14.9±2.4 Reference
Dirty
546 (59.8)
13.8±2.3
-1.691
Land size owned by farmer -0.039
(acres)
Age of calf during the farm -0.011
visit (days)
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PValue

0.220
0.025

<0.001
<0.001
<0.001

0.175
0.173
<0.001
<0.001
<0.001
0.174
<0.001
<0.001
0.058
<0.001

Table 4.8: Final multilevel mixed-effects linear regression model for daily lying time (hr/d)
for 187 calves on 150 Kenyan smallholder dairy farms.
Variable
Coefficient
95% CI
P-Value
Superficial lymph nodes enlarged
No
Reference
Yes
0.420
0.034, 0.806
0.032
Wood shaving/ sawdust/ crop waste used
as beddings
No
Reference
Yes
0.585
0.334, 0.836
<0.001
Body condition score (1-5)
0.385
0.176, 0.594
<0.001
Social type of housing
Individual
Reference
Group
-0.307
-0.573, -0.041
0.033
Rubber mat in use at the time of farm visit
No
Reference
Yes
-0.427
-0.701, -0.153
0.002
Age of calf during the farm visit (days)
-0.010
-0.012, -0.009
<0.001
Floor cleanliness
Dirty
Reference
Clean
1.010
0.606, 1.415
<0.001
Age of calf during farm visit
0.003
0.001, 0.005
0.002
* Floor cleanliness
Elevated slatted floor
No
Reference
Yes
-0.046
-0.720, 0.629
0.894
Roof intact
No
Reference
Yes
0.680
0.396, 0.964
<0.001
Elevated slatted floor * Roof intact
0.812
0.072, 1.522
0.032
Variance between calves
Variance within calves

0.468
2.212
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0.293, 0.748
1.991, 2.459

n/a
n/a

Table 4.9: Univariable multilevel mixed-effects linear regressions for variables (P<0.30)
associated with the natural log of frequency of lying bouts (n/d) of 187 calves on 150
Kenyan smallholder dairy farms.
Variable
Category #observations Median Coefficient
(%)
lying
bouts
Marital status of the principal
Married
130 (86.7)
11.3
Reference
farmer
Single/
20 (13.3)
12.3
0.118
Widowed
Attended any dairy farmer
No
63 (42.0)
11.3
Reference
training previously
Yes
87 (58.0)
11.3
0.044
Presence of elevated slatted floor
No
769 (84.3)
11.3
Reference
Yes
143 (15.7)
11.3
0.066
Roof intact
No
270 (29.6)
10.8
Reference
Yes
642 (70.4)
11.3
0.104
Wood shaving/ sawdust/ crop
No
578 (63.4)
11.0
Reference
waste used as beddings
Yes
334 (36.6)
11.7
0.113
Herd size
0.007
2
Floor area of the calf pen (m )
0.004
Rectal temperature (oC)
0.041
Body condition score
0.128
Environmental improvement
Control
Reference
Interventi
-0.031
on
Rubber mat in use at the time of
No
651 (71.4)
11.3
Reference
farm visit
Yes
261 (28.6)
11.3
-0.116
Presence of dam-calf connection
No
252 (27.6)
12.0
Reference
Yes
660 (72.4)
11.3
-0.071
Type of social housing
Individual
540 (59.2)
11.3
Reference
Grouped
372 (40.8)
11.5
-0.054
Floor cleanliness
Clean
366 (40.1)
12.7
Reference
Dirty
546 (59.9)
10.7
-0.232
Calf sometimes tethered
No
769 (84.3)
11.3
Reference
Yes
143 (15.7)
11.0
-0.167
Age of the of the principal farmer -0.001
(years)
Experience in dairy farming
-0.003
(years)
Age of the animal during the farm -0.001
visit (days)
Body weight (kg)
-0.002
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PValue

0.006

0.130
0.070
<0.001

<0.001
0.011
0.220
0.042
<0.001
0.271

<0.001
0.019
0,055
<0.001
0.066
0.194
0.029
<0.001
<0.001

Table 4.10: Final multilevel mixed-effects linear regressions model of natural logarithm of
frequency of lying bouts (n/d) for 187 calves on 150 Kenyan smallholder dairy farms
Variable
Coefficient
95% CI
P-Value
Body condition score

0.145

0.099, 191

<0.001

Rubber mat in use at the time of farm visit
No

Reference

Yes

-0.087

-0.141, -0.032

0.002

Experience in dairy farming (years)

-0.002

-0.005, -0.001

0.035

Body weight of the calf

-0.002

-0.002, -0.001

<0.001

0.062, 0.171

<0.001

Floor cleanliness
Clean

Reference

Dirty

0.117

Calf sometimes tethered
No

Reference

Yes

-0.173

-0.261, -0.084

<0.001

Floor cleanliness* Calf tethered

0.204

0.075; 0.333,

0.002

Variance between calves

0.010

0.005, 0.021

n/a

Variance within calves

0.113

0.101, 0.125

n/a
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CHAPTER 5: IMPACT OF CALF HOUSING IMPROVEMENT AND FARMER
TRAINING ON FINANCES, MANAGEMENT AND ANIMAL WELFARE
PERCEPTIONS OF KENYAN SMALLHOLDER DAIRY FARMERS
5.1. Abstract
The present study estimated the changes in economics and farmer perceptions
towards animal welfare as a result of implementing: 1) low-cost housing enhancements;
and 2) changes in calf management on Kenyan smallholder dairy farms. This trial involved
187 heifer calves from 150 farms in two Kenyan counties, 75 farms per county. The
intervention included:1) filling floor holes if the calf was on the ground or repairing
wooden slats if the calf was on an elevated floor; 2) introduction of rubber mats on the
lying area; 3) ensuring a floor gradient for drainage; 4) patching leaking roofs; and 5)
youngstock care training. Animal- and farm-level characteristics were collected
bimonthly for up to 16 months. Partial budgeting was used to assess the additional costs
and benefits associated with the intervention for heifer calves from birth to 15 months old.
Data gathered from questionnaire on the first and sixth visits was used to determine the
change in management and farmer perceptions. There was a significant reduction in age
at first introduction of concentrate, rise in the amount of concentrate offered to calves at
weaning, and a significant increase in the age of calves at first deworming and acaricide
application. The frequency of manure removal from the calf-pen and the amount of
colostrum given to a calf in the first 6 hours of life increased significantly. A majority of
the farmers strongly agreed with statements regarding animal welfare pre-intervention,
and the proportion of intervention farmers strongly agreeing with statements regarding
calves feeling pain, loneliness, boredom, fear, and anger significantly increased when
comparing post-intervention versus pre-intervention responses. The net financial return of
160

undertaking the housing and management improvements was positive at Ksh 6,594 (USD
65.94) per heifer, based on having a larger heifer at 15 months, reduced bedding and
medical care costs, and lower risk of death. We conclude that calf housing improvements
and on-farm training on calf care are cost-effective and improve management and animal
welfare perceptions of farmers.
Key words: Smallholder dairy; partial budget analysis; housing improvement; training

5.2. Introduction
In Kenya, dairy cattle are primarily kept in a smallholder production system, which
accounts for over 80% of dairy cattle, producing over 56% of total milk (Odero-Waitituh,
2017). The sector operates in a highly dynamic environment characterized by shrinking
landholdings and increasing intensification, exposing already constrained farmers to
enormous limitations that affect the health, production and welfare of animals (Bebe,
2003). Smallholders mainly keep smaller herds (1-10 cattle) of exotic breeds, Friesian and
Ayrshire, that are managed through zero-grazing, which are more dependent on external
inputs and services (Bebe et al., 2002; VanLeeuwen et al., 2012). Due to production
constraints, justification of any cost is essential for any farm-level changes.
Smallholder zero-grazing dairy farming varies considerably in design and
management practices (Nguhiu-Mwangi et al., 2013). Sub-optimal performance in the
herd is mainly attributed to diseases and poor nutrition and housing (Aleri et al., 2012).
Housing is critical to providing a comfortable environment, and cattle, especially the
youngstock, demand more suitability in design, construction, and management because
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the housing environment easily compromises animal comfort (Nguhiu-Mwangi et al.,
2013). Additionally, proper housing management enhances sanitation, prevents roof
leakage and run-offs, and provides comfort to animals by preventing injuries and diseases.
Insufficient number of replacement heifers is one of the significant limitations to
the development of smallholder dairy production; therefore, farmers mainly rear their
dairy replacements, or they purchase them from other smallholdings to improve
proportions of heifers growing into productive cows (Bebe, 2008). The efficiency of
rearing heifer calves is a critical determinant in maintaining herd sizes, improving the
genetic quality of the herd, and remaining economically sustainable (Hawkins et al.,
2019). How farmers support and care for heifer calves significantly influences their
growth (Makau et al., 2019a), health (Gitau et al., 1994), and welfare (Kathambi et al.,
2018). Recently, our research team revealed that roof and floor improvement of calf
housing increased daily weight gain by 5.6% in the post-weaning period (Chapter 3).
Improved animal comfort reduces the stress level in calves, enhances immune function
and subsequently increases weight gain (De Paula et al., 2010). Environmental
improvements, therefore, have a positive impact on calf performance, which can be
demonstrated through partial budget analysis.
In developing countries, studies on the effectiveness of training for farmers have
shown that few programs achieve success because of the tendency toward excessively
concentrating on a particular technology transfer rather than a broader spectrum of farmer
empowerment, including knowledge dissemination (Oreszczyn and Carr, 2010).
Improving the knowledge of farmers through on-farm training has been reported to be
more valuable than the provision of financial support in terms of raising production and
162

income (Murshed-E-Jahan and Pemsl, 2011). While different approaches of farmer
training have been studied, including the use of mobile phones (Makau et al., 2018).
Kathambi et al. (2019) reported that identifying specific on-farm inadequacies and
providing a participatory role in modification led to good acceptance, implementation, and
overall animal comfort. Therefore, on-farm farmer training targeted at specific
management or facility changes can be a sustainable way of knowledge transfer, attitude
change, and enhanced practices due to long-term retention.
While building on five freedom provisions, Mellor (2017) has advanced a fivedomain model for assessing animal welfare. The model incorporated four predominantly
physical/functional domains of “nutrition”, “environment”, “health” and “behaviour”, and
a fifth “mental” domain. The mental domain refers to specific subjective experiences
(affects or affective states) which means how an animal feels, and can be negative or
positive (Webb et al., 2019). Such affects may include anxiety, fear, panic, frustration,
anger, helplessness, loneliness, boredom, and depression (Mellor, 2016). Little research
has been conducted on smallholder dairy farmers’ perceptions of these affective
experiences and how they relate to housing design and management, but one would expect
that farmers would provide comfortable housing if they believe that animals can feel pain
and other affective states similar to people.
Though a lot has been done to demonstrate increased milk yield and improved
comfort with enhanced management in cows on smallholder farms (Makau et al., 2019b;
Kathambi et al., 2019), little is known about the economic effects of improved calf care.
The housing environment is second to nutrition when it comes to achieving improved
growth, health, and welfare (Costa et al., 2019). Knowing that smallholder farmers suffer
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scarcity of resources, demonstrating economic benefits of management changes through
partial budgeting to care for animals better through improved housing can be very
effective. This study was designed: 1) to estimate the economic effect of implementing
low-cost housing enhancements and change in management when raising a 15-month
heifer (desired age at first breeding if large enough); and 2) to determine farmer
perceptions towards affective welfare on Kenyan smallholder dairy farms. Understanding
the magnitude of changes in farmers’ perceptions and practice changes over the study
would be a useful adjunct to financial implications of housing improvements in planning
future farmer training to improve overall calf/heifer care (Wambui et al., 2018). There
were no published estimates of the economic effects of improved calf housing for calves
and heifers on smallholder dairy farms in the tropics. Therefore, the following methods
describe, in brief, the methods from a housing trial conducted for calves and heifers on
smallholder dairy farms in Kenya (Chapter 3), with a focus on the economic components
and farmers’ perceptions of affective states.

5.3. Materials and methods
5.3.1. Ethical approval
This study was approved by the Research Ethics Board and the Animal Care
Committee of the University of Prince Edward Island. The study was explained orally to
all participants, and signatures for informed consent were obtained from all the
participants in the study.
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5.3.2. Description of the study area
The study was carried out in 150 farms from two neighboring counties in central
region of Kenya: Kiambu (75 farms) and Murang’a (75 farms). These counties experience
an average annual environmental temperature of about 18-20 °C and an average rainfall
of 962-1195 mm/yr. Murang'a has an estimated human population of 1,056,640 (KNBS,
2019) and an area of 2,558.8 km², with an altitude of between 914 and 3,353 m, while
Kiambu has an estimated population of 2,417,735 (KNBS, 2019) with an area of 2,543.5
km² and an altitude of 1200 to 2550 m. The region has experienced considerable
development in dairying due to its ready access to a large urban market (particularly
Nairobi city) and the existence of local milk processing facilities.
5.3.3. Study population and data collection
The farms in this study were involved in a randomized controlled trial, in which
housing improvements for calves and heifers were implemented on smallholder dairy
farms in Kiambu County, and control farms were in Murang’a County. Housing
improvements administered to intervention farms included: 1) filling floor holes if the calf
was on the ground or repairing wooden slats if the calf was on an elevated floor; 2)
introduction of rubber mats on the lying area; 3) ensuring a floor gradient for drainage,
and 4) patching leaking roofs. Also, farmers were trained on general care of heifer calves
targeted at nutrition, disease control, and affective experiences. Recommendations on the
use of bedding (e.g. sawdust), were given to intervention farms to maintain flooring
dryness only (2 kg/day/animal); this was approximately half of the amount used for both
dryness and softness (4-5 kg/day/animal).
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Each study animal was routinely monitored every two months for up to 6 farm
visits from July 2018 to October 2019. Data on animal and farm characteristics preintervention were collected using a face-to-face questionnaire to determine that the two
study groups were similar at the start of the trial (Table 5.1 and 5.2). Study animals
underwent clinical examinations, and data were collected on farm management practices,
health, and veterinary interventions. Bodyweight (kg) via girth measurements (cm) was
recorded at recruitment and during all visits.
Data on farm specific management practices for calves and heifers for this study
were also acquired using a face-to-face questionnaire on all enrolled farms before the
invention started (visit 1), and on all farms that completed the six planned visits of the
intervention. The questionnaire included: age at concentrate introduction, concentrate
amount at weaning, age and frequency of anthelmintic and acaricide application,
frequency of manure removal, and amount of colostrum fed in the first 6 hours (Table 5.3
and 5.4). Also captured were likert scale data about farmers’ perceptions of animals'
affective experiences, such as pain, loneliness, boredom, fear, anger, happiness, and
animals’ right to live in a clean and comfortable environment.
5.3.4. Data management and statistical analysis
Data from the questionnaires were entered into MS Excel 2010 (Microsoft,
Sacramento, California, USA), cleaned and coded. Analysis for statistically significant
(P≤0.05) differences between the intervention and control groups, and pre- and postintervention data within groups was performed using STATA (version 15.1, Stata Corp.,
College Station, TX). Descriptive statistical analysis (summarizing means, and standard
deviation) was done for continuous variables. Categorical variables were also summarized
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using percentages. Significant differences between intervention and control groups among
these likert responses and demographic and other characteristics were determined using
the Student's t-test (or paired t-test for differences within groups over time) and test of
proportion (z statistic).
Partial budget analysis was used to estimate the benefits (additional revenues and
costs no longer incurred) and costs (additional costs and revenues foregone) of
implementing the intervention over the first 15-month period of a calf’s life. The analysis
was done at the animal level and was based on the approach suggested by Rushton et al.
(1999). All financial calculations are presented in Kenyan shillings and US Dollars, using
market prices at the time of the study. Where a benefit or cost has a subjective element,
an expert panel was utilized to assist in the subjective estimate. The expert panel
comprised of 1) an experienced smallholder dairy farmer; 2) a cattle dealer involved in
buying and selling cattle; and 3) an experienced area veterinarian.

5.4. Results
5.4.1. Animal and farm characteristics
One hundred and eighty-seven heifer calves on 150 farms were enrolled between
July 2018 and February 2019 and followed every two months for up to 477 days. Tables
5.1 and 5.2 provide descriptions of the smallholder dairy farms in the intervention and
control groups pre-intervention. There was no baseline difference between intervention
and control groups in the number of adults per household, age of principal farmer, years
of experience in dairy farming, overall proportion of income from dairy farming, floor
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area of the calf pen, average weaning age, calf age at enrolment, gender/marital status of
the principal farmer, previous attendance at dairy training, calf breed and dam parity
number (Tables 5.1 and 5.2). Only the gross income from milk sales and herd size were
significantly different between the two groups (Table 5.1).
For the 75 intervention farms, all were provided with the rubber mat for the
enrolled calf, and all required levelling of the floor gradient, although only 59% of farms
required holes or slats to be levelled. One third of farms required roof repairs.
5.4.2. Effects of intervention on farm practices and farmer perceptions
There were only 91 farms that were visited six times during this study, primarily
because recruitment took longer than expected. Other minor reasons for losses included
farmer relocation, voluntary withdrawal from study, animal death, and sale of trial animal.
In Tables 5.3 and 5.4, the calf management characteristics that were the focus of
attention during the intervention program demonstrated statistically significant
improvements in the intervention group compared with the control group. Of the
intervention farms, the frequency of daily manure removal from the calf-pen increased
from 43% to 98%, while giving calves more than 3 liters of colostrum in the first 6 hours
increased from 50% to 59%, and both were statistically significant. Furthermore,
intervention farmers were advised on other management practices during the study, and
there was a significant reduction in age at first introduction of concentrate, increase in
amount of concentrate offered to calves at weaning, and increase in the age of calves at
first anthelmintic and acaricide application on the intervention farms.
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The percentage of farmers’ responses to various affective welfare statements
focussed on calves and heifers are presented in Table 5.5. Overall, most of the farmers
strongly agreed with statements regarding perceptions towards animal affective
experiences in both the control and intervention farms at pre- and post-intervention. While
the responses from the control group stayed the same from start to finish of the trial, the
intervention group demonstrated a statistically significant increase over time in the
proportion of farmers strongly agreeing with the statements regarding calves and heifers
feeling pain, loneliness, boredom, fear and anger.
5.4.3. Financial analysis
For the partial budget analysis, additional revenues represented the new revenues
generated with the introduction of the intervention. In our case, this represented the extra
income gained if the farmer was to sell an intervention heifer at 15 months compared with
a lesser weight heifer from the control group at the same age. Our study (Chapter 3)
showed that the birth weight averaged 43.7 kg (estimates based on the weight of Friesian
calves that were less than three days old) with preweaning (≤90 days) and post-weaning
growth rates of 0.32 and 0.51 kg per day, respectively. It also showed that the intervention
increased daily weight gain post-weaning by 5.6% compared to the control group, leading
to 15-month heifers weighing 266.4 kg and 256.1 kg for intervention and control calves,
respectively. To be ready for first breeding, heifers should be 15 months of age and
achieve 60% (270 kg) of the mature body weight (which averaged 450 kg and ranged
between 400 and 500 kg). The expert panel consensus indicated that a farmer could be
able to sell the 15-month intervention heifer at 266 kg for Ksh 5000 (USD 50.00) more
than the 15-month control heifer at 256 kg (additional revenue in Table 5.6).
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Costs no longer incurred (Table 5.6) are represented by costs incurred on the
control farms but avoided when the intervention was introduced. Such costs in our study
included: 1) lower volume of bedding materials (sawdust/ wood shavings); 2) lower
veterinary medicine costs; and 3) lower mortality risk compared to control farms, as
explained below.
On average, farmers in the control group reported using 70 kg of sawdust/wood
shavings per calf per month, which costs Ksh 600 (USD 6.00) per month. With the
introduction of a rubber mat, the use of sawdust/wood shavings was reduced by half on
most intervention farms, costing the farmer only Ksh 300 (USD 3.00) per month. Some
farmers completely stopped the use of bedding when the mat was introduced, leading to a
lying area that was mostly wet, demonstrating that farmers need to continue to use some
organic bedding on the mats to maintain the dryness of the lying area.
Regarding veterinary costs, Table 5.3 and 5.4 shows the significantly delayed first
deworming and acaricide application associated with the reduced risk on intervention
farms. The education part of our intervention led to an increased age at first deworming
by 7.3 weeks, indicating one less deworming, costing about Ksh 250 (USD 2.50). Also,
the age at first acaricide application increased by 7.8 weeks in the intervention group,
meaning one less acaricide application, costing about Ksh 100 (USD 1). The cost saved
on acaricides and anthelmintics was therefore estimated at 350 per animal for the
intervention farms.
Regarding mortality risk, our study (Chapter 3) showed that 12.4% (11/89) of
heifer calves died in the control group compared to 5.1% (5/98) in the intervention group.
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While other factors may have contributed to some of the difference in mortality risk, with
the similarities in farm characteristics (Tables 5.1 and 5.2), we assumed that the mortality
risk was reduced by 6 calves to our intervention group of 75 farms. The average age at
mortality was 20 weeks, and the expert panel suggested that the value of a 20-week-old
calf was Ksh 20,000 (USD 200.00). Therefore, the average mortality cost savings per farm
were derived from the difference between the number of dead calves for the intervention
and control groups (11-5=6) multiplied by the possible sale price of heifers at 5 months
(6 calves * Ksh 20000 (USD 200.00) = 120, 000 (USD 1200.00)), divided by the 75 farms
(Ksh 120,000 (USD 1200.00)/75= Ksh 1600 (USD 16.00)/farm).
Additional costs represented those costs of implementing the intervention. The
project provided the rubber mats and some repair materials where purchases were needed.
Much of the repair materials (i.e. roofing iron sheets, timber, nails) were available on the
farm (confirming that the improvements were practical). Both the researchers and farmers
provided the repair labor. However, for this financial analysis, we assumed the farmer
paid all of these costs. The 3’ by 5’ rubber mat cost was Ksh 1800 (USD 18.00) (retail
market value), and based on our study, the average cost associated with the pen repairs
was Ksh 500 (USD 5.00) (additional costs in Table 5.6). There was no cost associated
with the management recommendations because that was strictly the researcher’s time,
and it was assumed that the intervention farmers could access this information from local
extension officers, dairy training sessions and/or manuals found online. Based on the calf
management training, the intervention farmers reported starting calves on concentrate 3.4
weeks earlier than their pre-intervention timing and 5.1 weeks earlier than the control
group farmers post-intervention. Furthermore, the amount of concentrate reported being
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fed at weaning post-intervention was significantly higher in the intervention group by 1.3
kg/day at 3 months of age. Since there was no difference in these amounts in the control
group over time, or between the control and intervention groups per-intervention, the
difference over time in the intervention group was utilized for calculations. Using the retail
cost of Ksh 32 (USD 0.32) per kg of commercial concentrate for calves, we estimated that
a calf would consume 27.4 kg more over the additional 3.4 weeks (assuming the 1.3 kg
increase in concentrate from 0.5 to 1.8 kg/d over the 3.4 weeks would occur gradually:
therefore the mean concentrate intake during the 3.4 weeks was 1.15 kg/d ((0.5 + 1.8) / 2)
multiplied by 3.4 wk * 7 d), costing Ksh 876.8 (USD 87.48) (27.4 kg * Ksh 32 (USD
0.32) / kg).
Foregone revenues represented the revenue available to the control group that was
lost in the intervention group when the intervention is implemented. In our case, the
reduced use of bedding materials, such as sawdust/wood shavings, on the intervention
farms meant that the quantity of bedding/manure mix was reduced by half. Therefore, the
income from the sale of the bedding/manure mix would be reduced by half. The expert
team estimated that an animal from birth to 15 months would produce manure that can be
sold at Ksh 3000 (USD 30.00) in total; thus, half of it would be Ksh 1500 (USD 15.00)
(Table 5.6).
The total benefits (Ksh 11,450 or USD 114.50) of the intervention were calculated
as the sum of the additional revenue and costs no longer incurred. The total costs (Ksh
4,856 or USD 48.56) were the sum of the foregone revenues and additional costs. The net
benefit of the intervention was calculated as the difference between the total benefits and
total costs. Overall, a net profit of approximately Ksh 6594 (USD 65.94) per heifer was
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accrued because of undertaking the specific housing improvements and farmer training on
the smallholder dairy farms (Table 5.6).

5.5. Discussion
This study documents the magnitude of net financial benefits and changes in
smallholder dairy farmer perceptions and practices in Kenya after a calf/heifer welfare
improvement program focused primarily on housing. Overall, our intervention yielded
substantial profit and a positive impact on farmer perception and practices. For instance,
intervention contributed to improved health and welfare, increased daily weight gain, and
higher market value at fifteen months' age. Also, on-farm training by way of guided calfcare lead to improved farmer attitudes and practices. The accrued benefits are an important
incentive to the smallholder farmers to promote calf comfort through housing
improvement and general calf care.
The observed changes towards early introduction of concentrate (e.g. calf starter
with at least 18% protein) to heifer calves, and increased quantity of concentrate eating at
weaning, are positive changes towards improving calf nutrition and growth. In a related
study, we reported that the early introduction of commercial concentrate supplements
significantly improved daily weight gain (Chapter 3). This improved weight gain is
explained by hastening rumen papillae development, which accelerates absorption to
enhance growth (Reddy et al., 2017). The increased amount of concentrate at weaning
provided a supplemental protein source at the time when milk feeding is being withdrawn.
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The delay in anthelmintic and acaricide treatments to calves is a strategic decision towards
minimizing unnecessary costs. In a related study (Kimeli et al., 2020), we reported that
helminths and tick infestations were not a threat to the zero-grazed heifer calves at less
than one year old. We believe that the prudent reduction in anthelmintic and acaricide use
was observed in the intervention group of this study and would lower the costs of the farm
operation. The conservative estimates utilized in the partial budget for these lower costs
were based on the average delays reported in Table 5.3, but there could be even higher
cost savings (higher net benefit) if we included delays to 1 year of age in zero-grazed
calves.
The increase in both the amount of colostrum fed to calves in the first 6 hours and
the frequency of manure removal from the calf-pens suggests a deliberate decision to
strengthen calf immunity and improve hygiene. A study on gastrointestinal parasites
(Kimeli et al., 2020) reported an association between coccidia infection and hygiene status
of the calf housing, which implies that poor sanitation in the calf housing areas increases
calf exposure to coccidia oocysts. Adequate and timely ingestion of high-quality
colostrum is the most critical factor affecting both short- and long-term performance of
calves, as it significantly impacts the passive transfer of immunity and calf ability to
overcome early infections (Williams et al., 2014).
Most farmers strongly agreed with statements relating to affective experience in
calves and heifers (Table 5.5). However, intervention farms showed a consistent increase
in proportions strongly agreeing post-invention compared to pre-intervention, implying
that farmers’ views on animal affective experience improved during the course of the
intervention. These changed perceptions could partly explain the positive impacts of how
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the farmers cared for their calves and heifers (Tables 5.3 and 5.4). For instance, frequency
of manure removal was significantly (p<0.05) associated with farmer perception of calves
and heifer feeling pain and hunger. Farmer perceptions have been shown to affect how
farmers treat their animals, and the environment they provide their animals, which can
impact productivity (Kauppinen et al., 2013). Future research should explore whether
these perceptions are long-lasting, and if so, whether the improved care is also longlasting.
5.5.1. Financial analysis
The financial analysis (Table 5.6) comparing the presence or absence of
intervention effects on calf performance showed a net benefit, which indicated that the
implementation of housing improvement and specific calf management from the time a
calf is born has financial benefits to the farmer. The higher daily weight gain, reduced use
of other bedding materials, reduced cost of veterinary service and medicines, and decrease
in mortality in the intervention group implies that housing improvements for newborn
heifers have economic benefits. The most substantial savings were due to a decrease in
requirements of bedding materials such as sawdust or wood shavings. Elsewhere,
improved hygiene in calf pens occasioned by housing upgrades had far-reaching effects
in optimizing growth and reducing disease and deaths (Fentie et al. 2020). Gitau et al.
(2010) identified gastrointestinal and respiratory conditions as a leading cause of calf
mortality in the Nairobi peri-urban area, and they suggested suitable housing as a possible
remedy- also supported by our financial analysis. It is, therefore, clear that improved
management approaches have a significant benefit on the overall performance of heifer
calves (Santos and Bittar, 2015).
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Building a modern dairy unit is not a suitable option for smallholders as they
struggle with a scarcity of resources and underperformance (Kilungo, 1999). Therefore,
low-cost and more uncomplicated housing improvements should be considered, coupled
with better management. Many study farmers reared their calves in either a makeshift or
old dilapidated unit with a damaged roof and uncomfortable flooring. Rubber mats have
the benefit of increasing the softness of flooring and reducing the adverse effects of hard
flooring (Norring et al., 2010). Additionally, good quality rubber mats can last for years
and provide useful benefits to calves while reducing annual bedding and wood floor repair
costs.
The intervention started with improvements for the newborn heifer calf to ensure
steady growth pre- and post-weaning to achieve target live weights at insemination and
first calving. Additional benefits from the intervention during the first 15 months of life
would be the improved reproductive performance of the heifer and lifetime productivity
of the cow; thus, increased long-term returns from the intervention investment.
Undersized heifers can lead to low conception rates and increased calving difficulties, and
reduced life-time milk production (Wathes et al., 2014). Furthermore, small heifers may
even be culled for poor performance post-calving, and all of these productivity concerns
could potentially be costs no longer incurred with a successful intervention. As a result, it
is likely that the net benefit in our study is an underestimation. Quantifying additional
revenue due to improved early conception and milk yield at calving would be an
opportunity for future research.
This partial budget focused on the financial costs and benefits of the intervention,
but clearly there were also non-financial benefits of the intervention. Based on the changed
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perceptions toward affective welfare of the calves among the intervention farmers, there
would be some welfare improvements from the intervention. Some of these welfare
benefits, such as increased lying time, improved floor cleanliness and better animal
hygiene scores, have been documented in a related study (Chapter 4).
Among the limitations to our study were losses to follow-up both in the
intervention and control groups, reducing the final sample size and power of this study.
The reasons for farmers not completing the study were farmer relocation (n=4), voluntary
withdrawal from the study (n=5), animal death (n=16), sale of animal (n=22), and late
enrolment (n=40). However, none of these reasons was deemed to have biased the study
results because the lost animals and farms were unrelated to the factors and outcomes
examined. Also, the respondents may have agreed to perception issues because they
thought the responses were what they were supposed to answer, leading to a possible
social desirability bias. However, the improvements in perceptions in the intervention
group would not likely be related to this bias.

5.6. Conclusions and recommendations
The benefits clearly outweighed the intervention costs of the housing improvement
and calf care recommendations during the first fifteen months of a heifer calf’s life on the
smallholder dairy farms in Kenya. The perceptions of the farmers towards animal affective
experiences also improved during the intervention, and this has, and should continue to,
lead to better management, growth, and improved incomes to the farmers. The
intervention should be considered by farmers, veterinarians and extension service
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providers. We also recommend further research to quantify the long-term effects of the
improved housing, farmer training and affective perceptions on reproduction indices and
lactation performance.
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Table 5.1: Summary of continuous variables of animal and farm characteristics preintervention for 187 calves on 150 Kenyan smallholder dairy farms.
Intervention Group
Control Group
Continuous Variables
#
Mean
SD
# Mean
SD
P-value
Number of adults per household
75
2.6
1.4
75
2.9
1.1
0.204
Age of principal farmer (yr)
75
53.1
12.7
75
49.9
12.5
0.131
Experience in dairy farming (yr)
75
19.5
13.7
75
15.5
10.6
0.052
Overall proportion of income
75
47.4
20.8
75
51.4
27.3
0.322
from dairy farming (%)
Gross income from milk sales
75
213.8
331.6
75 403.3 403.3
0.003
(USD) per month
Floor area of the calf pen (m2)
75
3.8
6.0
75
4.3
4.6
0.633
Average weaning age (wk)
75
13.5
4.9
75
13.2
3.1
0.647
Herd size
75
4.5
3.5
75
6.9
5.3
0.001
Calf age at enrolment (d)
89
26.5
15.7
98
24.8
19.5
0.508
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Table 5.2: Summary of categorical variables of animal and farm characteristics preintervention for 187 calves on 150 Kenyan smallholder dairy farms.
Categorical Variables
Category
Intervention
Control
PGroup
Group %
value
% (n/N)
(n/N)
Gender of the principal farmer

Male
Female
Marital status of the principal farmer Married
Single
Widowed
Attended any dairy farmers training No
previously
Yes
Calf breed
Friesian
Ayrshire &
Jersey
Dam parity number
1
2
≥3
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49.3 (37/75)
50.7 (38/75)
85.3 (64/75)
8.0 (6/75)
6.67 (5/75)
41.3 (31/75)
58.7 (44/75)
94.4 (84/89)
5.6 (5/89)

50.7 (38/75)
49.3 (37/75)
88.0 (66/75)
4.0 (3/75)
8.0 (6/75)
42.7 (32/75)
57. 3 (43/75)
86.7 (85/98)
12.4 (12/98)

0.870

30.3 (27/89)
28.1 (25/89)
41.6 (37/89)

23.5 (23/98)
27.6 (27/98)
49.0 (48/98)

0.544

0.571

0.869
0.110

Table 5.3: Means (+SD) and differences in calf management characteristics of 91 (Control=
47; Intervention= 44) smallholder dairy farms at pre- and post-intervention visits.
Description
Category
PrePostPintervention
intervention
value
Age at first concentrate feeding Control
7.3±8.1
7.1±8.1a
0.889
(wk)
Intervention
5.4±3.9
2.0±1.3b
<0.001*
Amount of concentrate given at Control
0.6±0.8
0.7±0.8 a
0.711
weaning (kg/d)
Intervention
0.5±0.4
1.8±0.8 b
<0.001*
Age at first anthelmintic
Control
15.8±7.5
20.3±27.8
0.286
application (wk)
Intervention
16.6±11.6
23.9±8.9
0.001*
Interval between anthelmintic
Control
12.5±7.0
12.9±7.2
0.816
application (wk)
Intervention
11.2±6.4
12.1±2.2
0.403
Age at first acaricide
Control
20.2±11.2
20.4±11.1 a
0.912
application (wk)
Intervention
20.7±13.4
28.5±11.0 b
0.004*
Interval between acaricide
Control
9.2±5.4 a
9.6±5.7 a
0.766
b
applications (wk)
Intervention
12.8±9.6
15.0±10.1 b
0.278
a
Age at weaning (wk)
Control
12.3±1.0
12.6±1.6
0.359
Intervention
13.6±3.8 b
12.5±1.8
0.103
a,b
Represent intervention and control groups that are significantly different at either the preintervention or post-intervention stage
*

Represent p- value <0.05
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Table 5.4: Proportions and difference in manure and colostrum management of calves in 91 (Control= 47; Intervention= 44) smallholder
dairy farms at pre- and post-intervention visits.
Control (n= 47)
Intervention (n=44)
Description
Category
PrePostPrePostintervention intervention
intervention intervention
Amount of colostrum given
<2 L (25.3%)
12.8
14.9
38.6
11.4
in the first 6 hours (L)
2-3L (9.9%)
8.5
17.0
11.4
29.6
>3 L (64.8%)
78.7
68.1
50.0
59.1
p-value
0.764
<0.001
Frequency of manure
removal from the calf pen

Every day (27.5%)
Thrice a week or less (47.2%)
Twice a month or less (25.3%)
p-value

12.8
59.6
27.7

14.9
63.8
21.3
0.412
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43.2
34.1
22.7

97.7
2.3
0.0
0.005

Table 5.5: Differences in farmer perceptions towards affective welfare in 91 smallholder dairy farms preand post-intervention, by intervention and control groups.
Control (n=47)
Intervention (n=44)
Description
Category
PrePostPrePostintervention
intervention
intervention
intervention
Calves & heifers
strongly
0.0
0.0
0.0
0.0
can feel physical
disagree
pain the same as
disagree
2.1
2.1
0.0
0.0
humans
unsure
0.0
0.0
0.0
0.0
agree
2.1
2.1
9.1
0.0
strongly
95.7
95.7
90.9
100.0a
agree
Calves & heifers
strongly
0.0
0.0
0.0
0.0
can feel
disagree
loneliness the
disagree
0.0
0.0
0.0
0.0
same as humans
unsure
8.5
10.6
4.6
0.0
agree
2.1
2.1
15.9
2.3
strongly
89.4
87.2
79.4
97.7a
agree
Calves & heifers
strongly
4.3
4.3
0.0
0.0
can feel boredom disagree
the same as
disagree
2.1
2.1
4.6
0.0
humans
unsure
4.3
8.5
9.1
0.0
agree
6.4
4.3
25.0
6.8
strongly
83.0
80.9
61.4
93.2a
agree
Calves & heifers
strongly
0.0
2.1
0.0
0.0
can feel fearful
disagree
the same as
disagree
6.4
0.0
0.0
0.0
humans
unsure
2.1
6.4
0.0
0.0
agree
2.1
2.1
15.9
0.0
strongly
89.4
89.4
84.1
100.0a
agree
Calves & heifers
strongly
0.0
2.1
4.6
0.0
can feel anger the disagree
same as humans
disagree
4.3
2.1
6.8
0.0
unsure
12.8
12.8
13.6
4.6
agree
4.3
4.3
13.6
6.8
strongly
78.7
78.7
61.4
88.6a
agree
Calves & heifers
strongly
0.0
0.0
0.0
0.0
can feel happy the disagree
same as humans
disagree
0.0
0.0
0.0
0.0
unsure
0.0
2.1
0.0
0.0
agree
0.0
0.0
0.0
0.0
strongly
100.0
97.9
100.0
100.0
agree
Calves & heifers
strongly
0.0
0.0
0.0
0.0
have the right to
disagree
live in an
disagree
0.0
0.0
0.0
0.0
environment that
unsure
0.0
0.0
0.0
0.0
is clean and
agree
0.0
0.0
0.0
0.0
comfortable
strongly
100.0
100.0
100.0
100.0
agree
a

represent pre- and post-intervention proportions of farmers that strongly agreed and are significantly different
(p<0.05)
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Table 5.6: Partial budget analysis (in Kenya Shillings as of May 2020) and overall financial returns per animal unit for the first 15 months
of life due to housing improvement
Benefits
Quantity
Ksh /
Total
Costs
Quantity
Ksh/
Total
Unit
Unit
Additional revenues
Additional costs
Extra income from mature healthy 1 heifera
5000/
5000
Rubber mat (5 by 3 feet)
1 mat
1800
1800
heifer at 15 Months
heifer
Housing repair materials
1 unitc
500
500
and labour
Extra calf meal
33 kg
32
1056
Costs no longer incurred
Revenues foregone
Beddings saved per month, such as 15 Months
300
4500
Reduction in saleable
15 Months
100
1500
sawdust, wood shavings
manure per month
Purchase of acaricides and
1 calf
350
350
anthelmintics
Mortalities avoided
1 calfb
1600
1600
Total benefit
11450
Total cost
4856
Net benefit (cost)
6594
a
represents the added value from one heifer
b
represents the portion of a dead calf avoided per farm, on average
c
represents the average additional costs per farm
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CHAPTER 6: CONCLUSION
6.1. Introduction
Heifer calf rearing is a long-term investment, and best management practices
should be applied to ensure the availability of future replacement stock and herd
sustainability. For calves on smallholder dairy farms in developing countries (including
Kenya), little is known about time-to-onset of infection with gastrointestinal parasites,
affective calf welfare status (according to the Five Domains model – Mellor, 2017), and
cost-benefits of improving the housing environment and its impacts on daily weight gains
or lying time/bouts. This thesis sought to fill this knowledge gap in collaboration with the
following partners: the Sir James Dunn Animal Welfare Centre, the Atlantic Veterinary
College – University of Prince Edward Island, University of Nairobi, Kiambu and
Murang'a County governments, and farmer dairy cooperatives in Kenya. The overall
objective of this thesis was to determine the frequency, distribution, and determinants of
calf welfare status on smallholder dairy farms in Kenya and demonstrate the costs and
benefits of implementing low-cost enhancements, recommendations, and training for
better calf welfare.
First, a prospective cohort study was used to describe and determine animal- and
farm-level factors that were associated with time-to-onset and fecal counts of strongyletype eggs and coccidia oocysts in calves on zero-grazing smallholder dairy farms (Chapter
2). Secondly, a randomized controlled trial was used to evaluate the effects of practical
and affordable calf housing improvement on average daily weight gain during pre- and
post-weaning periods on smallholder dairy farms (Chapter 3). Thirdly, the same
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randomized controlled trial was also used to determine the effect of environmental and
comfort improvement on lying and sucking behaviours in heifer calves on smallholder
dairy farms (Chapter 4). Lastly, a partial budget analysis was performed to estimate the
economic effect of implementing low-cost housing enhancements and changes in
management when raising a 15-month heifer on Kenyan smallholder dairy farms (Chapter
5).
This chapter summarizes these four substantive chapters, and outlines the linked
discussion and recommendations of what was found during this thesis, and identifies
future research areas that could be carried out to further improve the calf/heifer
management, welfare and productivity on smallholder dairy farms in this and other areas
of Kenya.

6.2. Management factors associated with time-to-onset and fecal egg/oocyst counts
of gastrointestinal parasites in heifer calves on Kenyan smallholder farms
The specific objective of this study was to describe and determine animal- and
farm-level factors associated with: 1) time-to-onset, and 2) fecal counts of strongyle-type
eggs and coccidia oocysts in calves on zero-grazing smallholder dairy farms. This was a
prospective cohort study involving 187 newborn heifer calves from 150 zero-grazed
smallholder dairy farms in Kenya. The enrolment of farms to the study was enhanced after
a sensitization meeting with the farmers through their cooperative society. Farm-level
inclusion criteria were: 1) being in the target counties; 2) having at least one newborn
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heifer calf aged less than six weeks; 3) practicing zero-grazing; and 4) having less than
ten milking cows.
Over 16 months, farm visits done every two months were used to collect rectal
fecal samples and animal- and farm-level characteristics and measurements. Fecal
samples underwent centrifugal fecal flotation with Sheather's sugar to determine counts
of strongyle-type eggs (eggs per gram (EPG)) and coccidia oocysts (oocysts per gram
(OPG)). Descriptive statistical analyses were performed to summarize important
variables, while multivariable Cox proportional hazard (Cox PH) and multivariable
mixed-effects negative binomial (MeNB) regression were used to determine factors
associated with time-to-onset and counts of strongyle-type eggs and coccidia oocysts,
respectively (P<0.05), adjusting for clustering of visits within calves.
A total of 187 calves from 150 farms were enrolled between July 2018 and
February 2019. Calves were followed for up to 477 days with up to 6 on-farm assessment
visits done every two months. A total of 179, 165, 151 and 130 calves were examined on
second, third, fourth and fifth visits, respectively. Only 100 animals were assessed and
sampled six times. The reasons for loss to follow up were farmer relocation (n=4),
voluntary withdrawal from study (n=5), animal death (n=16), sale of animal (n=22) and
late enrolment (=40).
In this study, helminths with strongyle-type eggs and coccidia were the most
common endoparasites among the sampled calves, which has been reported in other
studies in other parts of Kenya (Waruiru et al., 2000; Callaby et al., 2015). These parasites
are known to depress growth rates in cattle when burdens are sufficiently high, which
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varies between parasite species (Kanyari et al., 2010). The overall incidence risks of
strongyles and coccidia over the study period were 28.3% (53/187) and 87.7% (164/187),
respectively. For infected calves, the median (and interquartile range) for time-to-onset
for strongyles and coccidia was 78 (IQR 38-117) and 43 (IQR 29-92) days, respectively.
Over all visits, the overall incidence rate of strongyles was 0.0011 cases/animal-day, and
for coccidia, it was 0.0073 cases/animal-day.
Haemonchus placei was the most common nematode in our study (based on L3
identification), and the level of infection was generally higher than all other helminths.
Eimeria bovis and E. zuernii were the most frequently encountered coccidia species of
calves in this study. Unfortunately, the importance of coccidiosis appears to be
underestimated by both veterinarians and farmers in this part of Kenya because no farms
showed an awareness of the coccidia problem through targeted control strategies, such as
the use of anticoccidial agents.
In the Cox proportional hazards (PH) analyses final models, there was a reduced
hazard of strongyle infection in weaned calves (older than 12 weeks) compared with those
not weaned. This was in agreement with the findings of Callaby et al. (2015), who reported
high strongyle infestation in young (age 1–11 weeks) compared to old (age 16–51 weeks)
calves grazed on pasture in Kenya. These findings suggest that strongylosis commences
in young calves at the tapering of milk intake, which may compromise animal immunity.
The study also revealed that sometimes tethering of calves on pasture led to an
increase in hazard for strongyle-type eggs. For tethering, farmers tied the animal on a peg
with a rope, and the peg was shifted from one location to another within the homestead.
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The availability of a well-grown pasture influenced the selection of the peg location. The
introduction of calves onto pasture has been shown to increase the hazard and burden of
strongylosis (Maria et al., 2011), especially in a previously grazed area. The intensive use
of land can be unavoidable in the smallholder setting where land size is small, and manure
remains uncollected or even spread around the farm without decomposition.
Also, in Cox PH analyses final models, the hazard for coccidia was high in calves
with watery or hemorrhagic diarrhea as compared to calves with soft or hard feces, which
agrees with previous findings (Dawid et al., 2012; Samrawit et al., 2017). The fecal
consistency may be a consequence of infection, but diarrhea might contribute to poor
hygiene within the pen. Poor sanitation in the calving pen and calf-housing areas favour
infection with coccidia (Samrawit et al., 2017). It is recommended that calves with severe
diarrhea should be isolated and treated with appropriate medicines to limit fecal
contamination.
The hazard of coccidia infection was also associated with the weaning status of
the calves, with an increase in hazard when the animal had been weaned. The strong
association of TTO of coccidia infection with the weaning status of the animal may be
attributed to prevailing stress post-weaning that compromises immunity, and therefore,
increases susceptibility and/or likelihood of coccidia shedding (Dawid et al., 2012).
The calves weaned at a later age had higher hazard for coccidia compared with
calves weaned at an earlier age. We also noted that farmers that weaned animals early
generally had a higher level of education. Richards et al. (2015) observed that farmers
with a higher level of education reported improved milk yield, possibly due to improved
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management. It may be that those farms that weaned animals early had good management
and hygiene, leading to minimized stress, stronger immunity, and lower infection rates.
In MeNB regression analyses of EPG, the calves that had been weaned in our study
had higher strongyle-type egg counts than those still on milk. This finding may be
attributed to the fact that weaned animals are more likely to ingest infective larvae together
with the forages consumed. In their study, Callaby et al. (2015) observed higher median
strongyle EPG in old (age 16–51 week) calves than young (age 1–11 weeks) calves,
possibly due to weaning, as calves were allowed to graze on pasture once weaned.
The study also showed that strongyle-type egg counts were higher in calves reared
in relatively large herds (>5 cows; n=76) than in small herds (≤5 cows; n=111). High
infection in large herds might be due to rapid fecal-oral spread of infection mainly by
contamination of feed and water troughs when animals are communally fed and
overcrowded (Nasir et al., 2009; Zerihun et al., 2017).
In MeNB regression analyses of OPG, there was an increased fecal oocyst count
in calves tethered on pasture compared to those kept in pens. Tethering locations could be
the source of infection because Lucas (2011) reported that soil samples analyzed from the
cattle's pasture contained coccidia oocysts and that 84% of the oocysts identified were
sporulated. This contaminated soil implies that pasture grazing and possibly tethering
practices both contaminate the environment and expose an animal to oocysts when they
are returned to lush grass spots where tethering occurred recently.
Feeding fresh Napier grass to calves also increased the OPG. Most farmers had
some land reserved for fodder growth, mainly Napier grass. Given the challenge of
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managing manure, most farmers disposed of the undecomposed manure to the fodder
fields. This manure may contaminate the Napier grass and thus increase the risk of
exposure of calves to oocysts. Since coccidia are transmitted by the fecal-oral route,
reducing the contamination of feed, water, or soil by performing regular sanitary measures
on manure through composting to allow biological sterilization by self-heating should be
considered as routine management practice (Soch et al., 2011).
There was a significant interaction between the pen floor design and calf fecal
consistency: calves with watery to hemorrhagic diarrhea had reduced counts when in pens
with elevated slatted floors compared with those on the ground. This interaction could be
because watery diarrhea seeps through the slats, not allowing fecal accumulation and
coccidia exposure (Bangoura et al., 2011).
This study reports a high incidence rate of coccidia (ten-fold compared with
strongyles) within the smallholder production system, with earlier time-to-onset of
infection and higher oocyst counts. On-farm management practices and farm
characteristics appear to have a role in time-to-onset of infection and egg/oocyst counts in
heifer calves. Kenyan smallholder dairy farmers should be trained to: 1) recognize the
importance of using parasiticides at the appropriate time related to the likely time-to-onset;
and 2) implement better management practices to limit the exposure and negative
consequences of GI parasite infections.
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6.3. Effects of housing improvements on the growth of heifer calves on Kenyan
smallholder dairy farms
A randomized controlled trial was designed to evaluate the effects of practical and
affordable calf housing improvement on ADG during pre- and post-weaning periods on
smallholder dairy farms. The intervention was implemented on smallholder dairy farms
in Kiambu County and control farms were those in Murang'a County. Due to likely
contamination of control group farms, randomization was achieved at the county level.
Such contamination would occur if the farms are located in the same area as intervention
farms, since housing improvement is something fixable by owners if/when control group
farmers visit intervention group farmers (Kathambi et al., 2019; Richards, 2017). The
intervention farms in the study received calf-pen floor improvements at the end of the first
farm visit, which included: 1) filling floor holes if on the ground or repairing wooden slats
if on an elevated floor; 2) introduction of rubber mats on the lying area; 3) ensuring a floor
gradient for drainage; and 4) patching leaking roofs.
The same 187 heifer calves from 150 smallholder farms were the study population
in this trial. They were recruited between July 2018 and February 2019 and followed for
up to 477 days, with up to 6 on-farm assessment visits done bimonthly. Baseline data on
calf characteristics, management practices, farmer training and demographics were
collected on the initial visit to determine the comparability of the two groups. During
every farm visit, routine clinical examinations on study calves were conducted, including
heart girth measurements (cm) for weight estimations (kg), and fecal samples were
collected per rectum. Fecal samples underwent centrifugal fecal flotation with Sheather's
sugar to determine the presence of strongyle-type eggs and coccidia oocysts and their
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potential effect on average daily gain. During the follow-up period after the intervention,
data on farm management practices, and veterinary interventions on the herd since the last
visit were collected.
For each animal, ADG was calculated as the difference between weights observed
on: 1) the third visit and first visit, divided by the number of days between the visits (model
I – pre-weaned); and 2) the sixth visit and third visit, divided by the number of days
between the visits (model II – post-weaned). Descriptive statistics and univariable mixed
linear regression analyses were conducted, and multivariable mixed linear regression
models were used for identification of factors associated (p < 0.05) with natural logarithm
of ADG and untransformed ADG for model I and II, respectively, again adjusting for
clustering of visits within calves.
There was no baseline difference between intervention and control groups in the
number of adults per household, age of principal farmer, years of experience in dairy
farming, overall proportion of income from dairy farming, gender/marital status of the
principal farmer, previous attendance at dairy training, floor area of the calf pen, average
weaning age, calf age at enrolment, calf breed and dam parity number. Therefore, the two
groups were considered to be very similar in nature. However, statistical multivariable
models still attempted to incorporate these variables to control for any residual
confounding that these variables might have on the results.
The overall ADG of the animals that completed the study was 0.429 kg/d
(SD=0.297), with a median of 0.365 kg/d. These ADGs are within the recommended target
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for smallholder dairy farms in Kenya (Lukuyu et al., 2012) but lower than the target for
developed countries (Radostits, 2001).
The calves examined in the pre-weaning period had a mean ADG of 0.324 kg/d
(SD=0.133; median= 0.307), while those in the post-weaning period (3rd to 6th visits) had
a higher mean ADG of 0.510 kg/d (SD=0.220; median= 0.487). This age-based result is
contrary to observations by Makau et al. (2018) who reported a decrease in predicted ADG
from 0.750 g/d pre-weaning to 0.500 g/d and 0.350 g/d for heifers at 10 and 30 months of
age, respectively. Our study was focused on calf housing improvements, whereas the
Makau et al. (2018) study was focused on calf nutritional improvements, explaining part
of the differences. Compensatory growth, in which the animals accelerate their growth
after a period of restricted development due to disease and limited feeding during the preweaning period (Hornick et al., 2000), may also explain part of the differences.
In the final mixed linear regression model for pre-weaning ADG, the housing
intervention was not significantly associated with log-transformed ADG. The reasons for
this lack of association remain unclear but may be somewhat be because the stressors
associated with a poor housing environment may influence calves in a cumulative manner,
whereby the post-weaning ADG is affected partly as a sequel to impacts of pre-weaning
period.
The pre-weaned ADG was reduced by 0.7% for every one week when calves were
delayed to freely access and drink water for the first time. Water provision immediately
after birth has been associated with early rumen and microbiome development, feed
intake, weight gain and immune response (Senevirathne et al., 2018; Wickramasinghe et
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al., 2018). Therefore, early clean water provision is of great benefit to calves and should
be encouraged.
There was an interaction between the highest education level and the gender of the
principal farmer. The ADG was significantly lower for female than male principal farmers
but only when the principal farmer only had primary education. These results are
consistent with the findings of Makau et al. (2018) who reported that ADG was lower by
20.7% when the principal farmer was female, compared to male principal farmers or when
the male and female were both listed as the principal farmer.
In another interaction, when the dam parity number was higher (≥3), the preweaning ADG was higher, but only if the frequency of milk feeding was three times or
more. All farmers in this study practiced artificial insemination, but many farmers were
using local bull genetics on first and second lactation cows, which is cheaper at $5-10 per
breeding. Conversely, imported bull genetics were more often used on older cows once
the cow productivity is proven to warrant more expensive semen at $40-100. As a result,
the latter calves are more likely to be of high genetic potential, selected for superior
performance including growth rate, and coming from high parity cows, which produce
more milk than young cows. The high milk production of multiparous cows gives the
farmers the opportunity to feed a higher milk quantity more often at pre-weaning than
young cows, while still selling some milk for much needed cash on these semi-commercial
smallholder dairy farms.
In the final mixed linear regression model for post-weaning ADG, calf housing
improvement was associated with increased post-weaning ADG by 0.054 kg/d among the
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animals on the farms that received the intervention. The positive effect of the calf housing
improvement during the post-weaning period confirms that housing factors have longterm impacts on the growth of calves.
Improved ADG post-weaning (by 0.08 kg/d) was also associated with calves with
dam-calf connections characterised by rearing a calf in a pen adjacent to her dam with
physical or visual contact with her dam. The dam-calf connection system best mimics the
natural situation and allows free behavioural expression and thus improved welfare
(Johnsen et al., 2016).
Decreased predicted ADG (by 0.09 kg/d) was observed in calves that were positive
for fecal coccidia oocysts. Coccidia are known to destroy the lining of the intestine,
causing inefficiency of nutrient absorption and decreased appetite, which is detrimental to
the growth (Coffin, 2018). Farmers should be encouraged to consider coccidia control
programs, including starter feed with coccidiostats (which are currently uncommon in
Kenya), and improved calf hygiene and daily sanitation to remove feces, thereby
decreasing the environmental load of oocysts in the housing environment.
There was an interaction between gender of the principal farmer and total number
of calf pens in the post-weaning ADG model, where ADG increased with an increasing
number of calf pens for women while remaining the same for men. We speculate that
when women were the principal farmer and farming was their primary source of income,
they ensured that the calves were in individual pens for better care (better nutrition,
hygiene, bullying), even though it meant more work to keep them clean and well fed.
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Appropriate housing is vital for good health and growth of the dairy calf as it
ensures proper hygiene, comfort, and dry environment. We recommend that farmers
should implement housing improvements, along with other management factors such, as
coccidia control, and early water and concentrate provision, and the construction of more
calf pens for better individualized calf care with at least visual contact between calves and
their dams.

6.4. Evaluation of environmental and comfort improvement on affective welfare in
heifer calves on smallholder dairy farms
This randomized controlled trial was designed to determine the effect of
environmental and comfort improvement on lying and sucking behaviours in heifer calves
on Kenyan smallholder dairy farms. This study was carried out in conjunction with the
trial in Chapter 3, with intervention farms being in Kiambu County and control farms were
those in Murang'a County. In addition to the housing improvements mentioned in the last
section, the intervention farms also received animal welfare training a rubber nipple
attached on the wall of the calf pen.
As with the previous trial, the study involved 187 heifer calves from 150 farms in
the two Kenyan counties, 75 farms per county. A questionnaire was used to capture data
on calf characteristics, housing, management practices, and farmer training and
demographics. Important housing features (such as pen dimensions), and management
factors were obtained from the farmer, measured or observed. The calf's health
parameters, abnormal sucking behaviours (self-sucking, sucking other calves, or sucking
200

pen objects, and affective experiences (facets of the Five Domains model, including
environment, health, nutrition, behaviour, and mental state) were also assessed by
observation and physical examination, or through farmer input. Accelerometers (Hobo
Pendant G Acceleration Data Logger, Onset Computer Corp.) were attached to the right
lateral metatarsal area of each calf and were used to record lying behaviour.
Descriptive statistics, Z-tests, analysis-of-variance, and multiple correspondence
analysis were used to describe, test, and/or explore pattern of variables of interest
(particularly sucking behaviour, lying behaviour and affective experience), overall and by
intervention group. The factors of daily lying time and frequency of lying bouts (natural
log-transformed) were also analyzed using mixed-effects linear regression models to
account for the hierarchical structure of the data, clustering of up to 6 observations per
calf.
The intervention group was not significantly different than the control group with
respect to the primary outcomes of interest, which included daily lying time, lying
bouts/day, and abnormal sucking behaviours. Differences in affective experience by
intervention group were not examined because of the exploratory nature of these
measurements. The sample size (what was logistically possible in the time available) and
differences in effects between the groups were insufficient for significant p-values.
However, parts of the intervention did have significant impacts on some of the primary
outcomes of interest, as explained below.
As expected, the measured daily lying time and frequency of bouts generally
reduced with age with a mean daily lying time between 16.9 hr/d and 12.9 hr/d and median
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frequencies of lying bouts between 15.3 and 10.3 per day when the calves were 25 days
(first visit) and 359 days (sixth visit) of age, respectively. Also, the variances in daily lying
time and frequency of lying bouts were higher (>82%) between visits than between calves,
and this could be due to the effect of age altering the time budgets of the calves as they
grow. Overvest et al. (2018) noted a similar finding at the weaning and post-weaning
periods, and they attributed it to an increase in feeding time seen in these older groups,
demonstrating that calves alter their lying behaviour to accommodate changes in feeding
patterns.
Calves with enlarged superficial lymph nodes were associated with an increase in
the duration of lying time (30 min/d) compared with calves with normal-sized superficial
lymph nodes. The observed lymph node enlargement was most likely associated with the
immune response to infectious conditions that are common in Kenyan calves, such as
navel-ill, pneumonia, diarrhea, and tick-borne diseases (Gitau et al., 1994).
Housing calves in groups with other calves or cows was associated with a reduced
duration of lying time (18 min/d) compared with those housed individually. Overvest et
al. (2018) and Chua et al. (2002) found similar results, with calves in pairs spending more
time standing idly and/or moving around in the pen than separately housed calves.
The use of bedding materials, such as straw, wood shaving, sawdust, or crop waste,
was associated with increased duration of lying time by 36 min/d. Such bedding materials
have high absorbency, and when combined with good management practices, such as
frequent removal of soiled beddings and addition of new bedding, improved stall
cleanliness, leading to better comfort (Kathambi et al., 2019).
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Contrary to our expectations, the farms that had a rubber mat placed in the calf pen
at the time of the farm visit had reduced duration of lying time (24 min/d less) and
decreased frequency of lying bouts (9% less). Cattle may sometimes choose to spend a
longer time standing on softer floors by as much as 29 min/d, such as if the floors are
damp (Haley et al., 2001; Solano et al., 2006; Tucker et al., 2006). We noticed that farmers
did not use or replace bedding material as often when there was a rubber mat provided
than when there was no rubber mat (focusing on the softness aspect and forgetting about
the need for dryness), leading to a wet lying area. This result reaffirms that farmers need
reminders for both comfort criteria.
There was an interaction on the daily lying time between calf pens with leaking
roofs and the level of the calf-pen floor (raised slatted floor versus solid ground floor).
When the roof was intact, daily lying time increased, regardless of the floor level. With
an improper leaking roof, non-elevated floors were wet and uncomfortable to lie on,
lowering lying time of calves compared to calves on elevated floors. Similarly, Camiloti
et al, (2012) found lower lying times on wet bedding. A combination of proper roofing
and elevated slatted floor significantly improved the daily lying time since pens with
elevated floors easily allowed urine, water and wet manure to seep through the slats,
minimizing the chances of damp and dirty flooring.
Our study showed a reduction in frequency of lying bouts with increased body
weight which could have been a consequence of pen dimensions not being adjusted for
increasing body size of the animal. The resulting restricted space likely compromised
movements for lying down and rising, forcing the calves to remain in a position (lying or
standing) for prolonged durations.
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Our study showed a slight but not significant reduction in the expression of
abnormal sucking behaviours. However, over half of the rubber nipples were torn and/or
broken off the pen wall by the second round of visits, possibly due to poor nipple quality,
vigorous sucking and butting by the calves, and/or ineffective mounting. In their study, de
Passillé and Caza (1997) showed that the occurrence of cross-sucking behaviour was
reduced by more than 75% when calves were presented with a dry rubber nipple. We,
therefore, suggest that durable rubber nipples and cylindrical bracket mounting could
reduce abnormal sucking behaviour.
In summary, improving the lying area of calves by providing them with a soft dry
bedding material enhances their comfort, which agrees with other evidence summarized
in a review paper (Mandel et al., 2016). Placing non-nutritive nipples inside the calf-pen
enriches the calves' physical world and helps meet the calves' affective experience
(Mandel et al., 2106), but may reduce lying time. However, the preferences for a lying
surface by an individual animal are influenced by affective mental states that dictate other
cognitive processes, such as attention, memory, decision-making, and judgement (Luo et
al., 2019).
We attempted to describe the affective experience of calves on smallholder dairy
farms in Kenya (based on the Five Domains model- Mellor, 2017). We found that for the
environment domain, 95% of calves exhibited typical responses to the skin and
musculoskeletal stimulation, and there were few negative manifestations on respiratory,
visual, and thermal components. Some calves (16-48%) manifested gastrointestinal
discomfort, mainly through abdominal kicks and bilateral bloating. On the health domain,
few animals exhibited auditory concerns (<1), or mental (<5%) or physical (<6%)
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exhaustion. For the nutrition domain, the proportions of calves whose thirst and hunger
were satisfied increased during the first 3-4 visits, before levelling or tailing off.
Behaviourally, the temperament of over 2/3 of calves displayed fear, and a half or more
of them performed cross-sucking and sucking of objects, while <10% self-sucked their
navel.

6.5. Impact of calf housing improvement and farmer training on finances,
management, and animal welfare perceptions of Kenyan smallholder dairy farmers
The intervention of calf housing and animal welfare training utilized in this thesis
was associated with a number of benefits (e.g. increased daily weight gain by 5.6% in the
post-weaning period) but it is unclear if the costs outweighed the benefits. Furthermore,
the on-farm training offered on calf care and welfare may have changed animal welfare
perceptions and management, and it would be important to elucidate the extent of these
changes. Therefore, this study was designed: 1) to estimate the economic effect of
implementing low-cost housing enhancements and change in management when raising a
15-month heifer (desired age at first breeding if large enough); and 2) to determine farmer
perceptions towards affective animal welfare on Kenyan smallholder dairy farms pre- and
post-intervention.
The farms involved in the housing improvements trials for calves and heifers in
this thesis and completed all six of the planned visits of the intervention formed the study
population for this study, since we were looking at costs and benefits to 15 months of age.
Data on farm specific management practices for calves and heifers for this study were
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acquired using a face-to-face questionnaire. The questionnaires included: age at
concentrate introduction, concentrate amount at weaning, age and frequency of
anthelmintic and acaricide application, frequency of manure removal, and amount of
colostrum fed in the first 6 hours. Also captured were data about farmers' perceptions of
animals' affective experiences, such as pain, loneliness, boredom, fear, anger, happiness,
and animals' right to live in a clean and comfortable environment.
Partial budget analysis was used to estimate the benefits (additional revenues and
costs no longer incurred) and costs (additional costs and revenues foregone) of
implementing the intervention over the first 15-month period of a calf's life. The analysis
was done at the animal level, based on statistically significant findings from the thesis. All
financial calculations are presented in Kenyan shillings and US dollars, using market
prices at the time of the study. Where a benefit or cost had a subjective element, an expert
panel was utilized to assist in the subjective estimate. The expert panel comprised of 1) an
experienced smallholder dairy farmer; 2) a cattle dealer involved in buying and selling
cattle; and 3) an experienced area veterinarian.
In terms of benefits of the intervention, the extra income from the sale of the
intervention heifer weighing 266 kg at 15 months of age compared to a 15-month old
control heifer weighing 256 kg was Ksh 5000 (USD 50.00). With the introduction of a
rubber mat, the use of sawdust/wood shavings was reduced by half on most intervention
farms, saving the farmer Ksh 300 (USD 3.00) per month. The education part of our
intervention led to an increased age at first deworming by 7.3 weeks, indicating one less
deworming on these primarily zero-grazing farms, costing about Ksh 250 (USD 2.50).
Also, the age at first acaricide application increased by 7.8 weeks in the intervention
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group, meaning one less acaricide application, costing about Ksh 100 (USD 1.00). The
average mortality cost savings per farm was derived from the lower proportion of dead
calves for the intervention and control groups and was estimated at Ksh 1600 per farm
(USD 16.00).
In terms of costs of the intervention, the 3' by 5' rubber mat cost was Ksh 1800
(USD 18.00), and based on our study, the average cost associated with the modest pen
repairs was Ksh 500 (USD 5.00). There was also an increased use of concentrate feeding
to the calves, costing about Ksh 876.8 (USD 87.48). The income from the sale of the
bedding/manure mix was estimated to reduce by half, leading to loss of income estimated
at Ksh 1500 (USD 15.00).
The costs were subtracted from the benefits to determine the overall cost-benefit
of the intervention. The net financial return of undertaking the housing and management
improvements was positive at Ksh 6,594 (USD 65.94) per heifer. Elsewhere, improved
hygiene in calf pens from housing upgrades had far-reaching effects in optimizing growth
and reducing disease and deaths (Fentie et al., 2020).
There were significant changes in management practices among the intervention
farms in response to the recommendations provided during the trial. Of the intervention
farms, the frequency of daily manure removal from the calf-pen increased from 43% to
98% when comparing pre- and post-intervention practices, while giving calves more than
3 liters of colostrum in the first 6 hours increased from 50% to 59%, and both of these
changes were statistically significant. Furthermore, intervention farmers were advised on
other management practices during the study, and there was a significant reduction in age
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at first introduction of concentrate, increase in amount of concentrate offered to calves at
weaning, and increase in the age of calves at first anthelmintic and acaricide application
on the intervention farms when comparing pre- and post-intervention practices.
Most of the farmers strongly agreed with statements regarding perceptions towards
animal affective experiences in both the control and intervention groups pre- and postintervention. While the responses from the control group remained unchanged during the
trial, the intervention group demonstrated a statistically significant increase over time in
the proportion of farmers strongly agreeing with the statements regarding calves and
heifers feeling pain, loneliness, boredom, fear and anger.
Most farmers also strongly agreed with statements relating to affective experience
in calves and heifers. However, intervention farms showed a consistent increase in
proportions strongly agreeing post-intervention compared to pre-intervention, implying
that farmers' views on animal affective experience improved during the course of the
intervention. Farmer perceptions have been shown to affect how farmers treat their
animals, and the environment they provide their animals, which can impact productivity
(Kauppinen et al., 2013).
In conclusion, the study indicated that the implementation of housing
improvement and specific calf management from the time a calf is born has financial
benefits to the farmer. The higher daily weight gain, reduced use of other bedding
materials, reduced cost of veterinary service and medicines, and decrease in mortality in
the intervention group implies that housing improvements for newborn heifers have
economic benefits. The most substantial savings were due to a decrease in requirements
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of bedding materials such as sawdust or wood shavings. In addition to these financial
benefits to the intervention, there were improvements in farmer management practices of
calves and farmer perceptions toward affective calf welfare. The changed farmer
perceptions could partly explain the positive impacts of how the farmers cared for their
calves and heifers.

6.6 Linked conclusions
The over-riding theme of this thesis was the health, growth and welfare of heifer
calves on smallholder dairy farms in Kenya. This was achieved through: 1) a prospective
cohort study to describe and determine animal- and farm-level factors associated with
time-to-onset and fecal counts of strongyle-type eggs and coccidia oocysts in calves on
zero-grazing smallholder dairy farms; 2) a randomized controlled trial to evaluate the
effects of practical and affordable calf housing improvement on average daily weight gain
during pre- and post-weaning periods on smallholder dairy farms; 3) a randomized
controlled trial to determine the effect of environmental and comfort improvement on
lying and sucking behaviours in heifer calves on smallholder dairy farms; and, 4) a partial
budget analysis to estimate the economic effect of implementing low-cost housing
enhancements and change in management when raising a 15-month heifer on Kenyan
smallholder dairy farms.
In all the objectives, the study involved 187 calves from 150 farms that were
visited every two months for up to six times. Overall, the principal farm owners were both
male (50%) and female (50%) gender, with almost half of them having attained only
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primary education. Most of the principal farmers were married, and close to 60% of them
had received training on some aspects of dairy farming through the farmers' cooperative
meetings. Farmers had a mean age of 52 years, with a mean of three adults per household.
The mean area of land owned was one and a half acres, with an additional half an acre of
land being leased for fodder growth. On average, half of the household income came from
dairy farming through the sale of milk and animals. Milk sales averaged just over Ksh
30,000 (USD 300.00) per month. Study farms had a mean of six animals and at least one
calf pen that had a mean floor area of 4 m2, in which calves spent nearly six months. Over
90% of the calves in the study were Friesian with an average weaning age of 3 months
from dams having three or more parities, on average.
The studies established that endoparasitism (particularly coccidia and helminths
with strongyle-type eggs) is a prevalent condition among the study animals, and that
coccidia affect not only the growth but also the health and welfare of the calves in the
Kenyan smallholder farms. Coccidia destroy the lining of the intestine, causing
inefficiency of nutrient absorption and decreased appetite, which is detrimental to the
growth (Coffin, 2018). Farmers should be encouraged to consider coccidia control
programs, including starter feed with coccidiostats (which are currently uncommon in
Kenya) and improved calf hygiene and daily sanitation to remove feces, thereby
decreasing the environmental load of oocysts in the local environment.
From the trials, it was evident that the calf housing improvement increased not
only the ADG at the post-weaning period but partly affected the calves' affective
experience. The study also showed that other calf housing factors (not implemented in the
trials) were associated with the outcomes. For instance, there was an increased coccidia
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OPG count and reduced lying time in calves with an increase in the manure accumulation
on the floor of the calf pen, which implies that poor sanitation in the calf housing areas
increases calf exposure to coccidia oocysts and causes discomfort on lying behaviours.
Calf pen floor design influenced pen hygiene and there was reduced coccidia OPG when
calves were reared in pens with an elevated slatted floor compared with those on the
ground. The elevated wood-slatted floors improved daily lying time in pens with leaking
roofs. An elevated wood-slatted floor is increasingly becoming a common feature of
young calf pens on smallholder dairy farms in Kenya and should be encouraged given its
benefits. The use of bedding materials, such as straw, wood shaving, sawdust, or crop
waste, was also associated with increased duration of lying time by 36 min/d. Such
beddings have high absorbency, and when combined with good management practices,
such as frequent removal of soiled beddings and addition of new ones, improved stall
cleanliness, leading to better comfort.
Our study showed that tethering of calves, at least once a week, played a role in
the parasite exposure and comfort of calves among the smallholder farmers. Farmers who
practice tethering typically tie the animal on a peg with a rope, and the peg is shifted from
one location to another within the homestead. Tethering of calves on pasture led to an
increase in hazard and burden of strongyle-type egg counts and increased coccidia oocyst
counts in calves' feces. We also noted that the frequency of lying bouts was significantly
lower for calves that were sometimes tethered, especially if floor area was dirtier. There
is need to investigate the impact of tethering practices (for instance, duration of time,
length of the rope, and presence of mud and shade) on the lying behaviour.
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From the partial budget analysis, we found a positive net return on the housing
improvements based on having a larger heifer at 15 months from the higher ADG, reduced
bedding and medical care costs, and lower risk of death. Also, the perceptions of the
farmers towards animal affective experiences improved during the intervention, and this
has, and should continue to, lead to better management, growth, and improved incomes to
the farmers. The housing improvement and on-farm training should be provided by
farmers, veterinarians, and extension service providers.

6.6. Overall recommendations
Based on the findings of these analyses, we recommend the following to zerograzed smallholder dairy farms in Kenya and elsewhere where dairy farms have similar
conditions:
1) Gastrointestinal (GI) parasite infections of dairy calves can be a serious limitation
on smallholder dairy farms as it contributes to economic losses from reduced
weight gain and mortalities. The observed high incidence rate/risk of coccidia (sixfold compared with strongyles), with earlier time-to-onset of infection and higher
oocyst counts, warrants early prevention measures in the preweaning period. Onfarm management practices (e.g. tethering, calf stall/pen floor cleanliness) and
farm characteristics (e.g. herd size and duration of dairy farming experience)
appear to have a role in time-to-onset of infection for strongyle egg counts and
coccidia oocyst counts in heifer calves. Kenyan smallholder dairy farmers should
be trained to: 1) use parasiticides at the appropriate time related to the likely time212

to-onset; and 2) implement better management practices to limit the exposure and
negative consequences of GI parasite infections.
2) With limited resources to provide modern housing in the zero-grazing system on
smallholder dairy farms in tropical countries, there is often an excessive
accumulation of slurry, presence of uneven and/or hard floors in calf pens and
leaking roofs. Ensuring an intact roof and a soft dry floor with appropriate space
from the time a calf is born is important for optimal growth. Construction of more
calf pens with at least visual contact between calves and dams should provide for
better individualized calf care and better affective animal welfare. We also
recommend that farmers should provide water from day one and concentrate
within the first week or two.
3) Provision of comfortable pens, using both rubber mats and organic material such
as sawdust, wood shavings, or crop waste, conferred better lying experience and
improved welfare outcomes. We recommend that smallholder dairy farmers
should consider using rubber mats and wood-shaving/sawdust/crop waste to
ensure soft and dry lying area and thus enhanced lying comfort.
4) Given the financial benefits and positive changes on farmer perceptions and
practices as a result of undertaking low cost housing enhancement and on-farm
training in smallholder dairy, we recommend that farmers should undertake calf
housing improvement and be offered on-farm calf care training. The identification
of specific on-farm inadequacies and providing a participatory role in
modifications led to good acceptance, implementation, and overall animal comfort
in a sustainable manner.
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5) An elevated wood-slatted floor is increasingly becoming a common feature of
young calf pens on smallholder dairy farms in Kenya and was shown to improve
pen hygiene and calf comfort. These improvements should reduce the risk of
coccidia infection and increased lying time, and therefore should be encouraged.

6.7. Future Research
To advance knowledge in this area of health and welfare of heifer calves in the
smallholder production system, the following areas for future research are
recommended:
1. To help mitigate the effects of endoparasites, there is a need to evaluate the
efficacy of the available parasiticides and their timing of use, and develop a
protocol that would best help in the management of parasites such as coccidia
(especially in the calf's early life). We also recommend a comparison study that
explores the use of parasiticide versus daily sanitation measures, or both.
2. Since our study did not establish the status of cryptosporidiosis in calves, there is
need to determine the onset, factors, and impacts on calf health and growth of
Cryptosporidium spp. infections.
3. Further study on housing and welfare should quantify the long-term effects of
improved housing and farmer training on reproduction indices and lactational
performance, such as age at first calving and milk yield during the first lactation.
4. To get more evidence on the benefits of an artificial non-nutritive sucking
apparatus on abnormal sucking behaviours, further studies using quality artificial
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nipples and a mounting bracket that can withstand vigorous sucking, tearing, and
butting by the calves should be considered.
5. Since tethering is a common practice, for at least some of the daytime, in the
Kenyan smallholder farms, there is a need to investigate the impact of tethering,
with respect to duration of time, length of the rope, and presence of mud and shade
on the lying behaviour and growth of heifer calves on smallholder production
system.
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CHAPTER 7: APPENDICES
7.1. Appendix I: Accelerometer placement data sheet

Visit

1

CountyFarm#Calf#
K-2003365

Launcher#
(1,2,3)

HOBO#
(10505079)

Attached
Date
Time

3

10604947

1207-18

13:17
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Orientation
(if not
normal)

Removed
Date
Time

1307-18

16:39

Orientation
(if not
normal)

7.2. Appendix II: Accelerometer data sheet
County:………………………

Farm

Calf

#

ID

Mins
Mins
Standing Lying
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# of
bouts

Bout
Length

7.3. Appendix III: Pre-intervention questionnaire
A: Farm level characteristics
1. Farm number…………………
2. County……………………….
3. Farmer name……………………
4. GPS………………………………
5. How many adult people live in this household for more than 5 days per week?
……………
6. Gender of principal farmer (person who manages/takes care of the cows):
a. Male
b. Female
7. Marital status of principal farmer (person who manages/takes care of the cows):
a. Single
b. Married
c. Separated/divorced
d. Widowed
8. Education level of the principal farmer
a. Primary unfinished
b. Primary
c. Secondary
d. College/university
9. Age of the principal farmer…………………
10. Area of land owned (acres)…………………...
11. Area of land rented (acres)……………………….
12. # of years involved in dairy farming …………………...
13. Percent of total income coming from dairy production (1-100%) ……………….
14. Average income per month from milk (estimate)……………….
15. Have you ever attended any training on dairy farming?
a. Yes
b. No
c. If yes, what was this training about? --------------------------16. Number of calves/cows in the farm
a. Dry cows______________
b. Milking cows___________
c. Heifers________________
d. Calves________________
e. Adult Bulls________________
f. Bull calves________________
17. At what age are the calves moved out of calf unit?..........................
222

18. # of calf units…………………….
19. Dimensions and # of animals in calf unit (pre-weaned calf)
a. Length: _________
b. Width: ________
c. Height: __________
d. # of animals per pen: _________
20. What do you do if a calf is weak and unable to drink colostrum during the first
day of life?.......................
21. At what age do you first introduce calf pellets, calf pencils or dairy meal to your
calves?...................
22. What do you do with the excess colostrum?
a. Store as fermented colostrum
b. Give to other calves fresh
c. Discard
d. Other ________
23. At what age do you first deworm the calves? …………….. months
24. How often do you deworm the heifers < 1 year old? Every __ months
25. At what age do you first apply fly and/or tick spray to your calves? ____ months
26. How often do you apply fly and/or tick spray on the heifers < 1 year old? Every
__ days
27. Calves & heifers can feel physical pain the same as humans
a. Strongly Agree
b. Agree
c. Unsure
d. Disagree
e. Strongly Disagree
28. Calves & heifers can feel loneliness the same as humans
a. Strongly Agree
b. Agree
c. Unsure
d. Disagree
e. Strongly Disagree
29. Calves & heifers can feel boredom the same as humans
a. Strongly Agree
b. Agree
c. Unsure
d. Disagree
e. Strongly Disagree
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30. Calves & heifers can feel fearful the same as humans
a. Strongly Agree
b. Agree
c. Unsure
d. Disagree
e. Strongly Disagree
31. Calves & heifers can feel anger the same as humans
a. Strongly Agree
b. Agree
c. Unsure
d. Disagree
e. Strongly Disagree
32. Calves & heifers can feel happy the same as humans
a. Strongly Agree
b. Agree
c. Unsure
d. Disagree
e. Strongly Disagree
33. Calves & heifers have the right to live in an environment that is clean and
comfortable
a. Strongly Agree
b. Agree
c. Unsure
d. Disagree
e. Strongly Disagree
34. What are the disease conditions experienced in the calves and/or heifers (<1yr)
on your farm during the last 5 years?
a. Diarrhea
b. Pneumonia
c. Lameness
d. Tick-borne diseases (Anaplasma, ECF, Babesia)
e. Injuries
f. Hernias
g. Navel infections
h. Fungal infections (ringworm, rain scald)
i. Warts
j. Eye infection
k. Other (Specify…………………………………
35. # mortalities reported on your farm in last 5 years
a. Numerator ________
b. Denominator ______
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36. Which abnormal behaviours have your calves and heifers shown?
a. Cross-sucking
b. Self sucking
c. Sucking pen objects
d. Licking pen objects
e. Biting pen objects
f. Tongue-lolling
g. Head-butting
h. Other …………………………….
37. How often do you remove manure from where the calves and heifers lie down?
a. More than once a day
b. Once a day
c. Every other day
d. Twice a week
e. Once a week
f. Less than once a week
38. How often do you add new bedding to where calves and heifers lie down?
a. More than once a day
b. Once a day
c. Every other day
d. Twice a week
e. Once a week
f. Less than once a week
39. How do you identify your calves and heifers?
a. Ear tag
b. Name
c. Tattoo
d. Other…………………………
40. How many kg of colostrum should a calf get in the first 6 hours of life?
41. How many kg of calf starter should a calf eat at weaning?
42. How often should manure be removed from a calf pen?
43. How often should bedding be added to a calf pen?
44. What is your average weaning age (last time the animal is given milk)?

225

B. Animal level characteristics on first visit
1.
2.
3.
4.
5.
6.
7.

Ear tag No
Date of birth
Breed (what it looks like)
Parity of the dam (estimated if unsure)
Current daily milk production of the dam
Vaccine administered to dam in the last 12months
Dam’s calving ease.
a. Unassisted
b. Easy- 1 person pull
c. Difficult- 2 or more people pull
d. Complex manipulation by Vet
e. Caesarian section
8. Was colostrum taken from the cow and given by bottle or bucket during the
first day
a. Yes
b. No
c. If yes, how much was given within first 6 hours?......................................
d. If yes, how much was given within first 12 hours?.....................................
e. If yes, method of feeding the majority of the
colostrum……………………
9. Source of colostrum for the calf
a. Own dam
b. Other cows
c. Pooled
10. General frequency of milk feeding per day
11. Age at first-time calf allowed to drinking water
a. Restricted: ___________________
b. Free choice: _________________
12. Which of these do you give to calves as concentrate?
a. Calf pellets
b. Dairy meal
c. Both
13. Age at first time calf feeding on concentrate
14. Age at first time calf feeds on hay
15. Has the calf been dehorned?
a. Yes
b. No
c. If yes, Age of dehorning
d. If yes, dehorning complications
16. Weight ………………...
17. Height…………………………
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18. Current daily milk consumption (note if diluted with water)
………………………….
19. Rectal temperature
20. Respiratory rate (per min)
21. Heart rate (per min)
22. Famacha score (Anaemia score)
a. Red
b. Red pink
c. Pink
d. Pink white
e. White
23. Superficial lymph node:
a. Normal
b. Slightly swollen
c. Swollen
24. Lameness score:
a. Normal
b. Marginal
c. Pronounced
25. Skin parasite:
a. Present
b. Absent
26. Rumen function (if relevant)
a. Good
b. Mediocre
c. Poor/quiet
27. Current consistency of faeces:
a. Hard
b. Soft
c. Watery
d. Watery with blood
28. Physical discomfort
a. Musculoskeletal (responds to pressure or leg movement)
i. Yes
ii. Marginal
iii. No
b. Skin (responds to scratching surface)
i. Yes
ii. Marginal
iii. No
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c. Gastrointestinal (kick at belly, grunt when press belly, negative withers
pinch response, bloat on either side)
i. Yes
ii. Marginal
iii. No
d. Respiratory (grunt/groan when breathing; shallow)
i. Yes
ii. Marginal
iii. No
e. Auditory (drooped ear)
i. Yes
ii. Marginal
iii. No
f. Visual (eye squinting, lacrimation or blepharospasm)
i. Yes
ii. Marginal
iii. No
g. Thermal – cold (shiver)
i. Yes
ii. Marginal
iii. No
h. Thermal – hot (pant)
i. Yes
ii. Marginal
iii. No
29. Physical exhaustion/Weakness (muscles weak)
a. Yes
b. Marginal
c. No
30. Mental exhaustion (cannot remain alert to stimuli)
a. Yes
b. Marginal
c. No
31. Temperament
a. Fearful
b. Playful/confident)
32. Body condition score (1-5)……………
33. Hock lesion score
a. Normal
b. Hair missing
c. Swollen with lesion thro skin
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34. Carpal lesion score
a. Normal
b. Hair missing
c. Swollen with lesion thro skin
35. Neck lesion score
a. Normal
b. Hair missing
c. Swollen with lesion thro skin
36. Upper leg hygiene
a. No manure.
b. Minor splashing
c. Distinct plaques
d. Confluent plaques)
37. Lower leg hygiene
a. No manure.
b. Minor splashing
c. Distinct plaques
d. Confluent plaques)
38. Thirst (always access to clean water)
a. Yes
b. Marginal
c. No
39. Hunger –general (always access to some feed)
a. Yes
b. Marginal
c. No
40. Hunger - salt (always access to salt/mineral)
a. Yes
b. Marginal
c. No
41. Which abnormal behaviours have your calves shown?
a. Cross-sucking
b. Self-sucking
c. Sucking objects □licking objects
d. Biting objects □tongue-lolling
e. Head-butting
f. Other
42. Odour (ammonia)
a. Yes
b. Marginal
c. No
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43. Available engaging choices for behaviour
a. Yes
b. Marginal
c. No
44. Animal-to-animal interactions (calf-dam)
a. Yes
b. Marginal
c. No
45. Social type of housing
a. Individually
b. Grouped
46. Flooring type
a. Concrete
b. Wooden
c. Dirt
d. Other: ________
e. If wooden, is it elevated? Yes/ No
47. Floor cleanliness
a. Clean
b. Scanty manure (sparse- easy to step around it)
c. Moderate slurry (but can step around it with care)
d. Lots of slurry (all over so cannot step around it)
48. Even floor surface status
a. Yes
b. Marginal
c. No
49. Is bedding being used? Yes/ No
50. If yes, what kind of bedding is used where the calves lie down?
a. Grass/hay
b. Straw
c. Sawdust
d. Crop waste
e. Other (specify)…………….
51. Can water flow (by gravity) into the calf housing
a. Yes
b. Marginal
c. No
52. Is the roof of calf house intact (protects pen/stall completely from rain)
a. Yes
b. Yes, but holes let rain in
c. No
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53. Pass the stall/pen knee impact test?
a. Yes
b. Marginal
c. No
54. Pass the stall/pen knee wetness test?
a. Yes
b. Marginal
c. No
55. Any disease suffered since birth
a. Yes
b. No
If yes, what treat was given?............................
56. # of deworming done since birth?.................
57. If >0, what was used?................................
58. Is the calf sometimes tethered?
a. Yes
b. No
59. Is there any sharp object that can cause trauma in the calf pen?
a. Yes
b. No
60. Any current disease conditions
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7.4. Appendix IV: Data sheet for repeated measures
Date of visit……………………….
Farm no…………………………….
County …………………………………
Animal id……………….
Visit number…………….
Rubber mat use at the time of visit (for Kiambu)
a. Not used
b. Sometimes used
c. Always used
7. Nipple still present (for Kiambu)
a. No
b. Yes
8. Nipple suckled by the calf (for Kiambu)
a. No
b. Sometimes
c. Always
9. Calf still in calf pen
a. Yes
b. No
10. Calf weaned
a. Yes
b. No
11. If not wean, Current daily milk consumption (Litres)
12. If weaned, date of weaning
13. Weight
14. Height
15. Respiratory rate (per min)
16. Heart rate (per min)
17. Rectal temperature
18. Famacha score (Anaemia score):
a. Red
b. Red pink
c. Pink
d. Pink white
e. White
19. Superficial lymph node:
a. Normal
b. Slightly swollen
c. Swollen
1.
2.
3.
4.
5.
6.
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20. Lameness score:
a. Normal
b. Marginal
c. Pronounced
21. Skin parasite:
a. Present
b. Absent
22. Rumen function (if relevant)
a. Good
b. Mediocre
c. Poor/quiet
23. Current consistency of faeces:
a. Hard
b. Soft
c. Watery
d. Watery with blood
24. Physical discomfort
a. Musculoskeletal (responds to pressure or leg movement)
i. Yes
ii. Marginal
iii. No
b. Skin (responds to scratching surface)
i. Yes
ii. Marginal
iii. No
c. Gastrointestinal (kick at belly, grunt when press belly, negative withers
pinch response, bloat on either side)
i. Yes
ii. Marginal
iii. No
d. Respiratory (grunt/grown when breathing; shallow)
i. Yes
ii. Marginal
iii. No
e. Auditory (drooped ear)
i. Yes
ii. Marginal
iii. No
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f. Visual (eye squinting, lacrimation or blepharospasm)
i. Yes
ii. Marginal
iii. No
g. Thermal – cold (shiver)
i. Yes
ii. Marginal
iii. No
h. Thermal – hot (pant)
i. Yes
ii. Marginal
iii. No
25. Physical exhaustion/Weakness (muscles weak)
a. Yes
b. Marginal
c. No
26. Mental exhaustion (cannot remain alert to stimuli)
a. Yes
b. Marginal
c. No
27. Temperament
a. Fearful
b. Playful/confident)
28. Body condition score (1-5)……………
29. Hock lesion score
a. Normal
b. Hair missing
c. Swollen with lesion thro skin
30. Carpal lesion score
a. Normal
b. Hair missing
c. Swollen with lesion thro skin
31. Neck lesion score
a. Normal
b. Hair missing
c. Swollen with lesion thro skin
32. Upper leg hygiene
a. No manure.
b. Minor splashing
c. Distinct plaques
d. Confluent plaques)
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33. Lower leg hygiene
a. No manure.
b. Minor splashing
c. Distinct plaques
d. Confluent plaques)
34. Thirst (always access to clean water)
a. Yes
b. Marginal
c. No
35. Hunger –general (always access to some feed)
a. Yes
b. Marginal
c. No
36. Hunger - salt (always access to salt/mineral)
a. Yes
b. Marginal
c. No
37. Which abnormal behaviours have your calves shown?
a. Cross-sucking
b. Self-sucking
c. Sucking objects □licking objects
d. Biting objects □tongue-lolling
e. Head-butting
f. Other
38. Odour (ammonia)
a. Yes
b. Marginal
c. No
39. Available engaging choices for behaviour
a. Yes
b. Marginal
c. No
40. Animal-to-animal interactions (calf-dam)
a. Yes
b. Marginal
c. No
41. Social type of housing
a. Individually
b. Grouped
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42. Flooring type
a. Concrete
b. Wooden
c. Dirt
d. Other: ________
e. If wooden, is it elevated? Yes/ No
43. Floor cleanliness
a. Clean
b. Scanty manure (sparse- easy to step around it)
c. Moderate slurry (but can step around it with care)
d. Lots of slurry (all over so cannot step around it)
44. Even floor surface status
a. Yes
b. Marginal
c. No
45. Is bedding being used? Yes/ No
46. If yes, what kind of bedding is used where the calves lie down?
a. Grass/hay
b. Straw
c. Sawdust
d. Crop waste
e. Other (specify)…………….
47. Can water flow (by gravity) into the calf housing
a. Yes
b. Marginal
c. No
48. Is the roof of calf house intact (protects pen/stall completely from rain)
a. Yes
b. Yes, but holes let rain in
c. No
49. Pass the stall/pen knee impact test?
a. Yes
b. Marginal
c. No
50. Pass the stall/pen knee wetness test?
a. Yes
b. Marginal
c. No
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51. Any disease suffered since last visit
a. Yes
b. No
52. If yes, what treat was given?............................
53. # of deworming done since birth?.................
54. If >0, what was used?................................
55. Is the calf sometimes tethered?
a. Yes
b. No
56. Is there any sharp object that can cause trauma in the calf pen?
a. Yes
b. No
57. Any current disease conditions
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7.5. Appendix V: Post-intervention questionnaire
1. At what age do you first introduce calf pellets, calf pencils or dairy meal to your
calves?................
2. At what age do you first deworm the calves?
3. At what age do you first apply fly and/or tick spray to your calves?
4. How often do you deworm the heifers < 1 year old?
5. How often do you apply fly and/or tick spray on the heifers < 1 year old?
6. Calves & heifers can feel physical pain the same as humans
a. Strongly agree
b. Agree
c. Unsure
d. Disagree
e. Strongly disagree
7. Calves & heifers can feel loneliness the same as humans
a. Strongly agree
b. Agree
c. Unsure
d. Disagree
e. Strongly disagree
8. Calves & heifers can feel boredom the same as humans
a. Strongly agree
b. Agree
c. Unsure
d. Disagree
e. Strongly disagree
9. Calves & heifers can feel fearful the same as humans
a. Strongly agree
b. Agree
c. Unsure
d. Disagree
e. Strongly disagree
10. Calves & heifers can feel anger the same as humans
a. Strongly agree
b. Agree
c. Unsure
d. Disagree
e. Strongly disagree
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11. Calves & heifers can feel happy the same as humans
a. Strongly agree
b. Agree
c. Unsure
d. Disagree
e. Strongly disagree
12. Calves & heifers have the right to live in an environment that is clean and
comfortable
a. Strongly agree
b. Agree
c. Unsure
d. Disagree
e. Strongly disagree
13. How often do you remove manure from where the calves and heifers lie down?
14. What type of beddings do you currently use?
15. How often do you add new bedding to where calves and heifers lie down?
16. How many kg of colostrum should a calf get in the first 6 hours of life?
17. How many kg of calf starter should a calf eat at weaning?
18. How often should manure be removed from a calf pen?
19. How often should bedding be added to a calf pen?

239

