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Enhancing individual animal
resilience to environmental
disturbances to address low
productivity in dairy cattle
performing in sub-Saharan Africa
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Chinyere C. Ekine-Dzivenu?, Gebregziabher Gebreyohanes?,
Raphael Mrode?*?, Okeyo A. Mwai?® and Mizeck G. G. Chagunda*

tAnimal Breeding and Husbandry in the Tropics and Subtropics, University of Hohenheim,
Stuttgart, Germany, 2Livestock Genetics, International Livestock Research Institute, Nairobi, Kenya,
*Animal and Veterinary Science, Scotland’s Rural College, Edinburgh, United Kingdom

The current review examines potential solutions to enhance the sustainability
and productivity of the dairy sector in sub-Saharan Africa (SSA) with an emphasis
on breeding for resilience. Additionally, the paper explores various indicators for
measuring resilience and provides insights into the data that can be utilized to
quantify resilience in SSA’s dairy production systems. Dairy production
contributes significantly to food and nutritional security and employment in
SSA. However, besides the general lack of enabling policy and institutional
environments, production is negatively affected by environmental challenges
such as high temperatures and heat stress, diseases and parasites, unreliable
rainfall patterns, shortages of feeds and forages and undue preference for taurine
cattle breeds regardless of their poor adaptability to prevailing local conditions.
Fostering the resilience capacity of dairy animals is imperative to combat
climate-related adversities and maintain productivity. This can only be
achieved if reliable and practical methods for quantifying and analyzing
resilience in SSA are described and undertaken. This study has reviewed
variance of deviations, root mean square of deviations, autocorrelation of
deviations, skewness of deviations, slope of the reaction norm and its absolute
value as possible indicators of resilience in SSA. While previous research has
reported genetic variation and favorable correlations of these indicators with
health, fitness, and fertility traits, their potential in SSA environments requires
further investigation. Besides, labor- and cost-effective phenotypic data
collection is essential for characterization of resilience using these indicators.
Through this study, we propose frequently collected data on milk production
traits, body fat-related traits, and activity patterns as suitable in the sub-Saharan
Africa context. The African Asian Dairy Genetic Gains Project by the International
Livestock Research Institute (ILRI) offers a valuable opportunity to collate data
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from diverse dairy systems in SSA for testing the potential of these indicators.
Insights from this study are helpful in improving resilience of dairy animals in SSA,
which would contribute to poverty alleviation, animal welfare improvement, and
better preparedness in lieu of climate change in SSA.
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1 Introduction

Livestock production in sub-Saharan Africa (SSA) contributes
to the global livestock landscape in terms of number of live animals,
their global carbon footprint, number of their keeper and number of
people who extract direct and indirect benefit from them (Poole
et al,, 2013). However, due to growth in human population and
increased urbanization, the arable land has significantly decreased,
leading to a reduced growth in livestock production at a time when
the demand is persistently growing (Nardone et al., 2010; Britt et al.,
2018; Hernandez-Castellano et al., 2019). The demand for meat and
dairy products in SSA is projected to double over the next two
decades (Nyameasem et al.,, 2018).

Dairy production significantly serves various purposes,
including contributing to food and nutritional security, income,
and non-market purposes (Moll et al., 2007). Despite considerable
growth witnessed in the sector in recent years, the demand for dairy
products still surpasses the production level (Marshall et al., 2019;
Ojango et al.,, 2019). However, for sustainable milk production with
the ongoing climate change, attention on dairy production must
shift from increased production per se to increased profitability,
efficiency, and resilience. Sustainable practices that ensure food
security for the growing population and overcome the negative
impacts of climate change on dairy cattle need to be adopted.

Sub-Saharan Africa experiences environmental challenges
including severe droughts, high heat loads, diseases and parasites,
and shortages of feeds and forages, all of which negatively affect
dairy production. The naturally occurring challenges (i.e., intrinsic
characteristics of the environment) such as droughts and high
temperatures, cannot be easily averted through husbandry
interventions. It is therefore vital to breed for improved resilience
and productivity to enable animals to cumulatively weather the
environmental stressors while maintaining or even improving their
productivity (Oloo et al., 2022a).

An animal’s degree of resilience to an environmental
disturbance is demonstrated by its capacity to be minimally
affected by that perturbation or rapidly return to the state
pertained before exposure to the disturbance (Berghof et al,
2019b). The degree of resilience to environmental disturbance is
influenced by various factors, including but not limited to its
genetics, sex, and age (von Holst, 1998; Cockram, 2004; Veissier
and Miele, 2014). However, resilience is not well defined or
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measured in livestock populations of SSA as information on the
related functional traits is limited. This study thus reviews dairy
production in SSA and the challenges it faces, the importance of
resilience in dairy cattle to environmental disturbances, and how
resilience can be harnessed to impact the sub-Saharan Africa dairy
industry positively and sustainably.

2 Status of dairy production in sub-
Saharan Africa

Significant growth in the dairy sector has been witnessed in
recent years because of collaborative performance enhancement
strategies involving various stakeholders in the industry (Marshall
etal, 2019; Ojango et al., 2019). However, with the demand for milk
and dairy products in this region increasing by more than 2% per
annum (Alexandratos and Bruinsma, 2012), production is still
below the demand. Though SSA hosts approximately 14.3% of
the world’s human population, it produces less than 4% of the
global milk (FAOSTAT, 2023). The average consumption of locally
produced milk per head per day in SSA is the lowest globally and
the rate of increase remains minimal (Figure 1A), (FAOSTAT,
2023). Although the average per capita milk consumption increased
from 40.6g/head/day in 2001 to 60.3g/head/day in 2012 in SSA,
thereafter it assumed a declining trend. FAO statistics show that the
average milk yield produced per dairy cow per day in SSA is less
than 2kg, a figure that has not changed for the last two decades
(Figure 1B). Reversing the declining trend needs to be addressed
promptly through research and innovation.

The dairy sector, through dairy products, provides a source of
nourishment and income to millions of people in SSA. It also
contributes to non-marketable intangible benefits roles including
social-cultural needs such as dowry payments, while cull cow and
fattened male calves are slaughtered for cultural occasions and
during important community fetes. The animals are also viewed as
security assets and serve as insurance against uncertainties. They are
also used to finance other needs, for example, proceeds from milk
and cattle sales are used to pay school fees and medical bills. In
many communities, cattle serve as status symbols for their owners,
offering respect and reputation, depending on the number and types
of cattle an individual has (Moll et al., 2007). Products such as
refined milk are used as an avenue of blessing in the Maasai
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FIGURE 1

(A) A trend of average consumption of locally-produced milk per person per day within different regions of the world from 2001 to 2021 based on
FAOSTAT estimate data. (B) A trend of average milk yield produced per cow per day in different regions of the world from 2001 to 2021 based on

FAOSTAT estimate data.

community in Kenya (Arhem, 1989), while manure is used as an
organic fertilizer to support food/feed crop and pasture production
and as fuel for cooking.

In SAA, livestock are raised under different production systems,
ranging from small-scale subsistence farming to large-scale dairy
farms. The descriptions of these systems have been documented by
Chagunda et al. (2016) and Ojango et al. (2017). Distinctive features
of these systems include: the land size, number of cattle owned,
cattle genotype raised, and the level of management. Smallholder
dairy systems have a landholding capacity that is rarely above 4 ha
and herd sizes that vary between one to ten cattle. The genotypes of
cattle reared depend on the level of economic investment and scale
of operation. Smallholder systems mostly keep indigenous breeds
and their crosses with exotic commercial dairy breeds, whereas
large-scale commercial dairy farms mostly keep commercial exotic
dairy breeds and their crosses with indigenous breeds (Ojango
et al., 2016).

Smallholder systems in SSA supply the bulk of the milk needed,
which is approximated to be 80%. Besides dairy cattle, these farmers
keep a range of livestock species and practice mixed crop-livestock
rainfed production (Herrero et al.,, 2010). Animals are grazed in
communal pastures and occasionally receive leafy crop residues
after harvesting as a supplement. Cow-calf milking is usually
practiced whereby the calf is allowed to suckle in short intervals
during the milking process. This is mainly because zebu cows only
freely let down milk in the presence of their calves. Hand-milking is
the common practice twice a day (Duguma and Janssens, 2015),
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mostly early in the morning before animals are taken out for grazing
and in the evening when they are returned for overnight
kraaling/corralling.

Overall, most dairy cattle in sub-Saharan Africa are crossbreds
of highly adapted zebu breeds and high-production potential exotic
breeds such as Ayrshire, Guernsey, Holstein Friesian, and Jersey
(Ojango et al., 2017; Oloo et al., 2022b). This is because indigenous
cattle produce little milk and exotic commercial cattle remain
largely unaffordable to, and unmanageable by majority of farmers
because they are delicate and require high management costs.
Progressive upgrading of indigenous cattle through crossbreeding
using exotic dairy bulls or semen through Artificial insemination
(AI) is the most common strategy for increasing milk production.
Although the uptake of artificial insemination is currently low
(30%), most mating events occur through natural services using
uncertified bulls. While farmers prefer to use Al services, they are
mostly not readily available, and when available, they are unreliable
and expensive compared to bull service (Mwanga et al., 2019). Bull
ownership is dependent on the herd size; farmers with small herd
sizes rarely own a bull and mostly rely on their neighbor’s or
communal bulls while those with large herd sizes have their bulls for
mating (Omer et al., 2021). In cases where genetic evaluation is not
routinely done to inform bull choices, the choice of the breeding
bull is mostly dependent on the proximity of locally available bull to
the farmer (Lukuyu et al., 2019) and a few observable traits such as
color, body formation, and size, as proxies to breed characteristics
(Aman et al., 2021).
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3 Management practices limiting dairy
systems of sub-Saharan Africa

Performance of dairy breeds in SSA is often limited by the
management practices adopted across the different farming systems
as outlined below.

3.1 Inadequate animal husbandry

Since most dairy farmers in this region practice both crop and
livestock production, they are usually busy attending to other farm
chores and involving themselves with other income-generating
activities to make ends meet. This prevents them from dedicating
quality time to tend to their animals, notably ensuring good herd-
health, estrus detection, adequate feed and water intake.
Preventative herd health practices are rare and often ineffective.
Late detection of health disorders increases the cost of treatment,
worsens animal welfare, and reduces milk production (Stachowicz
and Umstitter, 2021). Undetected estrus or conducting Al past the
fertility window results in late ages at first calving and longer calving
intervals (O’Connor, 2016). Farmers mainly manage their herds
based on their knowledge, memory, and experiences, which
sometimes may be inaccurate and misleading (Ojango et al,
2017). Also, poor housing is a major concern in SSA, which
compromises the animals’ welfare leading to low production.
Housing structures are made of different materials, with roofs of
thatch grass, iron sheets, or combination of plastic sheets and grass
thatch. Floors vary from mud, concrete, to sand. Bedding may or
may not be provided. Stalls are mainly wooden and often poorly
drained, leading to slurry accumulation, notably during rainy
seasons. This creates challenges in maintaining cleanliness and
poses risks as pathogens proliferate in the slurry (Ojango
et al., 2017).

3.2 Inadequate and poor-quality feeds

In smallholder systems, cattle are grazed on natural pastures
often on communal land (roadsides, beside riverbeds) and
harvested lands to feed on crop residues with little or no
supplementation with concentrates (Ojango et al., 2017). These
farmers are sometimes not keen on the quality of feed that their
dairy cows are fed, and even when they do, the capacity to assess
feed quality before giving it to their herds if often low or lacking
altogether. Where bought feeds are used, their qualities are not
always assured (Lukuyu et al., 2009). In most cases, all animals are
grazed together in the same field with no supplementary feeding,
irrespective of the different nutritional needs of animals of different
physiological groups. Furthermore, tropical pastures are known to
be of lower nutritional quality compared to those in temperate
regions (Drskov, 2005). Therefore, without supplemental feeding,
animals are often malnourished and predisposed to diseases,
resulting in lower reproductive performance and production yields.
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3.3 Inappropriate breeding practices

Few farmers have clearly defined breeding objectives for their
dairy enterprises. With little information and supportive policies,
inappropriate dairy cattle genotypes that do not match the local
production environments are aggressively promoted by “sellers” of
global dairy genetic companies. This has been precipitated by a lack
of appropriate and comprehensive herd-recording (Hoffmann et al.,
20125 Diurr, 2013; Mrode et al., 2020), hence inability to locally
evaluate and select for milk production and resilience traits within
the existing cattle population in this region. Therefore, most
farmers tend to hitch-hike from selections undertaken in
developed European and North and South American systems.
Although most of the imported dairy genetics have high milk
production potential, they have failed to perform to their genetic
potentials in SSA because of inadequate management levels and
poor adaptability to sub-Saharan African climate and production
systems (Mwai et al., 2015). Moreover, as compared to indigenous
breeds, exotic commercial dairy breeds generally have higher body
weights and maintenance requirements in terms of feed and water
and are thus unsuitable for the smallholder dairy SSA and tropical
systems. Another bottleneck within SSA is unsystematic
crossbreeding, which results in unpredictable results, and often
under-performance (Galukande et al., 2013). If well implemented,
crossbreeding can produce cattle that best match local systems.

4 Climate and environmental
disturbances to dairy production in
sub-Saharan Africa

Environmental disturbances are changes in environmental
conditions that impair the normal functioning of a biological
system (Capucchio et al.,, 2019). The SSA’s climate is
characterized by high ambient temperatures, solar radiation, wind
speed, and relative humidity, as well as seasonal and unpredictable
rainfall. These climatic conditions present several environmental
disturbances that impair the performance and production level of
dairy cattle. The most common disturbances in SSA include heat
stress, seasonal and scarcity in supply of water, diseases, and
disease pressure.

4.1 Heat stress

Every animal has a thermal range within which it can
comfortably operate without its normal physiological functions
being altered or compromised. Heat stress in animals occurs
when the rate of heat energy gain is higher than the rate of heat
dissipation (Gantner et al., 2015). Animals gain heat either from
metabolic processes such as respiration, digestion, and lactation or
from their environment. They dissipate excess heat through
evaporative heat loss mechanisms to maintain their thermal
comfort zone (Angel et al., 2018). When ambient temperatures
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are high, animals accumulate extra radiant energy that they do not
need. If coupled with high relative humidity, as commonly
witnessed in many parts of SSA, evaporative loss of heat is
compromised, making the animal to be heat-stressed
(Bohmanova et al., 2007). Heat stress is quantified based on the
temperature-humidity index (THI); high air temperature and high
relative humidity increase the THI. Due to increasing global
warming as a result of climate change, heat stress on animals in
SSA is expected to increase (Ekine-Dzivenu et al, 2020; Ekine-
Dzivenu et al., 2022). Heat stress has various negative impacts on
the dairy production industry.

Heat stress affects the quality of milk by reducing the fat content
of milk and causing low-fat milk syndrome. During rumen
fermentation, rumen microbiota metabolizes almost all hexoses
into pyruvate through the glycolytic pathway. Pyruvate is then
broken down in different pathways into mainly three volatile fatty
acids: acetate, propionate, and butyrate (Ungerfeld, 2020). The
resulting ratio of acetate to propionate is an indicator of milk fat
synthesis and is greatly affected by the diet of animals. Heat stress
changes the diet preference and composition of cows significantly
by increasing the intake of more concentrates compared to
roughages (Uyeno et al, 2010) due to a higher amount of total
digestible nutrients in concentrates. Feeding in diets rich in readily
fermentable carbohydrates lowers the pH in the rumen, which leads
to lower acetate and higher propionate production and an
unbalanced ratio of acetate to propionate (National Research
Council, 1988). Acetate is a precursor of milk fat; hence,
reduction of its production volume results in reduced fat content
in the milk (Baumgard and Rhoads, 2013; Angel et al., 2018).

Animals acclimatize to heat stress by adopting physiological
responses that alleviate the negative effects of thermal challenge.
One such response is a reduction in feed intake, which ensures that
less feed is digested, hence decreasing metabolic heat produced
through digestion process. Although this response helps the animal
to immediately weather the stress, it reduces the milk production
volume as less nutrients are available for milk production (Summer
et al., 2019). Thermal stress also reduces the plantation cover
including those utilized by dairy cattle for nutrients, which leads
to a shortage of feed for dairy cows resulting in reduced dry
matter intake.

Decreased feed intake in heat-stressed animals lowers the
quantity of hexoses in feed to be broken down to release energy.
As a result, these animals tend to metabolize their reserves to obtain
energy to support basic metabolic processes. Therefore, the demand
for glucose for energy is increased, which increases the rate at which
glucose enters cells for glycolysis (Baumgard et al., 2007). Also, a
heat-stressed lactating cow has increased concentrations of basal
insulin (Baumgard and Rhoads, 2013) which decreases the rate of
gluconeogenesis (Hatting et al., 2018). The upshot of reduced
synthesis of glucose in the liver, less intake of hexoses, and high
demand of glucose for energy is lower availability of glucose in the
mammary gland to support the synthesis of lactose (Nardone et al.,
1997; Nardone et al.,, 2010). Lactose is the prime sugar present in
milk and, owing to its primary role in milk osmoregulation, it is the
main determinant of milk production volume (Holsinger, 1997).
Therefore, limited availability of glucose lowers the milk lactose

Frontiers in Animal Science

10.3389/fanim.2023.1254877

content and milk yield and could account for reduced milk yield not
directly explained by reduced feed intake under hot and
humid conditions.

Thermal stress causes animals to be more susceptible to sub-
clinical and acute rumen acidosis. A study by West (2003)
demonstrated high respiratory rates in heat-stressed animals.
Hyperventilation increases the rate at which carbon dioxide
(CO,) is exhaled and induces a decrease in blood CO, levels. The
body of the animals responds to low blood CO, levels through
secretion of bicarbonate ions by kidney to level up this ratio
(Schneider et al., 1988). However, this creates another problem by
reducing the available bicarbonate ions that can be used in saliva to
buffer and maintain a healthy rumen pH. Moreover, ruminants
drool when panting, and this lowers the quantity of saliva that
would otherwise be deposited in the rumen (Nardone et al., 2010).
Decreased feed intake and reduced forage-to-concentrate ratio
cause cattle to ruminate less, hence produce less saliva. These
reductions in the salivary bicarbonate ions concentration,
quantity of saliva produced, the amount of saliva entering the
rumen, and forage intake make thermal-stressed cattle to be
much more exposed to rumen acidosis (Kadzere et al,, 2002;
Plaizier et al., 2008).

High temperatures reduce the reproductive performance of the
cows. Exposure of heifers and cows to heat-stressing conditions
suppresses progesterone production and decreases its plasma
concentration (Wolfenson et al., 2000). Low plasma progesterone
concentrations impair follicular development, leading to aberrant
maturation of oocytes in the ovulatory follicle, and consequently
resulting in low conception rates (De Rensis and Scaramuzzi, 2003).
It also interferes with ovarian steroidogenesis, a process by which
ovarian cells produce hormones for the maintenance of
reproductive tissues, regulation of ovarian function and ovulation,
and the establishment of pregnancy. This subsequently affects
formed corpus luteum and alters endometrial morphology and
function in the ensuing cycle. This may lead to increased rates of
embryo losses following successful insemination (Wolfenson et al.,
2000). Besides, reduced feed intake in heat-stressed cows may result
in negative energy balance which causes a decreased concentration
of glucose and insulin-like growth factor-1. These metabolites play
important roles in oocyte quality, follicular growth, and
implantation (Madhusoodan et al, 2019). Hot conditions also
compromise the estrus behavior of cows and might lead to up to
80% rate of undetected estrus (De Rensis and Scaramuzzi, 2003;
Hernandez-Castellano et al., 2019). Heat stress reduces growth rates
and eventually mature body sizes in dairy cattle through reduction
of available feeds and dry matter intake (Angel et al.,, 2018). This
results in delayed sexual maturity and the onset of puberty (Le
Cozler et al.,, 2008; Krpalkova et al., 2014; Duplessis et al., 2015).

4.2 Water constraints

Clean water is one of the most important nutrients for a dairy
cow and should always be available. Animal performance
deteriorates more quickly and drastically under deficient water
intake than any other nutrient deficiency. Cattle and any other
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domesticated animal can live for about 2 months without food but
cannot cope for more than a week without water (Lardy et al., 2008).
Water plays multiple physiological roles in the body of the animal,
for instance, during lactation, water forms the major component of
the milk as it comprises 87-88% of the milk. In metabolism, water is
critical in the transportation of nutrients and metabolites to and
from the tissue by the circulatory system. It plays a vital role in
excretion, electrolyte balance, and thermoregulation. During
pregnancy, water in form of amniotic fluid provides fluidity and
cushioning environment for the developing fetus in the uterus (Giri
et al., 2020).

Water intake requirement of a dairy cow is influenced by body
weight, lactation stage, milk production potential, physiological
state, dry matter intake, composition of diet, and climatic factors
(Wakchaure et al., 2015; Wagner and Engle, 2021). Water
consumption is directly associated with the body weight and size
of the animals. Lactating and pregnant cows require more water
than non-lactating and nonpregnant cows to support milk synthesis
and fetus development, respectively. Dairy cows of higher genetic
merits require a large amount of water compared to animals with
low milk production potential. Likewise, cows in early stage of
lactation require more water as compared to those in mid or late
lactation. Physiological stress such as sickness may lead to reduced
water intake. Newly acquired animals may show low water intake
simply because they are not accustomed to the new environment or
due to differences in the taste of water (Lardy et al., 2008). Diets
with increased salt or protein concentrations such as concentrate
feed trigger increased water intake by increasing the frequency of
urination and urine volume of urine, both of which are needed to
excrete the extra salt and urea. Cows fed on total mixed rations were
found to drink more water than those depending on pastures (Jago
et al,, 2005). The higher the feed intake, the higher the amount of
water intake required for proper digestion.

Despite the importance of water to dairy production, sub-
Saharan Africa faces several water challenges that mainly include
shortage and seasonality in supply, poor quality, and long distances
to watering points. A baseline survey on dairy farming systems was
carried out by the African Asian Dairy Genetic Gains (AADGG)

10.3389/fanim.2023.1254877

project of the International Livestock Research Institute (ILRI) in
Ethiopia and Tanzania (https://portal.adgg.ilri.org/). It found that
seasonality in supply (44%), poor water quality (34%), and long
distances to the water source (22%) were the most common water
constraints experienced by farmers in Ethiopia (Figure 2). In
Tanzania, long distances to the water points (49%), seasonality in
supply (28%), and poor water quality (23%) were the most
common challenges.

In SSA, shortages of clean water supply limit the development
and adoption of technologies in the mixed crop-livestock systems.
Farmers in this region depend on boreholes and wells, rivers,
seasonal streams, and rainfall for water for domestic use and
farming activities. Irrigation schemes are only practiced by large-
scale and capital-intensive mechanized farms. A bigger section of
sub-Saharan Africa experiences low, unreliable, and seasonal
rainfall patterns on a yearly basis. This scarcity and seasonality of
rainfall reduces the flow and amount of water in the rivers, causing a
general shortage in the supply of water. Low rainfall results in long
periods of droughts that deprive the nature of its ability to supply
the nutritional needs of humans and animals. It causes a scarcity of
vegetative cover, which leads to animal feed unavailability. For
example, it is common practice for the pastoral communities in the
northern part of Kenya to engage in deadly fights for pasture
grounds and water sources for their herds during the dry season
(Mkutu, 2004; Schilling et al., 2012). Owing to poor infrastructure,
limited investments are made to harvest and preserve water during
the rainy seasons. In most smallholder systems of SSA, the amount
of water provided to dairy cattle is normally rationed depending on
availability, thus severely limiting the production potential of the
animals (Ojango et al., 2017).

Animals also move for long distance in search of drinking
water, thus predisposing them to diseases such as lameness and
Foot and Mouth disease which easily spread because of mixing with
animals from different places at the water source (Fevre et al., 2006).
It also affects the growth and milk production of the cows as a
greater portion of energy is expended in walking, making it difficult
to meet the maintenance energy requirement for growth and milk
production (McLennan et al., 2017; Fust and Schlecht, 2018).

Water Availability Challenges

Proportion of respondents

= N w N « o
5 S & s & g
] ] R R ] ]

]
]
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Country

Wlong Distance  CIPoor Quality M Seasonality

FIGURE 2

Main challenges affecting water availability as reported by farmers registered under the African Dairy Genetic Gains (ADGG) project of the

International Livestock Research Institute (ILRI).
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During the dry season, it is hard to recover the energy lost in
walking through feeding as the feed quality normally declines.
Moreover, cattle need to drink about 3 to 4 litres of water for
every kilogram of feed dry matter ingested. While fresh grasses in
the rainy season supply much of this needed water given their high
moisture content (Turner and Schlecht, 2019), enough water intake
is imperative in dry seasons to help the animal digest the dry fibrous
forage. Failure to meet the demand for water intake during this
season would greatly impair animal health and nutrition. The
movement of animals in search of water also reduces feed intake.
Time spent by animals while walking for long distances to get water
diminishes the grazing time, especially when no or limited feed
resources are available on their route. Besides, extended waiting
times at water points reduce the time available for grazing.

Poor quality of water affects health, reproduction, growth, and
production performance of animals. When the quality of water is
compromised, lactating cows reduce their water intake, and
consequently their milk production, thus resulting in significant
economic losses (Van Eenige et al., 2013). Poor quality of drinking
water can also reduce body growth indirectly by causing the animal
to reduce its feed intake. Analyses by Willms et al. (2002) found that
cattle drinking clean water had greater weight gains because they
spent more time grazing than resting or standing. Poor-quality
water can also serve as a reservoir for toxins and waterborne
microorganisms. Stagnant water that is contaminated with
manure and other nutrients may favor the proliferation of blue-
green algae, which can cause poisoning to animals or even death.
Some Leptospirosis-causing microorganisms, such as Leptospira
species that are spread through the urine of carrier animals, can
use stagnant water sources to spread from one animal to another
(Pfost et al,, 2001). The disease presents itself with reproductive
problems such as abortions, infertility, and low milk production
(Lilenbaum and Martins, 2014).

4.3 Diseases and disease pressure

A disease is a condition that alters the normal functioning of the
animal’s body. Cattle can host many infectious agents, including
bacteria, viruses, fungi, and a wide range of parasites such as
ectoparasites, protozoa, and worms. Most of these pathogens
cause disease in humans or are closely related to human
pathogens. Bovine diseases cost the economy of sub-Saharan
Africa billions of US$ per annum, promote food insecurity, and
alter socioeconomic development (MacGregor et al, 2021).
Examples of the main parasitic infections in cattle include animal
African trypanosomiasis (AAT) caused by Trypanosoma spp, and
East Coast Fever (ECF) caused by Theileria parva, while an example
of viral infection is the Foot and Mouth Disease (FMD), a highly
contagious viral infection of cloven-hoofed animals including
domesticated ruminants and swine and is caused by a virus
belonging to the Aphthovirus genus, in the Picornaviridae family
(Belsham, 1993).

Mastitis is the inflammation of the mammary glands and udder
tissues as a result of either an immune response to a bacterial
infection of the teat canal or physical injury of the udder of the cow
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(The Cattle Site, 2021). It is one of the most common production-
related bacterial caused infections for cows in SSA and results in
huge economic losses, especially in small-scale dairy systems
(Chagunda et al,, 2016). Two types of mastitis are distinguished:
infectious/contagious mastitis is acquired by the transmission of the
infectious bacteria from one cow to another, and environmental
mastitis acquired from bacteria present in the environment of the
animals. Major bacterial species that cause mastitis include
Staphylococcus aureus, Escherichia coli, Streptococcus agalactiae,
Streptococcus uberis, and Streptococcus dysgalactiae (Bradley and
Green, 2005). Subclinical mastitis does not show any noticeable
symptoms. Clinical mastitis presents with painful swelling, redness,
and hardness of the udder, fever, loss of appetite, reduction in
activity, and reduction in milk yield.

The climatic conditions of sub-Saharan Africa favor
proliferation of diseases in various ways. High temperatures in
this region increase the growth rate and multiplication of most
parasites and pathogens that spend part of their life cycle outside
their animal host (Harvell et al., 2002). It has been previously shown
that the ability of some arthropod vectors to get and remain infected
with viruses increases with an increase in global temperature
(Wittmann and Baylis, 2000). This increases the rate at which
these viral diseases spread from one host to another. High
temperature also increases the feeding frequency of arthropod
vectors (Thornton et al, 2009). Thus, warmer temperatures of
SSA might increase the successful transmission of diseases by
increasing the rate at which vectors acquire and transmit the
infection by feeding from one host to another. The spread of
some pathogens through their vectors is further aided by the
speed and direction of wind, which can be high in some part of
SSA (Thornton et al., 2009).

Inadequate management practices also contribute to the spread
of diseases in this region. Intensification of livestock in a small piece
of land leads to overcrowding and when not well-managed,
increases the spread of disease from one animal to another.
Failure to properly clean and regularly sanitize the cattle houses
offers the infectious agents a chance to multiply and infect the
animals. Grazing on communal pastures leads to the spread of
bovine diseases across the cattle herds within that community.
Because of poor disease prevention, detection, and monitoring
knowledge and capacity (Machila et al, 2003; Hernandez-
Castellano et al., 2019), sick animal ends up spreading infectious
diseases to other animals before the farmer notices the presence of
the disease. In most cases, animals have to fight and recover from
undetected diseases on their own without any medical intervention,
which negatively impacts their welfare. For instance, the baseline
survey of the AADGG project indicated that most farmers did not
practice any disease-preventative measures, especially in Ethiopia
(Table 1). Lack of quality and enough feed and fodder to supply the
nutritional needs of the cattle causes them to be nutrient deficient
and weakens their immune system. This increases susceptibility to
new diseases, reduces the capacity to fight acquired infections, and
increases the mortality rates in calves and mature cattle.

Due to increased human population growth and rate of
urbanization in SSA, the natural areas are increasingly being
encroached on and used for agricultural production. Forests are
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TABLE 1 Status of the practice of preventative measures of cattle diseases by Ethiopian and Tanzanian farmers registered under the African Dairy
Genetic Gains project of the International Livestock Research Institute at the time they joined the project.

Ethiopia

Preventative Method Yes (%)

Respondents

No (%)

Tanzania

Respondents = Yes (%)

Deworming 1371 26 (1.9%) ‘ 1345 (98.1%) ‘ 5603 ‘ 4059 (72.4%) ‘ 1544 (27.6%)
Tick Control 1371 133 (9.7%) ‘ 1238 (90.3%) ‘ 5603 ‘ 2718 (48.5%) ‘ 2885 (51.5%)
Vaccination 1371 187 (13.6%) ‘ 1184 (86.4%) ‘ 5603 ‘ 1856 (33.1%) ‘ 3747 (66.9%)

perceived as legitimate areas for grazing animals. Such
encroachments result in increased interaction between livestock
and wildlife and diseases being transmitted between wild and
domesticated animals, hence increasing the incidence of zoonotic
diseases among livestock and humans (Bengis et al., 2002).

5 Response of the animals to stressors
in their environment

Animals must continually adapt to the changing nature of their
environment during their lives. The major coping mechanism to the
disturbances in the environment that the animals adopt can be
classified as either proactive and reactive coping styles (Koolhaas
et al,, 1999; Colditz and Hine, 2016). The proactive coping style is
characterized by increased behavioral activity, higher sensitivity of
the dopaminergic reward system, and higher reactivity of the
sympathetic autonomic nervous system (SAM) in a stressful
situation. On the other hand, reactive coping is characterized by
lower behavioral activity, such as low aggressivity and withdrawal,
higher hypothalamic-pituitary-adrenal (HPA) axis, and elevated
parasympathetic reactivity (Cooper, 2008). When animals are
exposed to increasing levels of disturbance, their capacity to cope
is reduced. They, then, invest much of their energies and efforts
towards their survival, which often increases the cost of maintaining
their physiological normal functionality (Kadzere et al., 2002;
Roberts N, 2007).

Adaptation is broadly described as a change that reduces the
physiological strain that is caused by a stressful component of the
total environment on an individual animal. Two main forms of
adaptation have been described: Physiological and Biological
adaptation (Gaughan et al,, 2009). Physiological/phenotypic
adaptation is the ability of an animal to respond to acute or
sudden environmental change behaviorally or metabolically.
Using heat stress as an example, physiological adaptations include
increased respiration rate for enhanced evaporative cooling, as well
as higher pulse and heart rates. Animals also increase sweating to
release excessive heat (Rashamol et al, 2018). Besides, animals
spend much of their time standing and changing orientations to
circumvent direct solar and ground radiation (Madhusoodan et al.,
2019), and expose more surface area to convection thus, increasing
evaporative heat loss (Berman, 2006; Allen et al., 2015). Milk
production also decreases as cows prioritize survival over milk
production. And during water shortages, animals adjust their feed
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intake to match water intake level for efficient digestion (Willms
et al., 2002).

Genetic/biological adaptation involves cumulative evolutionary
processes and results from cumulative genetic changes over
generations and time, and through environmental stimulation
and experiences during the lifetime of an animal. Animals that
have evolved to survive in adverse conditions have generally high
resistance to stress and longer lifespan, coupled with low metabolic
rates, late maturation, smaller mature sizes, and a slower rate of
development (Parsons, 1994; Hansen, 2004; Gaughan et al., 2009).
This form of adaptation is influenced by genetic makeup, and it
determines an animal’s ability to tolerate harsh conditions such as
drought, high temperature, pests, and diseases (Tsegaye and
Ebrahim, 2018).

Most of indigenous SSA’s cattle breeds have developed many
adaptive traits that increase their survivability in prevailing and
increasingly harsh conditions (Kim et al., 2017). Bos indicus breeds
evolved to acquire genes for thermotolerance and they have a higher
degree of heat tolerance than Bos taurus cattle and can perform
equally in hot climates (Sejian et al., 2013). These breeds have heat
proteins 70 (Hsp 70) that are expressed to protect the animals from
heat shock (Naskar et al, 2012). The skin properties also differ
among breeds. Zebu cattle have smooth and shiny hair coats that act
to reduce heat absorption via radiation (Hutchinson and Brown,
1969). Many zebu breeds have hair of light color that helps them
reflect much of solar radiation. Zebu cattle have more and larger
sweat glands that are closer to the skin than taurine cattle (Dowling,
1955; Nay and Haymani, 1956; Hansen, 2004). Resistance to one or
more pests and diseases is another form of genetic adaptation used
by animals, especially in areas with high disease pressure. Zebu
cattle tend to be more resistant to tick infestation than taurine cattle.
For instance, Sahiwal cattle are resistant to parasitic infection of
Theileria annulata and N’Dama cattle to Anaplasma marginale and
Haemonchus contortus (Naskar et al., 2012). African breeds are well
known for total (e.g., N’'Dama) or some level (e.g., Orma Boran) of
tolerance and resistance against trypanosomiasis (Mwai
et al., 2015).

6 Resilience of dairy cattle to
environmental disturbances

An animal’s degree of resilience to a disturbance is
demonstrated by its capacity to be minimally affected by the
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perturbation or rapidly return to the state pertained before
exposure to the disturbance (Berghof et al., 2019b). These
disturbances are normally situation-specific, episodic, or
sporadic and not permanent attributes of the environment
(Colditz and Hine, 2016). Degree of resilience, therefore,
compares the differences in the magnitudes of phenotypes
associated with resilience among individuals after exposure to
environmental challenges (Rutter, 2012) and is a measure of better
adaptability or lower sensitivity to a challenging state of affairs.
This means that, when exposed to a disturbance, the performance
of a resilient animal need not be the same as when it is under no
disturbance, but rather, the negative change in its performance
would be relatively lower compared to less resilient individuals
that are exposed to similar disturbances.

6.1 Significance of resilience of dairy cattle
in SSA

Breeding for resilience of cattle genotypes in SSA would help
increase production efficiency and profitability of dairy production.
Resilient animals are generally healthier, more fertile, and have a
longer productive life. Resilient dairy cattle, therefore, have lower
veterinary and disease management costs, produce more from
similar levels of inputs, and give higher total lifetime returns. A
less-resilient herd, on the other hand, results in high production
losses due to high mortality and morbidity rates and lower-than-
optimal production yields. Extra resources are usually used to care
for less resilient cows (Berghof et al., 2019b).

Improving the resilience of cattle to environmental stressors
enables better animal welfare experiences. Dairy cattle in good
welfare experience less or no disturbance and thus are likely to
perform optimally. Besides benefits related to fertility and
production, animals in good welfare attract better prices in the
market and hence fetch more income for the farmer.

10.3389/fanim.2023.1254877

Degree of intrinsic resilience prepares the animals for the future
unseen consequences of climate change and ensures future food
security for human beings. Global climatic conditions have been
predicted to become warmer, with the temperature rising by up to
4.8°C by the next century (IPCC 2014). With the world becoming
warmer, shortages of water and forage (feed and fodder) available
for dairy cattle as well as the emergence of novel diseases and
resistant infectious agents are expected to rise. Continuous
improvement of the resilience capacity of animals would ensure
that animals are able to survive future adversaries and continue to
supply dietary needs to the rising human population.

6.2 Indicators of resilience

6.2.1 Indicators of general resilience

These are indicators that capture more resilience to
microenvironmental disturbances than macroenvironmental
stressors and are based on fluctuations from the normal
performance of the animal. They include variance of deviations,
root mean square deviations, lag-1 autocorrelation of deviations,
and skewness of deviations. These indicators have been shown to be
genetically variable (Tables 2 and 3) hence can be used to select for
resilience in livestock. They have been shortly described below.

6.2.1.1 Variance of deviations

Variance of deviations indicates the impact of the disturbance
on the performance of an individual animal. It is sometimes known
as inherited variability, uniformity, environmental or residual
variance (Berghof et al, 2019b). The biological functioning of
resilient animals is less affected by disturbances in the
environment. As such, resilient animals have a smaller range of
deviation from their expected performance, hence a low variance of
deviations. The performance of less resilient animals tends to be

TABLE 2 Published heritability estimates of some of the indicators of resilience using different types of longitudinal data collected from cattle.

ilfqilsigigcrs Measurable trait Sample Size h? estimates References
Variance of deviations Milk yield
Parity 1 67,025 0.1 Elgersma et al., 2018
Parity 1 198,754 0.198-0.244 Poppe et al., 2020

Lag-one autocorrelation of
deviations

Skewness of deviations

Parity 1, 2, and 3, respectively

Parity 1
Milk yield

Parity 1

200,070, 155,723, and 89,963,

0.20, 0.18, and 0.19,

Poppe et al., 2021a

respectively respectively
199,074 0.17-0.18 Poppe et al., 2021b
198,754 0.083-0.095 Poppe et al., 2020

Parity 1, 2, and 3, respectively

Parity 1

Milk yield (parity 1)

200,070, 155,723, and 89,963,

0.084, 0.073, and 0.058,

Poppe et al., 2021a

respectively respectively
199,074 0.064-0.074 Poppe et al., 2021b
198,754 0.011-0.017 Poppe et al., 2020
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TABLE 3 Published heritability estimates of some of the indicators of resilience using different types of longitudinal data collected from other
livestock species.

Resilience indicators Livestock species ~Measurable trait = Sample size = h? estimates = References
Variance of deviations Chicken Body weight 1,593 0.1 Berghof et al., 2019a
Feed intake 1,341 0.21 Putz et al., 2019
Root mean square deviations Pigs
Duration at a feeder 1,341 0.26 Putz et al., 2019
Lag-one autocorrelation of deviations Chicken Body weight 1,593 0.11 Berghof et al,, 2019a
Skewness of deviations Chicken Body weight 1,593 0.09 Berghof et al., 2019a
Goat Milk yield 20,546 0.11 Sanchez-Molano et al., 2019
Slope of the reaction norm Body weight 4,469 0.146 Sanchez-Molano et al., 2020
Sheep
Milk yield 36,908 0.12-0.17 Tsartsianidou et al., 2021
Goat Milk yield 20,546 0.09 Sanchez-Molano et al., 2019
Absolute value of the reaction norm
Sheep Body weight 4,469 0.138 Sanchez-Molano et al., 2020

variable because they are more affected by the stressors in their
environment, therefore, they have a higher variance of deviations
(Berghof et al, 2019b). Most studies have reported significant
negative genetic correlations between variance of deviation
(derived from different types of longitudinal data) and fertility
and fitness traits (Table 4). This points toward the possibility for
utilizing this indicator to measure the general resilience of
dairy animals.

6.2.1.2 Root mean square deviations

Just like variance of deviations, root mean square deviations
(RMSD), or root mean square error (RSME), indicates the impact of
disturbance on the performance of an individual animal. It is a
square root of the raw variance of deviation. A larger RMSD value is
expected from a less resilient animal and smaller values for resilient
animals. Given the mathematical attribute of this indicator, a large
number of records is needed in order to avoid erroneous grouping
of animals with fewer records as more resilient (Putz et al., 2019).
Although not on cattle, this indicator using feed intake and duration
on pigs was found to have moderate heritability estimates (0.21 and
0.26, respectively) and to be favorably correlated with the number of
treatments (0.56 and 0.62) and mortality (0.37 and 0.60) in a health-
challenged environment (Putz et al., 2019).

6.2.1.3 Lag-1 autocorrelation of deviations

This indicator shows the duration of the impact of disturbance
or the rate of recovery from the disturbance. The biological
principle behind Lag-1 autocorrelation (r,) is that a disturbance
would mostly cause animals to deviate from their normal
performance and animals would recover from the disturbance at
different rates depending on their degree of resilience. Resilient
animals are expected to recover faster from disturbances and thus
tend to have shorter and fewer stretches of negative deviations than
less resilient animals. As a result, the similarity between subsequent
deviations is low. The opposite is the case for less resilient animals.
An autocorrelation around one indicates that deviations are because
of a similar stressor thus, an animal is influenced by the disturbance
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and has a slower rate of recovery from the disturbance. An
autocorrelation around -1 indicates that the deviations are
opposite; although an animal is affected by the perturbation, it
has a quick and overcompensating response to the perturbation.
Past studies have reported low but significant heritability estimates
for Lag-1 autocorrelation on both cattle (Table 2) and other
livestock species (Table 3) denoting that it contains information
on genetic variation among the individuals in the population. Weak
and negligible genetic correlations between health traits and r,u
have been observed in past studies (Table 4).

6.2.1.4 Skewness of deviations

This indicates the direction of the deviation and captures the
level of severity of the disturbance experienced by an individual
animal. Less resilient animals are more influenced by disturbances
and thus have more negative than positive deviations, which leads
to a negative skewness around —1. Resilient animals have skewness
around zero because they have almost equal numbers of negative
and positive deviations. An animal that is responding positively to
environmental improvement should show a positive skewness due
to positive deviations. Past studies have reported low heritability
estimates (Tables 2 and 3) and unexpected genetic correlations with
fitness and health traits for skewness of deviations. Skewness of
deviations around zero is expected to show good resilience.
However, in a study by Poppe et al. (2020), it was observed that
skewness of deviations around zero was genetically associated with
a shorter productive life span, lower body condition score, and
higher ketosis in dairy cattle. Berghof et al. (2019a) also could not
predict mortality or lesion scores of chickens using estimated
breeding values for skewness. For this reason, skewness might not
be a promising indicator of resilience.

The indicators listed and discussed above having generally low
to moderate heritabilities, most of them have moderate genetic
correlations with fitness-related traits such as fertility, health, and
longevity, signifying their importance in dairy production. Direct
assessment of fertility, longevity, and health is expensive in terms of
time, cost, and labor because it requires more and different datasets
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TABLE 4 Published genetic correlations of log-transformed variance (LnVar) and lag-1 autocorrelation (rauo) of deviations in cow milk yield with
fertility, health, metabolic, and production traits.

Genetic correlation

Sample size Species (data used) References
LnVar lauto

Calving interval -0.22 - 67,025 Cattle (milk yield) Elgersma et al., 2018
Interval-first to last insemination -0.12 - 67,025 Cattle (milk yield) Elgersma et al., 2018
Combined fertility -0.09 to —-0.17 —0.04 to -0.08 198,754 Cattle (milk yield) Poppe et al., 2020
Combined fertility —-0.25 to —-0.35 —-0.11 to -0.05 89,963 to 202,202 Cattle (milk yield) Poppe et al., 2021a
Udder health -0.36 - 67,025 Cattle (milk yield) Elgersma et al., 2018
Udder health -0.22 to —0.32 -0.09 to —0.19 198,754 Cattle (milk yield) Poppe et al,, 2020
Udder health —-0.21 to —0.33 —0.07 to —0.27 89,963 to 202,202 Cattle (milk yield) Poppe et al., 2021a
Claw health -0.07 - 67,025 Cattle (Milk yield) Elgersma et al,, 2018
Hoof health —-0.03 to —0.04 —-0.01 to 0.01 198,754 Cattle (milk yield) Poppe et al., 2020
Hoof health —-0.09 to -0.19 —0.04 to 0.04 89,963 to 202,202 Cattle (milk yield) Poppe et al., 2021a
Ketosis -0.52 - 67,025 Cattle (milk yield) Elgersma et al., 2018
Ketosis —-0.27 to —0.33 -0.02 to —0.11 198,754 Cattle (milk yield) Poppe et al., 2020
Ketosis —0.41 to —0.48 -0.01 to —0.17 89,963 to 202,202 Cattle (milk yield) Poppe et al,, 2021a
Longevity -0.30 - 67,025 Cattle (milk yield) Elgersma et al., 2018
Longevity —0.28 to —0.34 -0.03 to 0.01 198,754 Cattle (milk yield) Poppe et al., 2020
Longevity -0.04 to -0.18 —0.05 to 0.04 89,963 to 202,202 Cattle (milk yield) Poppe et al., 2021a
Body condition score —0.29 to —0.40 -0.01 to -0.07 198,754 Cattle (milk yield) Poppe et al., 2020
Body condition score —-0.22 to —0.42 -0.10 to 0.04 89,963 to 202,202 Cattle (milk yield) Poppe et al,, 2021a
Dry matter intake —0.54 to —0.66 —-0.07 to -0.19 198,754 Cattle (milk yield) Poppe et al., 2020
Dry matter intake —-0.30 to —0.59 —-0.04 to -0.39 89,963 to 202,202 Cattle (milk yield) Poppe et al., 2021a
Average daily milk yield 0.75 to 0.79 0.15 to 0.20 198,754 Cattle (milk yield) Poppe et al., 2020
305-day total milk yield 0.61 to 0.64 0.10 to 0.18 198,754 Cattle (milk yield) Poppe et al., 2020
305-day total milk yield 0.48 to 0.69 -0.04 to 0.15 89,963 to 202,202 Cattle (milk yield) Poppe et al,, 2021a

to be collected. These empirical indicators can easily be integrated
into selection indices for dairy cattle in SSA, since they use the same
data that are used to assess other performance traits, such as growth
and production.

6.2.2 Indicators of specific resilience

These indicators capture resilience of animals to
macroenvironmental disturbances. Macroenvironmental stressors
are environmental disturbances such as heat stress, inadequate
supply of water and feed, and disease pressure that affect the
entire population. These indicators capture the severity of
macroenvironmental disturbances and are specific to that type of
disturbance. They measure how stable the animal performs in
different intensities of a disturbance. Some of these
indicators include:
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6.2.2.1 Slope of the reaction norm

A reaction norm is the spectrum of phenotypic variation
produced when individuals of the same genotype are exposed to
varying environmental conditions. The slope of the reaction norm
is the number that describes both the direction and the steepness of
the reaction norm. It measures the phenotypic change in the
performance of an individual animal in response to disturbances
in the field (phenotypic plasticity). It indicates the severity of
macro-environmental disturbance experienced by an
individual animal.

Under the assumption that a stressor is reducing the trait values,
animals that are not influenced by these disturbances are expected
to have a positive slope or a slope of zero, whereas those affected by
the disturbance should have slopes below zero. The steeper the
negative slope, the more the animal is influenced by the respective
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disturbance, and the more the animal is less resilient (Berghof et al.,
2019b). The slope of the reaction norm has a weak but significant
(p<0.01) positive genetic correlation (0.04 to 0.05) with total
lifetime milk yield in goats (Sanchez-Molano et al, 2019). This
shows that animals with high milk production potential are more
likely to have their production influenced by the changes in

their environments.

6.2.2.2 Absolute value of the slope of reaction norm
Absolute value of the reaction norm is the distance of the slope
of the reaction norm from zero. It indicates the stability or volatility
of animal performance in relation to a disturbance in the
environment. The closer the absolute value to zero, the more
stable and resilient the animal is. Previous studies showed that
the absolute value of the reaction norm has a moderate genetic
correlation with total lifetime milk yield (0.46) in dairy goats
(Sanchez-Molano et al, 2019) and a weak negative correlation
(—0.152) with weight gain in sheep (Sanchez-Molano et al., 2020).
This implies that resilient animals do not allocate resources to the
production of milk at the expense of their health and welfare.
Resilient animals (with low absolute values of the reaction norm)
have also higher average weight gain than less resilient animals.

7 Adapting resilience in dairy systems
of SSA

Availability of large volumes of performance data on the
animals is critical for quantification and genetic improvement of
resilience to environmental disturbances. Nevertheless, routine
collection of data is a major drawback in livestock production
systems in SSA. Some of the reasons put forward for the lack of data
include poor infrastructure, unsupportive policies, unavailability of
data recording organizations to support the farmers, small herds,
limited knowledge among farmers and institutions on recording
and processing of data as well as feedback generation, and
inadequate mobilization and allocation of resources to support
farmers (Ojango et al., 2017; Ojango et al., 2022).

Perhaps the resources being allocated to improve resilience in a
trait-by-trait manner could be channeled to the frequent collection
of quality longitudinal data, such as milk yield, growth traits, and
activity patterns. Improved data quality and quantity would not
only help to assess resilience but also improve production
performance. Projects such as African and Asian Dairy Genetic
Gains (AADGG, https://portal.adgg.ilri.org/) program have come
up with innovative digital recording and farmer education systems
and solutions to help address these situations. AADGG program led
by ILRI is funded by the Bill & Melinda Gates Foundation (BMGF)
and is an integral part of the CGIAR Initiative on Sustainable
Animal Productivity for Livelihoods, Nutrition and Gender
Inclusion (SAPLING). It is capturing and managing large
volumes of performance data from both small- and large-scale
farmers in eastern Africa and is pulling related weather data to
derive indicative resilience traits. Future efforts aim to capture
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resilience related traits using various sensor-based technologies
more directly. Over time, accumulated data can be used in
genetic evaluations. Another ILRI-led BMGF funded project,
EnviroCow, is developing phenotyping tools as well as genetic
selection tools in SSA for novel animal traits such as methane
emission intensity, feed requirements for maintenance and milk
production, calf survival rate, and stability of milk. These projects
aim to grant small-scale farmers in SSA access to more productive,
feed-efficient, and resilient cattle genotypes, ultimately increasing
their income levels.

7.1 Examples of phenotypes related
to resilience

These are phenotypes that can be utilized to quantify resilience
of the animals either directly or by analyzing them using one of the
methods named above. The phenotypes to be used to quantify
resilience in SSA should be easy, and cost and labor effective to
measure. The tools used to collect these phenotypes should be easily
available to make their use scalable. Some of the phenotypes that
meet such criteria include body energy-related traits, physical
activity patterns, and milk production profiles.

7.1.1 Body energy-related traits

These include body weight and related body linear
measurements such as heart girth and body condition at a
specific stage of life. They can indirectly inform about body fat
mobilization, dry matter intake, and feed efficiency. Lactating cows
mobilize their body fats to support milk production and other
metabolic energy requirement deficiencies. When the energy
obtained from dry matter intake is not enough, the animal is
likely to catabolize some of its energy reserves to compensate for
the deficit. These phenotypes include body weight and body
condition score of animals.

7.1.1.1 Body weight

The weight of the animal assesses the growth rate of the animals
and determines the feed requirements and the response of animals
to changes in their environment (Lukuyu et al,, 2016). The most
globally accepted and accurate method of measuring weight is the
use of a calibrated mechanical or electronic scale. However, this
method is expensive and not readily available in sub-Saharan
Africa, especially in smallholder dairy systems. Estimation of
body weight from the visual assessment is always subjective and
is associated with a lot of errors (Machila et al., 2008; Rahal et al.,
2017; Mehdid et al., 2018). Therefore, the use of inexpensive, direct
measuring tapes to measure the heart girth and body length for
estimation of live weight is currently the most reliable method in
SSA. Even though the body weights of animals vary, changes from
the ideal weight can be utilized to inform about the resilience of the
animals. Previous studies have shown genetic variation in
fluctuations of body weight in different livestock species (Berghof
et al., 2019a; Sanchez-Molano et al., 2020).
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7.1.1.2 Body condition score

Body condition score (BCS) is used to estimate the level of
mobilization of body fat reserves. Various scoring procedures,
ranging from a visual and tactile assessment of the fat reserves on
the back and pelvic region of the animals, to the use of photographic
mobile applications are applied. Animals have different levels of
body fat mobilization depending on their genetics, health status,
climatic condition, lactation stage, and level of farm management.
Therefore, BCS varies with animal and time of assessment. Scoring
of body condition can be used to provide information on the well-
being, nutrition, production, and reproductive performance, hence
the robustness of dairy herd (Bewley and Schutz, 2008; Kellogg,
2010; Heinrichs et al., 2016). Deviations from ideal BCS negatively
affect the production, reproduction, and health status of dairy cows
(Garnsworthy and Topps, 1982).

There is no single recommended BCS that applies across all
stages of lactation as the energy requirement varies with stages of
lactation. An ideal BCS at a given stage of lactation is that which
optimizes milk production and reproductive performance and

10.3389/fanim.2023.1254877

minimizes health disorders, thereby ensuring optimal profitability
(Bayram et al, 2012). Dairy cows maintaining an ideal body
condition score curve throughout the lactation, dry, and
transition period are likely to have better reproductive
performance and lower occurrence of disease (Roche et al., 2009;
Gomez et al, 2018). From different recommendations in the
literature, an ideal body condition of cows on a scale of 1-5
should range between 2.5 to 3.75 with the lowest point (nadir
BCS) witnessed at the early stage of the lactation (Table 5
and Figure 3).

Despite the potential of BCS in assessing the robustness of dairy
herds, its assessment through visual observation is subjective as it is
affected by the training and experience of the evaluator. The score
an animal gets would still vary among the experienced evaluators
and could be influenced by previously observed cows (Bercovich
et al,, 2013). Advances in technology have led to development and
wide use of smartphone applications with photographic sensors in
developed countries to directly score body condition of animals.
Nonetheless, care should be taken before using such applications to

TABLE 5 Recommended body condition score for dairy cows at different stages of lactation generated from published literature on a 1-5 scale.

Lactation stage Cattle breed/type  Days in milk Minimum  Average @ Maximum  Reference

Early lactation HF and | At service 2.00 2.25 2.50 Ohnstad, 2013
General 1-30 2.75 3.00 3.25 Heinrichs et al., 2016
General 31-100 2.50 2.75 3.00 Heinrichs et al., 2016
General 30-120 2.50 2.75 3.00 Klopcic et al., 2011
General 30 2.50 2.75 3.00 Kellogg, 2010
General 100-120 2.50 3.25 Ferguson, 1996
General At service 2.50 3.00 3.50 Parker, 2012

Mid lactation HF and ] 2 months before dry-oft 2.50 2.75 3.00 Ohnstad, 2013
General 101-200 2.75 3.00 3.25 Heinrichs et al,, 2016
General 3.0 Kellogg, 2010
General 120-240 2.75 3.00 3.25 Klopdic et al., 2011
High producing Around 180 2.50 2.75 3.0 Parker, 2012
Average producing Around 180 3.00 3.25 3.50 Parker, 2012

Late lactation to dry-off period HF and J Dry off 3.00 Ohnstad, 2013
General 201-300 3.00 3.25 3.75 Heinrichs et al., 2016
General Dry-off 3.25 3.50 Mishra et al., 2016
General >300 3.25 3.50 3.75 Heinrichs et al., 2016
General 200-dry-off 275 3.50 Ferguson, 1996
General Dry-off 3.25 3.50 Ferguson, 1996
General 325 3.50 3.75 Kellogg, 2010
General >240 3.25 3.50 3.75 Klopcic et al., 2011
General Dry-off 35 Scanes, 2011
General App. 270 3.25 3.50 3.75 Parker, 2012

Holstein HF and J denote Holstein Friesian and Jersey, respectively. General denotes that either breed or production potential of the cow was not specified in the study.
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FIGURE 3

Ideal body condition curve of dairy cattle generated from various BCS recommendations in the literature.

score animals in sub-Saharan Africa as the body conformation of
zebu and their crosses are different from that of taurine cattle and
their crosses.

7.1.2 Animal activity patterns

The activity patterns of animals differ depending on individual,
management practices, and regional differences (Ito et al., 2014;
Krawczel, 2014). Changes in activity patterns can help in detecting
health and welfare issues of animals (EIP-AGRI, 2018). Using
activity pattern data, the resilience of animals can be estimated
based on the average daily measurement after adjusting for
encountered fixed effects. Depending on the required
measurement, whether more or less, animals that perform below
or above the population average could be more resilient. Another
way of quantifying resilience would be based on the fluctuations
from their normal activity pattern. Animals adjust their activity
patterns, such as lying, mobility, and feeding behavior, in response
to the stressors in their environment. The ways and forms of these
adjustments can be used to define resilience indicators to estimate
degree of resilience of animals to these disturbances. Resilient
animals are expected to have limited deviations from their normal
activity patterns. Precision livestock farming (PLF) sensor-based
technology has allowed data on the physical activities of the animals
to be easily collected using activity meters and analyzed. Some of the
activity data includes but not limited to lying, standing, and
stepping behaviors.

Lying behavior includes total lying time and the number of lying
bouts. Generally, cows spend from 4 to 19.5 hours lying with 1 to 28
lying bouts per day (Ito et al., 2009). Limited lying is associated with
low productivity and poor welfare, whereas more than usual lying
behavior could be an indicator of health issues. Animals stay in a
standing posture when feeding, drinking water, socializing, being
milked, or moving from one point to another. Spending more than
11 hours per day standing could be a sign of heat stress and might
increase the risk of lameness and decreased standing time could be
an indicator of physical injuries, lameness, and other sicknesses
(Temple et al, 2016). Animals move around in search of feed,
mates, and resting areas as well as to the milking parlors. The
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stepping behavior during grazing could inform about feed efficiency
and grazing type (Gregorini et al, 2015). A higher step count
confers physical health benefits but is a risk factor for lameness. A
lower than usual step count could indicate a health disorder.

Mobility scoring is used to assess lameness. Industry-standard
four-point mobility scoring on a scale from 0 to 3 is the commonly
used scale with 0 signifying sound/good mobility and 3 indicating
severely impaired mobility (Whay et al., 2003). Lameness leads to low
milk production, poor reproductive performance, compromised
animal welfare, and an increased risk of premature culling (Archer
etal, 2010). It is also associated with physical injury and different kinds
of clinical diseases (Murray et al., 1996). The incidence of lameness is
influenced by the genetics of the animal (such as temperament and
body conformation), management practices, and geographical region.
The animals with constant high mobility scores are deemed to be less
resilient as their movement in search of feed and water is impaired, thus
requiring extra labor to feed.

7.1.3 Milk production traits

These include milk yield, milk chemical composition, especially
fat and protein content, and somatic cells. Disturbances in the
environment such as diseases and harsh climatic conditions are
expected to cause a decrease in milk yield. Less resilient animals are
highly affected by the perturbations and will deviate greatly from
their expected milk production levels. For instance, animals that are
greatly affected by heat stress will reduce their feed intake and
consequently produce less milk yield and of lower quality than
anticipated. Therefore, deviations in milk yield from the expected
lactation curve of the animal can inform the resilience of the
animals. Indeed, studies have already used the fluctuation in the
milk yield to indicate resilience of the animals (Sanchez-Molano
et al., 2019; Poppe et al., 2020; Poppe et al., 2021a; Poppe et al.,
2021b; Tsartsianidou et al., 2021).

Variability of fat and protein content of the milk measured on
test days has also been shown to have a genetic variance (Ehsaninia
et al,, 2019). As an example, variations in fat content may indicate
resilience to rumen acidosis or ketosis. It would be interesting
though, to use more frequent records of fats and protein content to
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define resilience indicators and estimate genetic correlations with
health and fitness traits.

Somatic cell count (SCC) is the count of cells in a millilitre (mL)
of milk sample. Its log-transformed form is called somatic cell score
(SCS). SCC in the milk is used to indicate the status of udder health
and mastitis infection. Generally, a healthy cow is expected to have
up to 100,000 somatic cells per 1 mL of milk. A somatic cell count
above 200,000 cells/mL is considered an indicator of mastitis
infection (El-Tahawy and El-Far, 2010; Cinar et al., 2015).
Variations in somatic cell scores could be used as an indication of
resilience to mastitis (De Haas et al., 2008; Urioste et al.,, 2012). A
resilient animal is expected to have few incidences and frequencies
of mastitis infection or a high recovery rate from the infection.

Light and portable milk analyzers are commercially available
and can be used to quickly measure milk chemical composition and
SCC directly from the field. This reduces the cost, time, and labor
needed for laboratory analysis.

7.2 Broad-based selection objective

While individual traits are important components of resilience,
they capture different aspects of resilience and might be having
different genetic background (Berghof et al., 2021b, Poppe et al.,
2021a). Thus, the potential for applying different resilience
indicators to measure resilience of animals in SSA needs to be
tested and those indicators with substantial genetic variability be
appropriately combined into a composite resilience measure that
can be used to inform selection for resilience.

The long-term goal of dairy production in SSA should aim at
producing robust and resilient animals, with the ability to express
their production potential in a wide range of, and varying
environmental conditions without compromising their
reproduction, health, and wellbeing (Knap, 2005; Colditz and
Hine, 2016). A broad-based breeding objective that incorporates a
range of traits on production, health, reproduction, efficiency, and
adaptation is fundamental in SSA. Such objectives have a
commonplace for dairy cattle in developed countries (Miglior
et al,, 2005) but limited in SSA. Currently, the selection objective
for dairy cattle for Tanzania implemented by AADGG accounts for
productivity and efficiency for body maintenance through the use of
breeding values for milk yield and body weight (Mrode et al., 2021)
but further research to incorporate fertility, milk quality and
reproductive traits is under way.

8 Conclusions

Breeding dairy cattle for improved productivity and resilience
can be implemented in SSA using different indicators and
phenotypes that quantify the degree of resilience. Indicators
proposed are broadly categorized into two; those that capture
resilience to microenvironmental disturbances (general resilience)

and those that measure resilience to macro-environmental
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disturbances (specific resilience). All the indicators have genetic
variation and heritability estimates that are significant from zero
and hence can be used to select for resilience. In addition, easier to
measure phenotypes that are routinely collected using available
tools, including body weight, body condition score, milk chemical
composition and somatic cell count, and animal activity patterns,
offer opportunities for characterizing the resilience of dairy cattle in
SSA. However, using these indicators and phenotypes to quantify
resilience requires that a large volume of related data be collected on
animals and appropriately analyzed. Appropriate application of
emerging genomic tools might allow for improvement for both
resilience and production and simultaneously address the problem
of poor adaptability and low production of dairy cattle in SSA.
There is, therefore, a need to develop broad-based selection
objectives that incorporate a wide range of traits on production,
health, reproduction, efficiency, and adaptation to effectively
improve resilience of dairy cattle. Whereas, breeding for resilience
might help to improve adaptability and dairy productivity, farmers
need to be continuously trained on feed management, good animal
husbandry and management practices. This will ultimately ensure
that dairy cattle have conducive environment to optimally express
their production potential.
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