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Summary 
 The aim of this thesis was to study the performance of the Red Maasai sheep, the 

Dorper sheep and their crosses reared in a semi-arid environment. The study involved the 

analysis of reproduction parameters, survival of lambs and ewes length of productive life, the 

impact of heat stress on growth, and developed novel resilience phenotypes for the sheep 

population. The main breed groups in the breeding program comprised pure Dorper (DDDD), 

pure Red Maasai (RRRR), 75%Dorper-25%Red Maasai (DDDR) and 50%Dorper-50%Red 

Maasai – F1 (DDRR). R and ASReml-R software were used to evaluate reproduction 

parameters. Survival of lambs and the length of productive life of ewes were analysed using 

Cox and Weibull hazard models of the Survival Kit Version 6.12 software. Random regression 

models fitted with reaction norm functions were used to assess the impact of heat stress on 

growth and derive novel resilience phenotypes for growth in response to different levels of 

heat stress. 

Information generated through studying the reproductive performance of the flock is 

presented in Chapter 2. The pure Red Maasai sheep had significantly lower values for average 

age at first lambing (AFL), ewe birth weight (EBWT), ewe weaning weight (EWWT), litter birth 

weight (LBWT) and litter weaning weight (LWWT) compared to other breeds studied. The birth 

type (single or twins), sex of the lamb and parity in which the lambs were born significantly 

affected ewes’ birth and weaning weights. The overall heritability estimates of AFL (0.09±0.04) 

and LI (0.00±0.01) were not significant (P>0.05)  while the heritability estimates for EBWT 

(0.38±0.04), EWWT (0.23±0.03), LBWT (0.19±0.03) and LWWT (0.09±0.02) were significant 

(P<0.05). The repeatability estimates were low for LBWT (0.25),  LWWT (0.16) and that of 

lambing interval (LI) was near zero. Genetic and phenotypic correlations showed strong 

positive relationships between ewe and lamb weights. The Red Maasai had higher genetic and 

phenotypic correlations and genetic gains for the traits studied compared to the pure Dorper 

while the DDRR breed combination had a higher genetic gain among the crosses. LI had 

negative genetic correlations with LBWT and LWWT while AFL had positive genetic 

correlations with LBWT and LWWT. The phenotypic trends for AFL and LWWT showed a 

negative association with rainfall index over the years.  

Chapter 3 presents the results of pre- and post-weaning lamb survival to yearling, and 

ewes length of productive life. The pure Red Maasai lambs and ewes had better pre-weaning 

lamb survival rates and better productive life compared to the other breeds. Overall, 95% and 

83% of lambs survived to weaning (90 days) and yearling (365 days), respectively. The Red 

Maasai lambs had the lowest mortality rates (2%) while Dorper lambs had the highest post-

weaning mortality (24%) among the breeds. Lamb survival was significantly influenced by the 
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season of birth, parity in which the lambs were born, birth type (single or twin) and birth 

weight. Single born lambs, those born during the wet season, offspring of multiparous ewes, 

and those having higher birth weights (>3kg) were associated with lower mortality risks. Ewe 

longevity was significantly affected by the breed, age at first lambing, parity and birth weight. 

Ewes of DDDR breed combination and those that had heavier birth weights (>3Kgs) had the 

highest risk of being culled, while ewes with a higher age at first lambing (>975 days old) and 

more than one lambing were less likely to be culled. Pre-weaning heritability estimates for 

survival (0.10–0.14) were higher than post-weaning estimates (0.01-0.05). The Red Maasai 

had the highest genetic gain for pre-weaning survival (-0.026) compared to DDDR (-0.018), F1 

(-0.011), and Dorper (-0.012). General weakness, often due to poor nutrition, posed the 

highest risk for of lambs dying post-weaning (12.99 risk ratio), followed by diseases like 

enterotoxemia and sheep pox (6.006 risk ratio). 

The impact of heat stress on the growth of sheep and novel resilience phenotypes for 

growth are presented in Chapter 4. Heat stress, expressed as Temperature-Humidity Index 

(THI), significantly affected the growth of the sheep. The Red Maasai sheep had a higher 

tolerance for heat stress compared to the other breeds studied. The THI break points, when 

growth is affected by heat stress, were 78.75, 78.71, 78.42 and 77.93 for RRRR, DDDD, DDRR 

and DDDR respectively. At the THI break point, the growth rate declined at a rate of 0.06 Kgs, 

0.09 Kgs, 0.05 Kgs and 0.15  in live weight gain per unit change in THI for RRRR, DDDD, DDRR 

and DDDR respectively. Random regression models fitted with reaction norm functions were 

used to develop two resilience phenotypes namely: Response and Stability. These resilience 

phenotypes were developed at THI 70 (representing low/no heat stress) and THI 85 

(representing high heat stress). The breed, sex, type of birth, dams’ parity and season of birth 

significantly affected the stability of growth at low and high heat stress. Genetic correlations 

of resilience phenotypes at THI 85 with pre-weaning live weight gain (LWG1) were antagonistic 

and significant but not for post-weaning live weight gain (LWG2). Strong positive genetic and 

phenotypic correlations existed between response and its corresponding stability trait. The 

heritability estimates of resilience traits ranged from 0.12 for Response at THI 70 to 0.16 for 

Stability at THI 85.  

The better lamb survival and ewe longevity, and high tolerance to heat stress of the 

Red Maasai breed are an indication of their suitability for the harsh environment. 

Crossbreeding of the Red Maasai with Dorper has the potential to optimize growth and 

reproductive efficiency in the semi-arid environment. The moderate heritability estimates for 

resilience phenotypes in the population studied highlight opportunities for selective breeding 
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to enhance resilience for growth under the changing climatic conditions. Context-specific 

improved animal management practices can increase the survival of lambs, improve their 

reproductive performance and reduce the impact of heat stress on growth.  
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Zusammenfassung 
 

Das Ziel dieser Arbeit war die Untersuchung der Leistung von Roten Maasai-Schafen, 

Dorper-Schafen und ihren Kreuzungen, die in einer semi-ariden Umgebung gehalten werden. 

Die Studie umfasste die Analyse von Reproduktionsparametern, dem Überleben von 

Lämmern und Mutterschafen, der Länge des produktiven Lebens, dem Einfluss von Hitzestress 

auf das Wachstum und der Entwicklung neuartiger Resilienzphänotypen für die 

Schafpopulation. Die Hauptzuchtgruppen im Zuchtprogramm bestanden aus reinem Dorper 

(DDDD), reinem Roten Maasai (RRRR), 75% Dorper-25% Roten Maasai (DDDR) und 50% 

Dorper-50% Roten Maasai – F1 (DDRR). Die Software R und ASReml-R wurden zur Bewertung 

der Reproduktionsparameter verwendet. Das Überleben der Lämmer und die Länge des 

produktiven Lebens der Mutterschafe wurden mit Cox- und Weibull-Gefährdungsmodellen 

der Software Survival Kit Version 6.12 analysiert. Zufällige Regressionsmodelle, die mit 

Reaktionsnormfunktionen ausgestattet waren, wurden verwendet, um den Einfluss von 

Hitzestress auf das Wachstum zu bewerten und neue Resilienzphänotypen für das Wachstum 

als Reaktion auf unterschiedliche Hitzestressniveaus abzuleiten. 

Informationen, die durch die Untersuchung der Reproduktionsleistung der Herde 

gewonnen wurden, sind in Kapitel 2 dargestellt. Die reinen Roten Maasai-Schafe hatten 

signifikant niedrigere Werte für das durchschnittliche Alter beim ersten Lammen (AFL), das 

Geburtsgewicht der Mutterschafe (EBWT), das Absetzgewicht der Mutterschafe (EWWT), das 

Geburtsgewicht des Wurfs (LBWT) und das Absetzgewicht des Wurfs (LWWT) im Vergleich zu 

den anderen untersuchten Rassen. Der Geburtstyp (Einling oder Zwillinge), das Geschlecht des 

Lamms und die Parität, in der die Lämmer geboren wurden, beeinflussten die Geburts- und 

Absetzgewichte der Mutterschafe signifikant. Die Gesamtheritabilitätsschätzungen für AFL 

(0,09±0,04) und LI (0,00±0,01) waren nicht signifikant (P>0,05), während die 

Heritabilitätsschätzungen für EBWT (0,38±0,04), EWWT (0,23±0,03), LBWT (0,19±0,03) und 

LWWT (0,09±0,02) signifikant waren (P<0,05). Die Wiederholbarkeits-Schätzungen waren 

niedrig für LBWT (0,25), LWWT (0,16) und die des Lammintervalls (LI) war nahezu null. 

Genetische und phänotypische Korrelationen zeigten starke positive Beziehungen zwischen 

den Gewichten von Mutterschafen und Lämmern. Die Roten Maasai hatten höhere genetische 

und phänotypische Korrelationen und genetische Gewinne für die untersuchten Merkmale im 

Vergleich zu den reinen Dorper, während die DDRR-Rassenkombination den höchsten 

genetischen Gewinn unter den Kreuzungen aufwies. LI hatte negative genetische 

Korrelationen mit LBWT und LWWT, während AFL positive genetische Korrelationen mit LBWT 
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und LWWT aufwies. Die phänotypischen Trends für AFL und LWWT zeigten eine negative 

Assoziation mit dem Niederschlagsindex über die Jahre hinweg. 

Kapitel 3 präsentiert die Ergebnisse des Überlebens von Lämmern vor und nach dem 

Absetzen bis zum Jährling sowie der Länge des produktiven Lebens der Mutterschafe. Die 

reinen Roten Maasai-Lämmer und Mutterschafe hatten bessere Überlebensraten vor dem 

Absetzen und eine bessere produktive Lebensdauer im Vergleich zu den anderen Rassen. 

Insgesamt überlebten 95% und 83% der Lämmer das Absetzen (90 Tage) bzw. das 

Jährlingsalter (365 Tage). Die Roten Maasai-Lämmer hatten die niedrigsten Mortalitätsraten 

(2%), während Dorper-Lämmer die höchste Mortalität nach dem Absetzen (24%) unter den 

Rassen aufwiesen. Das Überleben der Lämmer wurde signifikant durch die Geburtssaison, die 

Parität, in der die Lämmer geboren wurden, den Geburtstyp (Einling oder Zwilling) und das 

Geburtsgewicht beeinflusst. Einzelgeborene Lämmer, solche, die während der Regenzeit 

geboren wurden, Nachkommen von mehrgebärenden Mutterschafen und solche mit höheren 

Geburtsgewichten (>3 kg) waren mit geringeren Mortalitätsrisiken verbunden. Die 

Langlebigkeit der Mutterschafe wurde signifikant durch die Rasse, das Alter beim ersten 

Lammen, die Parität und das Geburtsgewicht beeinflusst. Mutterschafe der DDDR-

Rassenkombination und solche mit schwereren Geburtsgewichten (>3 kg) hatten das höchste 

Risiko, ausgesondert zu werden, während Mutterschafe mit einem höheren Alter beim ersten 

Lammen (>975 Tage) und mehr als einem Lammen weniger wahrscheinlich ausgesondert 

wurden. Die Heritabilitätsschätzungen für das Überleben vor dem Absetzen (0,10–0,14) 

waren höher als die Schätzungen nach dem Absetzen (0,01–0,05). Die Roten Maasai hatten 

den höchsten genetischen Gewinn für das Überleben vor dem Absetzen (-0,026) im Vergleich 

zu DDDR (-0,018), F1 (-0,011) und Dorper (-0,012). Allgemeine Schwäche, oft aufgrund 

schlechter Ernährung, stellte das höchste Risiko für das Sterben von Lämmern nach dem 

Absetzen dar (12,99 Risikoverhältnis), gefolgt von Krankheiten wie Enterotoxämie und 

Schafpocken (6,006 Risikoverhältnis). 

Der Einfluss von Hitzestress auf das Wachstum der Schafe und neue 

Resilienzphänotypen für das Wachstum sind in Kapitel 4 dargestellt. Hitzestress, ausgedrückt 

als Temperatur-Feuchtigkeits-Index (THI), beeinflusste das Wachstum der Schafe signifikant. 

Die Roten Maasai-Schafe hatten eine höhere Toleranz gegenüber Hitzestress im Vergleich zu 

den anderen untersuchten Rassen. Die THI-Breakpoints, bei denen das Wachstum durch 

Hitzestress beeinflusst wird, lagen bei 78,75, 78,71, 78,42 und 77,93 für RRRR, DDDD, DDRR 

bzw. DDDR. Am THI-Breakpoint nahm die Wachstumsrate um 0,06 kg, 0,09 kg, 0,05 kg und 

0,15 kg an Lebendgewichtszunahme pro Einheit Änderung des THI für RRRR, DDDD, DDRR bzw. 
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DDDR ab. Zufällige Regressionsmodelle, die mit Reaktionsnormfunktionen ausgestattet 

waren, wurden verwendet, um zwei Resilienzphänotypen zu entwickeln, nämlich: Reaktion 

und Stabilität. Diese Resilienzphänotypen wurden bei THI 70 (geringer bis kein Hitzestress) 

und THI 85 (hoher Hitzestress) entwickelt. Die Rasse, das Geschlecht, der Geburtstyp, die 

Parität der Mutter und die Geburtssaison beeinflussten die Stabilität des Wachstums bei 

niedrigem und hohem Hitzestress signifikant. Genetische Korrelationen der 

Resilienzphänotypen bei THI 85 mit der Lebendgewichtszunahme vor dem Absetzen (LWG1) 

waren antagonistisch und signifikant, jedoch nicht für die Lebendgewichtszunahme nach dem 

Absetzen (LWG2). Starke positive genetische und phänotypische Korrelationen bestanden 

zwischen Reaktion und dem entsprechenden Stabilitätsmerkmal. Die 

Heritabilitätsschätzungen der Resilienzmerkmale reichten von 0,12 für Reaktion bei THI 70 bis 

0,16 für Stabilität bei THI 85. 

Das bessere Überleben der Lämmer und die Langlebigkeit der Mutterschafe sowie die 

hohe Toleranz gegenüber Hitzestress der Roten Maasai-Rasse deuten auf ihre Eignung für die 

raue Umgebung hin. Die Kreuzung der Roten Maasai mit Dorper hat das Potenzial, das 

Wachstum und die reproduktive Effizienz in der semi-ariden Umgebung zu optimieren. Die 

moderaten Heritabilitätsschätzungen für Resilienzphänotypen in der untersuchten Population 

heben Möglichkeiten für selektive Zucht hervor, um die Resilienz für das Wachstum unter sich 

ändernden klimatischen Bedingungen zu verbessern. Kontextspezifische verbesserte 

Tierhaltungspraktiken können das Überleben der Lämmer erhöhen, ihre reproduktive 

Leistung verbessern und den Einfluss von Hitzestress auf das Wachstum reduzieren. 
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CHAPTER 1: General Introduction 
 
1.1 Livestock and livelihoods 
 
Livestock are a key global commodity for the provision of food, income, employment and risk 

insurance to mankind. Globally, livestock products contribute 18% to the kilocalorie 

consumption and 25% to the protein consumption (FAO, 2021). The livestock system is a 

significant global asset with an estimated value of at least USD.1.4 trillion and occupying about 

45% of the earth’s surface area (Reid et al., 2008). The livestock systems in developing 

countries is rapidly changing as the demand for livestock products continues to increase due 

to increasing human population, rapid urbanization and increases in income (Thornton, 2010). 

In sub-Saharan Africa (SSA), livestock production contributes approximately 40% to the 

agricultural GDP (Enahoro et al., 2019; Sejian et al., 2015). 

Approximately 20% of the world’s cattle population, 25% of the world’s sheep and goat 

populations are found in SSA kept by 300 million livestock keepers, mostly concentrated in 

East and West Africa, with fewer in Southern and Central Africa (FAO, 2021). These livestock 

are reared in different production systems that vary from region to region. The systems can 

be broadly categorised as small-scale and large-scale production systems. The small-scale 

production systems include pastoralism, agropastoral and mixed smallholder farming. The 

large-scale systems include ranching, large-scale commercial farming, co-operative farming 

and state farming. The large-scale system still accounts for a relatively small proportion of 

agricultural output in SSA since the bulk of production occurs in the traditional small-scale 

system found in rural areas and Arid and Semi-Arid Lands (ASAL) (FAO, 2021).  

Majority of the rural households’ livelihoods are dependent on livestock  farming while they 

own less than 2 Tropical Livestock Unit (TLU) and practice mixed crop-livestock farming (Otte 

et al., 2012). Manure and traction from livestock, are usually a non-monetized livestock inputs 

into household farming systems. Savings / asset accumulation and insurance represent 

another category of non-monetized services provided by livestock in traditional smallholder 

settings (Kayigema and Rugege, 2014; Lwelamira et al., 2010; Pender et al., 2004). In rural 

settings, livestock also serve as financial instruments because of the persistent absence of 

credit and financial markets in rural areas of developing countries (Pell et al.,2010). Livestock 

are usually sold to provide income for investment in other ventures such as land or small 

businesses and provide a source of income to meet planned and unplanned household needs 

such as school fees and hospital bills. 
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1.2 Livestock and climate change 
 
Climate change is primarily caused by greenhouse gas (GHG) emissions that result in warming 

of the atmosphere with the livestock sector contributing 14.5% of global GHG emissions 

(Gerber et al., 2013; Solomon, 2007).  As the global demand for livestock products increases, 

climate change threatens livestock production due to its impact on quality of feed crop and 

forage, water availability, animal and milk production, livestock diseases, animal 

reproduction, and biodiversity. Heat stress caused by climate change causes physiological and 

metabolic adjustments in animals resulting from thermoregulatory responses causing 

negative consequences in animal productivity and health (Renaudeau et al., 2012). Increased 

stress due to climate change weakens the immune systems of animals, making them more 

susceptible to infections (Nardone et al., 2010) hence increases the risk of livestock diseases 

outbreaks. Heat stress has also been shown to have negative effects on milky tied and growth 

in sheep (Tsartsianidou et al., 2021; Sánchez-Molano et al., 2020) and in cattle (Oloo et al., 

2024). 

To cope with the challenge of climate change on livestock production, mitigation and 

adaptation strategies aimed at reducing the emission intensity of this sector are needed to 

meet the increasing demand for livestock products driven by population growth. One of the 

measures for mitigating GHG emissions is by improving feed and grazing management in 

ruminant animals since forage quality and digestibility affect enteric methane production. For 

example, harvesting forage (especially grass) for ensiling at an earlier stage to reduce 

lignification, chopping and  grinding feeds (Hristov et al., 2013), addition of fats or fatty acids 

to the diets (Llonch et al., 2017a), adding feed additives such as electron receptors, ionophoric 

antibiotics and chemical inhibitors (Beauchemin et al., 2009), have shown a potential enteric 

methane reduction of about 5% per unit of fat protein corrected milk  in dairy cattle (Knapp 

et al., 2014). Proper manure management can also help in mitigating the amount of GHG being 

emitted within the production system (Mohankumar Sajeev et al., 2018). The timing, quantity, 

and method of fertilizer applications are important factors which could help in optimizing 

biomass production and reduce soil greenhouse gas emissions (Grossi et al., 2019).  

1.3 Livestock breeding for climate change 
 
Selecting and breeding animals that are resilient and adapted to the changing climate is one 

of the important ways of mitigating and adapting to the effects of climate change on livestock. 

Well adapted animals are able to maintain their productivity within their environment with 
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little interventions. There is a direct link between greenhouse gas emission intensities and 

animal efficiency. The more productive the animal is, the lower the environmental impact will 

be per unit of product basis (Grossi et al., 2019). Both management quality and expression of 

full genetic potential are necessary to increase production efficiency. Genetic improvement is 

therefore an important tool to accumulate response to selection, and it can be used to reduce 

emissions (Cassandro, 2020). This can be done through breeding for improved efficiency 

which reduces the number of animals required to meet a given production level, improving 

functional traits such as fertility rates that can reduce wastage from the production system 

and selecting and breeding animals that are adaptable to the environment hence emitting less 

GHG.  

Breeding for more productive animals can result in lower nutrient requirements to achieve 

the same level of production. This reduces GHG emissions by diluting nutrient requirements 

for upkeep, allowing a given amount of production to be reached with fewer animals (Bell et 

al., 2011). Additionally, a more efficient animal will retain more dietary nitrogen protein and 

there will less nitrogen in faeces and urine (Gerber et al., 2013) . However, unless balanced by 

selection pressure on functional traits, selective breeding for higher productivity can harm 

animal health and welfare and lead to numerous unexpected consequences (Fraser et al., 

2013; de Vries et al., 2011), as shown by the association between high milk production and an 

increased incidence of fertility problems and metabolic disorders such as ketosis in dairy cattle 

(Walsh et al., 2011) .Poor fertility requires more breeding animals in the herd to satisfy 

production requirements, as well as more replacements to keep the herd size stable, which 

increases GHG emissions. However, increasing reproductive pressure may increase the 

metabolic demands associated with pregnancy and breastfeeding, which could severely 

influence animal health and increase the risk of metabolic disorders, diminish immunological 

function, and thus reduce fertility (Llonch et al., 2017b)  Therefore, developing selection 

indices that in-cooperates all traits of economic importance is necessary for breeding 

productive heat tolerant  resilient livestock. 

1.4 Small ruminant genetic resources in sub-Saharan Africa 

Small ruminant genetic resources (SRGR), sheep and goats are widely spread in sub-Saharan 

Africa (SSA) and are an important source of food, income, saving and socio-cultural values. 

SRGR make up 62% of domesticated ruminant livestock in SSA, with goats contributing 34% 

and sheep 28%. Approximately 90% of these SRGR are native breeds in pastoral, agro-pastoral, 

mixed crop-livestock systems. These production systems are characterized by different 



Chapter One 

24 
 

production goals, management strategies and constraints. The pastoral production system is 

mainly found in the ASALs where livestock is usually the main source of livelihood, breeds are 

mostly indigenous, and the animals are grazed. The agro-pastoral production system are 

found in semi-arid and in sub-humid areas. The production system is similar to the pastoral 

system however the pastoralists farm some crops to supplement their source of income and 

food. The mixed crop-livestock system is found in semi-arid, sub-humid and highlands areas. 

The systems has a densely populated a livestock population and are located near urban 

centres. The industrial system is a highly specialised system focusing on genetically improved 

and unform genotypes. The animals are kept under intensive management system (Kosgey, 

2004). 

A larger proportion of goats (64%) and sheep (57%) are in the ASALs of SSA. Generally, goats 

out number sheep in most agro-ecological zones of SSA, except in the highlands where sheep 

are more prevalent. East and West Africa host the majority of SRGR, with East Africa leading 

in sheep numbers and West Africa in goats. Variations exist within regions; for instance, in 

southern Africa, South Africa has a higher sheep population than goats (FAO, 2021). SRGR in 

SSA are diverse consisting of about 61 sheep and 42 goat genotypes (Lebbie et al., 1996). It’s 

important to recognize that, aside from exotic and synthetic or composite breeds, the true 

genetic uniqueness of most major genotypes and their varieties or strains—especially 

indigenous ones—remains unclear. As observed, indigenous SRGR are often named after 

specific ethnic groups (e.g., Red Maasai sheep) or regions (e.g., West African Dwarf). Likewise, 

the categorization of these primary types relies predominantly on their physical or 

morphological traits. 

SRGR are particularly valued for their adaptability to harsh environments, rapid reproductive 

rates, and low maintenance requirements. For instance, indigenous breeds like the Red 

Maasai sheep and Small East African goats are well-suited to drought-prone areas due to their 

resistance to diseases and ability to thrive on low-quality forage (Mbuku et al., 2015; De Vries, 

2008; Mugambi et al., 2005). The small ruminants are especially important to women who 

mostly manage them (Kariuki et al., 2022). Small ruminants also serve as a form of "insurance" 

for households, providing quick cash during emergencies or for social obligations such as 

weddings and school fees (Zonabend König et al., 2017). The small ruminants are known for 

their considerable ability to adapt and manage to survive and flourish in extremely hostile 

environments, including not only the arid zones but also the humid areas of West and central 

Africa. The weight and size of small ruminants in tropical Africa, are very much lower than in 
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temperate countries, tend to reduce steadily from the traditional, arid production areas 

towards the humid zones in which dwarf breeds have developed. 

The domestic sheep (Ovis aries) is a very widespread small ruminant species raised primarily 

for its wool, meat, milk and hides. Sheep in Africa have been primarily a source of meat and 

much less important as milk and wool producers, than they are in Eurasia and Australasia (Da 

Silva et al., 2025). Africa hosts approximately a third of the world’s 1.3 billion heads of sheep 

majority of which are classified as indigenous (FAO, 2021). The indigenous African sheep 

genetic resources have been classified into two main groups, fat-tailed and thin-tailed sheep. 

The fat-tailed sheep are the most widely distributed, being found in mostly in the Arid and 

Semi-Arid Lands (ASAL) of North Africa, Eastern and Southern Africa (Muigai and Hanotte, 

2013).  

1.5 Breeding strategies for sheep in sub-Saharan Africa 
 
The main goal of animal breeding’s is to genetically improve livestock populations so that they 

produce more and improved quality animal products as a lower input cost. Animal breeding 

is a long-term activity that needs long term planning and commitment for it to achieve its goal. 

Through a structured breeding program, the breeding goal is defined and a consistent 

increment in the hereditary potential of livestock populations can be accomplished by 

continuously and selectively choosing the parents from one generation to the next (Falconer, 

1996). In the midst of climate change, the breeding strategies for indigenous breeds should 

be aimed at not only improving the breed but also conserving it to maintain genetic diversity. 

In SSA, the most common and effective way of conserving indigenous breeds is in situ, where 

farmers and their community maintain their farm animal genetic resources as part of their 

livelihoods (FAO, 2007). Given the nature of the sheep production system in SSA, the breeding 

structures and strategies are very different compared to other species such as dairy cattle. 

Most flocks kept by farmers are either highly inbred or indiscriminately crossbred which leads 

to loss of important genetic material. This is mainly due to farmers lacking knowledge on 

sound animal breeding practices, lack of animal breeding policies and lack of record keeping 

infrastructures to aid in in selection and breeding.  

The breeding strategies that have been adopted for sheep in SSA are nucleus breeding 

programs, importation of exotic breeds and community-based breeding programs (CBBP). A 

nucleus breeding program is centralized and only few farmers participate in the program 

thereby requiring long-term commitment. Recording keeping in this system is easy and the 
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genetic gain is higher (Kosgey and Okeyo, 2007). The recording keeping, genetic evaluation, 

delivery of genetic change breeding and selection happens at the centralised breeding. 

However, these breeding schemes has failed to sustainably provide the desired genetic 

improvement to small holders and engage the participation of the end users in the process 

(Haile et al., 2020). The importation of exotic or improved breeds is usually aimed at 

crossbreeding the indigenous breeds to upgrade them. However, this is mostly done without 

adequately assessing the viability and adaptability of these imported breeds and their 

consequent crosses to local production systems or conditions, and without a defined plan for 

determining the desired final genotype. Therefore, farmers end up practising indiscriminate 

crossbreeding with local populations resulting to genetic erosion of the local populations. 

Alternatively, in a CBBP, the selection and breeding is carried out by the farmers within the 

communities. The advantage of CBBP is that the farmer is actively involved throughout the 

process from inception through implementation. The success of CBBP is based upon proper 

consideration of farmers’ breeding objectives, available infrastructure, participation and 

ownership (Mueller et al., 2015; Wurzinger et al., 2011; Sölkner et al., 1998). CBBP have been 

shown to achieve genetic improvement for indigenous sheep breeds in ASAL regions(Haile et 

al., 2019, 2020). 

1.6 The Red Maasai sheep 
 
The Red Maasai sheep breed is an indigenous breed native in East Africa (Figure 1). It is a fat-

tailed transboundary indigenous breed mainly kept by Maasai pastoralists and neighbouring 

tribes in semi-arid and arid regions of 

Kenya and Tanzania. The breed is mainly 

used for meat, lard and other cultural 

practices for example, the fat of the Red 

Maasai is given after a woman has 

delivered a baby, after a cultural 

circumcision, and during sickness or 

injury. The breed is also used as a bride 

price where the Red Maasai is given to 

the mother-in-law (Liljestrand, 2012).  

The Red Maasai sheep is renowned for its adaptability to ASAL environments which are a low-

input-output production system. The Red Maasai sheep is medium-sized, with a distinctive 

red-brown coat, polled head, and compact, resistance to gastrointestinal parasites, 

 Figure 1 Red Maasai ewe and its lamb 
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particularly Haemonchus contortus (Kwallah et al., 2008; Baker et al., 2004). The actual 

population size of the purebred Red Maasai is currently not available, and thus its risk status 

remains unknown. However, there is evidence to show that  the Red Maasai is threatened due 

to the indiscriminate crossbreeding with the Dorper sheep that was imported from South 

Africa in the 1970s (Zonabend et al., 2014; Gibson and Pullin, 2005). Very few populations of 

pure Red Maasai can be found in research stations and with few farmers. 

 In terms of production, the Red Maasai sheep has an average slaughter weight of 23.18 ± 

0.20 kg at 9 months (Oyieng et al., 2022). A genetic analysis of reproduction and survival traits, 

and the effects of heat stress to the growth of the breed are yet to be studied and properly 

documented. Previous research on Red Maasai sheep has mainly been focusing on studying 

its resistance to Haemonchus contortus (Mugambi et al., 2005; Baker et al., 2004). 

 
1.7 The Dorper sheep 

The Dorper is a synesthetic breed developed in South Africa (Figure 2). It was developed 

through the selective crossbreeding of the Dorset Horn rams and the Black Headed Persian 

ewes resulting into two variants of the breed one with a characteristic black head and white 

body and the other that is entirely white in colour. The Dorset Horn sheep is known for its  

quality meat production while the Black Headed Persian sheep is well adapted to ASAL 

environments (Cloete et al., 

2000; Milne, 2000). The Dorper is 

popularly known for its  high-

quality carcass and relatively 

early maturing, and this made it 

a main breed of choice for meat 

in other African countries (de 

Waal and Combrinck, 2000). The 

breed is currently widespread 

across the globe, and research 

both on production and 

reproduction traits have been 

carried out (Cloete et al., 2000, 2021; Zishiri et al., 2013)  

When it was introduced to Kenya, no proper crossbreeding strategy was in place and farmers 

were not given instruction about how to maintain a continuous crossbreeding programme 

Figure 2 Dorper ewe and its lamb 
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resulting into indiscriminate crossbreeding with indigenous breeds especially the Red Maasai.  

Within the country, it is nearly impossible to find purebred indigenous sheep in the field since 

most sheep have been crossed with the Dorper.  

The growth performance of the Dorper varies depending in the environment it is being reared 

with the highest birth weights of 4.19±0.09 kgs reported in South Africa (Cloete et al., 2021), 

low birth weight of 3.33±0.10kgs reported in Ethiopia (Goshme et al., 2021) and better birth 

weights of 3.8±0.02kgs in Kenya (Oyieng et al., 2022). The age of first lambing for the ewes 

ranges from 346 in South Africa (Cloete et al., 2000) to 786 days in Ethiopia (Goshme et al., 

2021) while lambing interval ranges from 198 days in South Africa (Cloete et al., 2000) to 422 

days in Kenya (Wanjala et al., 2023). A 32.1% mortality rate of the Dorper lambs before 

yearling have been reported in Ethiopia (Tesema et al., 2020).  

 

1.8 Objectives of this thesis 

The overall objective of this thesis was to study the performance of the Red Maasai, Dorper 

and their crossbred combinations reared in an extensive production system in the semi-arid 

lands. The results of this study will not only help in informing the  selection, breeding and 

conservation of the indigenous Red Maasai sheep but also in developing crossbreeding 

strategies between the Red Maasai and Dorper. More specifically, this thesis aims to: 

I. Evaluate the reproduction traits of the Red Maasai, Dorper and their crossbred 

combinations reared in an extensive production system in the semi-arid lands of 

Kenya.  

II. Assess the pre- and post-weaning to yearling survival of lambs and the length of 

productive life of ewes of the Red Maasai, Dorper and their crossbred combinations 

reared in an extensive production system in the semi-arid lands of Kenya  

III. Establish whether heat stress has an impact on the growth of Red Maasai, Dorper and 

their crossbred combinations reared in an extensive production system in the semi-

arid lands of Kenya and develop novel resilience phenotypes for the sheep population.  
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Abstract 
 
Reproduction traits are important factors determining the efficiency of any sheep production 

system. This study evaluates the age at first lambing (AFL), lambing interval (LI), litter weight 

at birth (LBWT), litter weight at weaning (LWWT), birth weight of ewe (EBWT) and weaning 

weight of ewes (EWWT) in a crossbreeding program between the Red Maasai (RRRR) and 

Dorper sheep (DDDD) and their crosses, 75% Dorper (DDDR) and 50% Dorper (DDRR) breeds. 

All the traits significantly (P<0.05) differed across breeds and season of birth of the ewe. LBWT 

and LWWT were significantly affected by the sex of the lamb, type of birth of the lamb and 

parity in which the lambs were born in. AFL and LI had very high environment variances. 

Overall heritability estimates of AFL (0.09±0.04) and LI (0.00±0.01) were not significant from 

zero while the heritability estimates for EBWT (0.38±0.04), EWWT (0.23±0.03), LBWT 

(0.19±0.03) and LWWT (0.09±0.02) were significant (P<0.05). The RRRR had the highest 

genetic gain for all traits while the DDRR had a higher genetic gain among the crosses. LI had 

negative genetic correlations with LBWT (-0.53±0.08) and LWWT (-0.28±19.59) while AFL had 

positive genetic correlations with LBWT (0.27±0.46) and LWWT (0.31±0.34). The phenotypic 

trends for AFL and LWWT showed a negative and positive association, respectively, with the 

rainfall index over the years. With proper farm management, improved reproduction 

performance of ewes is possible by indirect selection using LBWT and LWWT for the Red 

Maasai, Dorper and their crosses within the semi-arid lands. 

 

Keywords: Genetic parameters, Lambing, Weights, Red Maasai, Dorper  

 
2.1 Introduction 
 
Small ruminants can contribute to the efficient use of the semi-arid rangelands if harnessed 

for attributes that enable their optimal productivity and survival under the  changing climates 

(Joy et al., 2020). Sheep and goats thrive through droughts more effectively than cattle, and 

flocks can be rebuilt more easily by the different communities following droughts (Haile et al., 

2019; Muigai et al., 2017). The indigenous sheep and goat breeds raised by pastoral 

communities in the arid and semi-arid lands (ASAL) of East Africa are however reported to 

have low mature body weights and poor reproductive efficiency (Baker et al., 2004; Kosgey & 

Okeyo, 2007; Muigai et al., 2009; Wanjalaet al., 2023) limiting their potential to adequately 

contribute to improving livelihoods of pastoralist households. Despite indigenous sheep 

breeds being well adapted to their environment due to natural selection over time, targeted 
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structured breeding programs to improve their productivity are limited (Haile et al., 2020). 

Their adaptability can be transferred through crossbreeding with exotic breeds, however 

without a comprehensive crossbreeding strategy that includes selective improvement and 

conservation of the indigenous breeds, their genetic variation can be rapidly eroded. 

Conservation of indigenous breeds in situ is best achieved through profitable use of  their 

inherent traits. 

When designing breeding programs for indigenous breeds, critical attention should be given 

to the reproductive performance of ewes as this influences the effectiveness and efficiency of 

sheep production (Tesema et al., 2020; Snyman et al., 1997). The  ability of an ewe to regularly 

produce lambs over the years is considered a measure of the adaptability of the animal to the 

prevailing environmental conditions, and by extension, her long-term productivity (Kosgey et 

al., 2003). Since the 1970’s, in Eastern Africa there has been indiscriminate crossbreeding 

between exotic and indigenous breeds in attempts to increase the productivity of pastoral 

production systems and mutton market preferences (Ojango et al., 2023; Getachew et al., 

2016; Zonabend König et al., 2016). However, these efforts and strategies have not been 

accompanied by concerted and organized selection programs, aimed at improving 

productivity in the existing indigenous sheep populations on a long-term basis (Deribe et al., 

2021; Getachew et al., 2016; Kosgey et al., 2008). This, together with frequent and severe 

droughts followed by seasons of excessive rainfall (Calvin et al., 2023) have resulted in a rapid 

decline in the number of pure-bred indigenous sheep breeds, despite their renown tolerance 

to the changing climate and certain diseases such as parasitosis (Wanjalaet al., 2023). This 

underlines the need to selectively breed and conserve indigenous sheep populations while 

maintaining specific lines of their crossbreds 

Since 2003, the International Livestock Research Institute (ILRI) has implemented a selective 

crossbreeding program for purebred indigenous Red Maasai and their crosses with the 

Dorper, a composite breed introduced from South Africa (C. Milne, 2000), targeting improved 

growth performance while maintaining the inherent resistance to Haemonchus contortus of 

the Red Maasai. Positive genetic gains have been achieved in growth performance as reported 

by Oyieng et al., (2022). This paper presents reproductive parameters and the genetic 

progress in reproductive performance of ewes of the of Red-Maasai Sheep and their crosses 

with Dorper. The evaluation provides information on the fertility of the Red Maasai sheep and 

its crosses to guide crossbreeding strategies between indigenous and exotic breeds for 

optimum flock productivity in semi-arid areas. 
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2.2 Material and Methods 

2.2.1 Study area  

The study is part of a selection breeding program for sheep in an arid environment  run at the 

Kapiti Research  Station and Wildlife conservancy (formerly known  as Kapiti Plains Estate) in 

Machakos County, Kenya (https://www.ilri.org/research/facilities/kapiti-research-station-

wildlife-conservancy). The conservancy, owned by the International Livestock Research 

Institute (ILRI), is situated between 1,650 and 1,900 meters above sea level and at -1.6 latitude 

and 37.1 longitude. The area receives an average annual rainfall of around 552 mm, and the 

temperature ranges between 22 — 27 °C. It has four distinct seasons: the long-wet season 

(March to May), the short-dry season (January and February), the long-dry season (June to 

September), and the short-wet season (October to December). The conservancy mostly 

covered in grasses and shrubs is home to both wild and domestic animals. Grazing pasture 

supply is often limited during the prolonged dry seasons.   

2.2.2 Animal management and breeding  

The primary goals of the breeding program are to sustainably conserve the pure-bred Red 

Maasai sheep through within breed selection for growth, adaptability, and disease resistance 

and crossbreeding with the Dorper to increase the productivity and profitability of sheep 

raised in semi-arid and arid areas of Kenya. The Red Maasai sheep is characterized by thick 

red hair. Their growth characteristics have been described by (George Wanjala et al., 2023a; 

Oyieng et al., 2022). The crossbreeding program combines the faster growth rate and mutton-

producing ability of the Dorper breed and the resilience of the Red Maasai breed to gastro-

intestinal parasites. The main breed groups in the breeding program comprise pure Dorper 

(DDDD), pure Red Maasai (RRRR), 75%Dorper-25%Red Maasai (DDDR) and 50%Dorper-

50%Red Maasai (DDRR). The animals are reared in flocks comprising ewes that have lambed 

in the latest breeding cycle, and separate flocks of weaner and mature males, and weaner and 

mature females. The total flock size ranges from 1 300 to 1 500. This range is influenced by 

outflows due to culling and death, and inflows due to new births within the flock. Twice 

annually, in June and November, mating is conducted. The choice of the mating months is 

aligned to the rainfall seasons to enable lambing to take place at the best possible time of 

forage availability. When a lamb is three months old, it is weaned and separated from its 

mother. Every lamb born is weighed at birth, weaning (3 months), 6 months, 9 months, and 

one year of age. From nine months of age, when female lambs weigh at least 24 kgs, they are 

exposed to Rams for their first mating. Ewes are culled at the age of 6 years.  
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The selection of sires has a significant impact on mating and selection within the flock. Rams 

are chosen as sires based on three factors: their physical appearance, their dams' reproductive 

performance measured by the age at first lambing and intervals between lambings, and their 

genetic potential for growth to nine months using estimated breeding values. The number of 

Rams used is based on the number of female animals ready for mating and the desired number 

of offspring from each breed group required in the flock. The allocation of females to Rams in 

separate mating pens is managed to avoid inbreeding. Over a period of four weeks, each ram 

is given 20 to 30 ewes to mate. The performance of the Rams in the mating pens is monitored 

using coloured markers adhered to their underside that mark the rump of every ewe 

mounted. Inactive rams within a mating pen are replaced.  Sires of the offsprings are recorded 

in line with the mating noted in each pen. To ensure genetic progress in the desired traits, 

20% of the rams that were used in the previous mating season are replaced. The rams that 

have been culled but have good breeding values for growth and reproductive performance 

are sold to other sheep farmers as breeding animals while the rest are sold for mutton. 

Water is provided ad libitum for all the animals when in the pens during the night, and before 

setting out for grazing. When animals are grazing in the open fields, water is provided twice 

in the day. Scheduled vaccination against blanthrax, enterotoxaemia, and foot and mouth 

disease are provided annually, bi-annually and every 5 months, respectively. Anthelmintic 

treatment is given to animals before and after the rainy season based on the age and body 

condition of the animals. 

2.2.3 Data structure and traits studied  

The pedigree used to construct the numerator relationship matrix of the animal models had 

7 396 animals spanning 12 generations, including 206 sires and 2 591 dams. Lambing data of 

2 056 ewes of the different breed types born between 2003 to 2020 was obtained for the 

analysis of reproduction of the sheep in an arid and semi-arid environment. The data was 

cleaned and boundaries determined based on the normal distribution for weight data. Weight 

records which were three standard deviations more or less from the mean were eliminated. 

Subsequently, only ewes with an age at first lambing between 330 and 1 080 days were 

included in the analyses. The lower limit was based on the possibility of including abortions 

that occurred in late pregnancy. The upper limit took care of the likelihood of a subsequent 

lambing event being misclassified as the first lambing due to an unrecorded first lambing. 

Lambing intervals below 240 days and above 600 days were also excluded. Following cleaning, 

records on 1 636 animals comprising 80%  of the original data was used for the analyses. The 

traits evaluated were age at first lambing (AFL), lambing interval (LI), birth weight of the ewe 
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(EBWT), weaning weight of the ewe (EWWT), average birth weight in a litter for an ewe (LBWT) 

and average weaning weight for the litter of an ewe (LWWT). Descriptive statistics of the data 

used for the analysis of each trait is presented in Table 1. 
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Table 1: DescripZve staZsZcs for the traits studied grouped by sheep breed  

 Breed group  
Trait DDDD DDDR DDRR RRRR Overall 
Age of first lambing (AFL)      

N 327 428 473 408 1636 
Mean 739.66 756.85 727.29 702.65 731.35 
SD 165.45 182.97 172.97 164.36 173.08 
CV% 22 24 24 23 24 
Min 411 398 422 363 363 
Max 1082 1087 1087 1080 1087 

Lambing interval (LI)      
N 236 433 592 630 1891 
Mean 425.60 407.02 431.10 425.87 423.16 
SD 91.80 88.14 90.94 91.89 91.12 
CV% 22 22 21 22 22 
Min 211 208 211 209 208 
Max 600 599 600 599 600 

Birth weight of the ewe (EBWT)      
N 327 428 473 408 1636 
Mean 3.67 3.63 3.38 3.06 3.42 
SD 0.65 0.61 0.59 0.50 0.63 
CV% 18 17 17 16 18 
Min 1.8 1.9 1.7 1.3 1.3 
Max 5.8 5.1 5.1 5.1 5.8 

Weaning weight of the ewe (EWWT)      
N 327 428 473 408 1636 
Mean 17.23 16.79 16.38 14.26 16.12 
SD 4.00 4.23 3.99 3.05 4.00 
CV% 23 25 24 21 25 
Min 7.1 4.8 6 5.7 4.8 
Max 27 30 28 23.5 30 

Litter birth weight (LBWT)      
N 550 836 1053 975 3414 
Mean 3.51 3.71 3.63 3.20 3.50 
SD 0.71 0.66 0.67 0.57 0.68 
CV% 20 18 19 18 19 
Min 1.5 2 1.5 1.6 1.5 
Max 5.5 5.6 5.3 5.2 5.6 

Litter weaning weight (LWWT)      
N 444 719 964 829 2956 
Mean 17.19 17.21 16.76 15.33 16.53 
SD 4.82 4.38 4.18 3.78 4.29 
CV% 28 25 25 25 26 
Min 5.2 6.34 5.76 4.34 4.34 
Max 37.45 38.4 31.91 27.98 38.4 

Breed code: DDDD= pure dorper, DDDR = 75%Dorper-25%Red Maasai, DDRR = 50%Dorper-50%Red Maasai, RRRR = pure Red 
Maasai 

 

2.2.4 Data analysis 

2.2.4.1 Genetic parameter estimation 

The Linear Model procedure of R (R Core Team, 2021) was used to evaluate the factors that 

influenced the AFL, LI, EBWT, EWWT, LBWT and LWWT. The fixed effects (that significantly 

influenced each trait (P<0.05) were included in the subsequent univariate and multivariate 

animal model analyses using ASReml-R 4.1 (Butler et al., 2018). Least-square means (LSM) of 
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different fixed effects groups for each model were calculated and contrasted using Tukey HSD 

Post Hoc test (Toothaker, 1993) at P<0.05. 

Different animal models were used to estimate the genetic parameters for the traits as the 

fixed factors affecting each trait differed. To analyse the AFL and LI, the model accounted for 

year-season of birth and breed effects. The breed, year of birth, season of birth and type of 

birth of the ewe were fitted to evaluate the EBWT and EWWT of the ewe. For LBWT and LWWT 

models, breed, sex of the lamb, type of birth of the lamb, year-season of lambing of the ewe, 

parity of the ewe, and age of the ewe nested within the parity were included as fixed effects. 

Additional effects included in the analyses of LBWT and LWWT were, type of birth, sex, and 

the breed of the lamb. Although 5 parities were represented in the data, parity effects were 

modelled with only four classes: parities 1, 2 and 3 separately, and parities 4 to 5 pooled into 

a fourth class. The effect of the Age of the ewe was fitted using a Legendre polynomial of 

order two. 

The univariate animal model 1 was used to estimate the heritability, additive, phenotypic and 

residual variances for AFL, EBWT and EWWT. 

 

𝒚 = 𝑿𝜷 + 𝒁𝒂 + 𝒆         Model 1 

 

Where 𝒚 is the vector of observations on the specific trait of the animal; 𝜷 and 𝒂 are vectors 

of fixed effects influencing the traits and direct additive genetic effects, respectively and e is 

the vector of residual errors. X is the incidence matrix relating observations to fixed effects; Z 

is the incidence matrix relating records to random animal effects. The vectors of random 

animal effects a and residual effects e were assumed to be normally distributed with a ~ N (0; 

𝑨𝜎!" ) and e ~N (0; 𝐈𝜎#"), where A corresponds to the numerator relationship matrix, I 

correspond to the identity matrix, 𝜎!"  is the additive genetic variance, and 𝜎#" is the residual 

variance. 

The repeatability animal Model 2 was fitted to estimate the heritability, additive, phenotypic 

and residual variances for LI, LBWT and LWWT. 

 

𝒚 = 𝑿𝜷 + 𝒁𝒂 +𝑾𝒑𝒆 + 𝒆        Model 2 

 

where 𝒚 is a measurement of individual trait, 𝜷 is the vector of the fixed effects in the model 

which included significant factors of variations for each in trait, 𝒂 is the solutions of random 

animal additive genetic effects, 𝒑𝒆 is the vector of random permanent environmental effects 
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and non-additive genetic effects and e is the vector of random residual effects. The vectors of 

random animal effects 𝒂, random permanent maternal environmental effects 𝒑𝒆, and 

residual effects e were assumed to be normally distributed with a ~ N (0; 𝑨𝜎!" ), pe ~ N (0; 

𝑰𝜎$#" ) and e ~N (0; 𝐈𝜎#"), where A corresponds to the numerator relationship matrix, I 

correspond to the identity matrix, 𝜎!"  is the additive genetic variance, 𝜎$#"  is the permanent 

maternal environmental variance, and 𝜎#" is the residual variance. X is the incidence matrix 

relating observations to fixed effects; Z is the incidence matrix relating records to random 

animal effects. X, Z and W are incidence matrices relating observations to fixed, random 

animal and permanent environmental effects, respectively.  

Phenotypic and genetic correlations among traits were estimated using variances and 

covariances estimated from multivariate animal models. The following assumptions were 

made for the additive genetic effects in the multivariate models: 
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𝟎
𝟎
𝟎
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𝜎𝟐𝒂𝟏 𝜎𝒂𝟏𝒂𝟐 𝜎𝒂𝟏𝒂𝒏
𝜎𝒂𝟏𝒂𝟐 𝜎𝟐𝒂𝟐 𝜎𝒂𝟐𝒂𝒏
𝜎𝒂𝟏𝒂𝒏 𝜎𝒂𝟐𝒂𝒏 𝜎𝟐𝒂𝒏

;< 

where 𝑎)  is the vector with additive genetic effects for trait i, 𝜎!$
"  is the additive genetic 

variance of trait i, and 𝜎𝒂𝒊𝒂𝒋 	is the genetic covariance between trait i and j. 

The residuals in the multivariate model were assumed to be: 
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;< 

where 𝑒)  is the vector with residuals for trait i, 𝜎#$
"  is the residual variance of trait i, and 𝜎𝒆𝒊𝒆𝒋 	is 

the residual covariance between trait i and j. 

The likelihood ratio test was used to test whether the heritability estimates differed 

significantly from zero by comparing the log likelihood of the tested model against a model 

without random animal genetic effects.  

2.2.4.2 Genetic gain  

The overall genetic gain was the regression coefficient of estimated breeding values. The EBVs 

were averaged over each of the traits within year of birth, and resultant values regressed 

across the year of birth,  model 3: 

𝑦! = 𝑏+ + 𝑏,𝑥!        Model 3 

where  𝑦!	is the average of EBV of ath year of birth;  𝑥!	is the ath year of birth;  𝑏+	and 𝑏,, are 

the intercept and the linear regression coefficient, respectively.  
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2.2.4.3 Rainfall index 

An annual rainfall index was developed to model the variation in rainfall from 2003 to 2020 

experienced on the ranch using  the monthly rainfall data collected at the ranch weather 

station. Equation 1 was used to calculate the annual rainfall index. 

𝑹𝑰𝒊 =
𝑿𝒊/	𝝁
𝝈𝝁

              Equation 1 

Where 𝑹𝑰𝒊 is the raifall index for the ith year, 𝑿𝒊 is the average rainfall for the ith year, 𝝁 is 

the overall mean rainfall for the period under study (2003-2020) and 𝝈𝝁 is the standard 

deviation of the the overall mean rainfall.  

2.3 Results 

2.3.1 Non-genetic factors 

The least square means and their respective standard errors for significant (P<0.05) fixed 

effects on the traits studied are presented in Table 2. The type of birth of the ewe and the 

season of birth of the lamb did not significantly affect the LBWT and LWWT. The pure Red 

Maasai had a significantly (P<0.05) lower AFL, EBWT, EWWT, LBWT and LWWT compared to 

the other breeds. Among the crossbreds, the DDRR has significantly (P<0.05) lower AFL, EBWT, 

EWWT, LBWT and LWWT compared to the DDDR breed. The DDDR breed had the lowest 

lambing interval across all breeds. Single born ewes were significantly (P<0.05) heavier than 

ewes born as twins. Male and single birth lambs were also significantly (P<0.05) heavier than 

female and twin lambs for both LBWT and LWWT. The LBWT increased significantly (P<0.05) 

as the parity of the ewe increased. However, the difference in LWWT was only significant 

(P<0.05) between litters born in parity one and those born in parity four. 

 



 

 
 

Table 2: Least square means (LSM) ± SE for age at first lambing (AFL), Lambing Interval (LI), ewes’ birth weight (EBWT), ewe’s weaning weight (EWWT), 

Lider birth weight (LBWT) and lider weaning weight (LWWT) for the sheep populaZon 

Fixed effects AFL (days) LI (days) EBWT (kgs) EWWT (kgs) LBWT (kgs) LWWT (kgs) 
 (N) LSM±SE (N) LSM±SE (N) LSM±SE (N) LSM±SE (N) LSM±SE (N) LSM±SE 
Breed *** ** *** *** *** *** 

DDDD (327 )806.66±7.56a (236) 424.60±5.95ab (317) 3.32±0.04a (265) 15.01±0.26a (838) 3.51±0.03a (681) 16.30±0.25a 
DDDR (428) 784.84±6.56a (433) 407.02±4.40a (428) 3.32±0.03a (413) 14.90±0.23a (1387) 3.56±0.03a (1138) 16.30±0.21a 
DDRR (473) 752.65±6.52b (592) 428.10±3.95b (467) 3.10±0.03b (456) 14.12±0.23b (1736) 

3.44±0.03ab 
(1508) 15.80±0.20ab 

RRRR (408) 735.28±6.58b (630) 424.87±3.91b (411) 2.72±0.04c (378) 12.14±0.24c (1430) 3.03±0.03b (1232) 14.50±0.21b 
Type of birth (ewe)   *** ***   

Single - - (3340) 3.45±0.02a (3268) 15.51±0.10a - - 
Twin - - (188) 2.78±0.06b (178) 12.50±0.35b - - 

Sex (lamb)     *** *** 
Male - - - - (1644) 3.47±0.02a (1401) 16.30±0.18a 
Female - - - - (1770) 3.30±0.02b (1555) 15.20±0.18b 

Type of birth (lamb)     *** *** 
Single - - - - (3179) 3.68±0.01a (2763) 17.00±0.11a 
Twin - - - - (235) 3.09±0.04b 1193) 4.50±0.30b 

Parity     *** *** 
One - - - - (1602) 3.06±0.02a (1357) 14.50±0.19a 
Two - - - - (895) 3.39±0.03b (793) 16.20±0.20b 
Three - - - - (571) 3.49±0.03c (500) 16.50±0.23b 
Four - - - - (346) 3.60±0.04d (306) 15.90±0.28b 

Season of birth (ewe) *** ***  *** *** * 
Long wet (446) 817.80±9.79a (633) 425.52±6.86a  (498)13.42±0.35a (509) 3.38±0.04ab (470) 14.80±0.32a 
Short wet (640) 730.94±7.16b (731) 414.56±3.68a  (585) 16.45±0.24b (667) 3.34±0.03a (606) 16.00±0.22b 
Long dry (350) 783.23±8.94a (353) 407.62±4.85bc  (378) 12.41±0.27a (384) 3.39±0.03ab (361) 16.10±0.25b 
Short dry (200) 747.83±7.04b (174) 437.47±3.48b  (233) 13.96±0.26a (229) 3.43±0.03b (167) 16.00±0.23b 

***, ** , * means the fixed effect is significant at P<0.001, P<0.01 and P<0.05 respec^vely 
Breed code: DDDD= pure dorper, DDDR = 75%Dorper-25%Red Maasai, DDRR = 50%Dorper-50%Red Maasai, RRRR = pure Red Maasai 
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2.3.2 Genetic parameters 

The phenotypic, additive and residual variances, and heritability estimates for the traits by 

breed group and by population are presented in Table 3. The pure Dorper breed had higher 

heritability estimates for AFL, EBWT, and EWWT compared to the other breeds. Heritability 

estimates for LWWT were generally lower than that for LWB across all breeds.  The heritability 

estimates for BWT, WWT and LBWT were all significant (P<0.05) while the heritability 

estimates for lambing interval were not significant (P>0.05).  Overall, the heritability estimates 

for the ewe’s birth weights were higher compared to that of their weaning weights, the same 

pattern also being observed between their corresponding lambing birth and weaning weights. 

The heritability estimates of  EBWT and EWWT across the breeds were higher (ranging 

between 0.28 and 0.42) than those LBWT and LWWT (ranging between 0.00 to 0.18). The 

maternal effects on LBWT and LWWT was 0.19 and 9.05 respectively which accounted for 76% 

of the total residual variance. The overall repeatability estimates for LBWT and LWWT were 

0.25±0.03 and 0.16±0.03 respectively. The repeatability estimate for LI was almost zero. 
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Table 3: Overall and within breed variance components and heritability esZmates for age at 

first lambing (AFL), Lambing Interval (LI), ewes’ birth weight (EBWT), ewe’s weaning weight 

(EWWT), Lider birth weight (LBWT) and lider weaning weight (LWWT) grouped by sheep 

breed 

Breed 𝜎!" 𝜎#" 𝜎$" ℎ"± SE P Value 
DDDD      

AFL 15619.60 3377.745 12241.85 0.22±0.16 0.15 
LI 6835.09 0.02 6835.07 0.00±0.09 0.09 
EBWT 0.33 0.14 0.19 0.42±0.03 0.00 
EWWT 9.39 3.44 6.49 0.33±0.02 0.01 
LBWT 0.36 0.05 0.231 0.13±0.04 0.03 
LWWT 16.59 0.00 16.59 0.00±0.00 0.34 

DDDR      
AFL 14424.75 1701.17 12723.58 0.12±0.14 0.14 
LI 5936.84 198.80 5737.962 0.00±0.05 0.06 
EBWT 0.28 0.09 0.19 0.34±0.03 0.00 
EWWT 10.05 3.50 6.55 0.29±0.03 0.01 
LBWT 0.35 0.06 0.29 0.18±0.06 0.03 
LWWT 14.13 1.19 12.93 0.08±0.07 0.07 

DDRR      
AFL 11756.65 1022.95 10733.71 0.09±0.11 0.41 
LI 6152.05 0.99 6151.06 0.00±0.05 0.05 
EBWT 0.29 0.11 0.18 0.39±0.02 0.00 
EWWT 10.07 3.53 6.54 0.31±0.03 0.01 
LBWT 0.31 0.06 0.25 0.18±0.06 0.01 
LWWT 12.26 1.49 10.77 0.12±0.07 0.00 

RRRR      
AFL 9665.58 690.82 8974.76 0.08±0.08 0.30 
LI 6252.11 1.79 6250.31 0.03±0.03 0.07 
EBWT 0.22 0.08 0.14 0.39±0.03 0.00 
EWWT 6.61 2.52 3.98 0.28±0.08 0.01 
LBWT 0.24 0.04 0.19 0.17±0.06 0.01 
LWWT 10.07 0.26 9.81 0.03±0.03 0.00 

Overall      
AFL 13604.58 1179.42 12425.16 0.09±0.04 0.30 
LI 6262.51 0.0004.0 6262.51 0.00±0.00 0.18 
EBWT 0.26 0.08 0.18 0.38±0.04 0.00 
EWWT 10.04 3.50 6.54 0.23±0.03 0.01 
LBWT 0.31 0.06 0.25 0.19±0.03 0.01 
LWWT 13.16 1.25 11.91 0.09±0.02 0.00 

𝝈𝒑𝟐	= Phenotypic variance; 𝝈𝒂𝟐= direct additive genetic variance; 𝝈𝒆𝟐	= residual variance 
𝒉𝟐 = additive heritability of direct genetic effect  
Breed code: DDDD= pure dorper, DDDR = 75%Dorper-25%Red Maasai, DDRR = 
50%Dorper-50%Red Maasai, RRRR = pure Red Maasai. 

 



Chapter Two 

48 
 

2.3.3 Genetic and phenotypic correlations 

The overall genetic and phenotypic correlations of the traits are presented in Table 4. A 

negative low genetic and phenotypic correlation between AFL and LI was observed (<0.05). LI 

had a moderate negative genetic and a weak phenotypic correlation with all the traits. AFL 

had a positive low genetic and phenotypic correlation with LBWT and LWWT. The genetic and 

phenotypic correlations between the weights of the ewe (EBWT and EWWT) and the lambing 

weights (LBWT and LWWT) were all positive and strong.  The correlation between growth 

traits of the ewe and those of its lambs (EBWT and LBWT ; EWWT and LWWT) were positive 

and moderate. Generally, the pure Red Maasai sheep had higher genetic and phenotypic 

correlations between the traits than the pure Dorper sheep. 
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Table 4 GeneZc and phenotypic ± SE correlaZons for age at first lambing (AFL), Lambing 

Interval (LI), ewes’ birth weight (EBWT), ewe’s weaning weight (EWWT), Lider birth weight 

(LBWT) and lider weaning weight (LWWT) grouped by sheep breed 

 Breed group   
DDDD DDDR DDRR RRRR Overall 

Genetic correlation      
AFL - LI -0.11±1.47 -0.01±0.76 -0.07±0.95 -0.01±1.20 -0.04±0.82 
EBWT - LI -0.04±0.62 -0.32±0.25 -0.07±0.19 -0.30±0.49 -0.21±0.07 
EBWT - AFL 0.11±0.30 0.02±0.21 0.06±0.21 0.20±0.19 0.21±0.53 
EBWT- EWWT 0.12±0.13 0.39±0.06 0.42±0.04 0.45±0.04 0.85±0.28 
EWWT - AFL -0.03±0.24 -0.07±0.21 -0.02±0.21 -0.02±0.20 -0.10±0.13 
EWWT - LI -0.18±0.55 -0.21±0.23 -0.22±0.21 -0.29±0.48 -0.15±0.12 
LBWT - AFL 0.09±0.55 0.06±0.37 0.24±0.45 0.25±0.38 0.27±0.46 
LBWT - LI -0.58±1.70 -0.19±0.37 -0.18±0.34 -0.22±0.66 -0.53±0.08 
LBWT - LWWT 0.10±0.44 0.85±0.14 0.47±0.19 0.39±0.25 0.49±0.09 
LBWT - EBWT 0.30±0.24 0.33±0.11 0.50±0.09 0.50±0.11 0.53±0.06 
LBWT - EWWT 0.26±0.23 0.24±0.10 0.33±0.10 0.51±0.09 0.37±0.05 
LWWT -AFL 0.04±0.65 0.13±0.43 0.02±0.56 0.08±0.54 0.31±0.34 
LWWT - LI -0.23±1.15 -0.07±0.40 -0.62±0.48 -0.16±0.92 -0.28±19.59 
LWWT - EBWT 0.06±0.26 0.02±0.11 0.14±0.11 0.49±0.17 0.34±0.31 
LWWT - EWWT 0.06±0.22 0.13±0.11 0.16±0.11 0.36±0.16 0.24±0.07 
LWWT - LBWT 0.10±0.44 0.85±0.14 0.47±0.19 0.39±0.25 0.73±0.09 

Phenotypic correlation      
AFL - LI -0.12±0.09 -0.05±0.07 -0.02±0.07 -0.03±0.07 -0.01±0.03 
EBWT - LI -0.08±0.07 -0.09±0.06 -0.02±0.04 -0.04±0.04 -0.04±0.03 
EBWT - AFL -0.02±0.05 -0.00±0.050 -0.01±0.04 -0.05±0.04 -0.01±0.03 
EBWT- EWWT 0.16±0.06 0.39±0.06 0.42±0.05 0.45±0.04 0.55±0.02 
EWWT - AFL -0.04±0.05 -0.02±0.05 0.00±0.04 -0.01±0.05 -0.02±0.03 
EWWT - LI -0.09±0.07 -0.06±0.06 -0.05±0.04 -0.04±0.05 -0.02±0.03 
LBWT - AFL 0.01±0.06 0.03±0.05 0.06±0.04 0.00±0.05 0.02±0.02 
LBWT - LI -0.01±0.08 -0.01±0.05 -0.07±0.05 -0.06±0.05 -0.04±0.03 
LBWT - LWWT 0.28±0.05 0.36±0.03 0.27±0.03 0.32±0.03 0.31±0.02 
LBWT - EBWT 0.06±0.05 0.13±0.04 0.21±0.03 0.18±0.03 0.22±0.02 
LBWT - EWWT 0.06±0.05 0.10±0.04 0.14±0.03 0.20±0.04 0.15±0.02 
LWWT -AFL 0.04±0.07 0.11±0.05 0.01±0.05 0.01±0.06 0.07±0.03 
LWWT - LI -0.06±0.08 -0.03±0.06 -0.15±0.04 -0.04±0.05 -0.07±0.03 
LWWT - EBWT 0.05±0.05 0.02±0.04 0.05±0.03 0.13±0.04 0.08±0.02 
LWWT - EWWT 0.07±0.08 0.20±0.17 0.21±0.14 0.37±0.15 0.31±0.09 
LWWT - LBWT 0.28±0.05 0.36±0.03 0.27±0.03 0.32±0.03 0.31±0.02 

Breed code: DDDD= pure dorper, DDDR = 75%Dorper-25%Red Maasai, DDRR = 50%Dorper-
50%Red Maasai, RRRR = pure Red Maasai 
 

2.3.4 Genetic trends and gain  

The traits of importance in the selective breeding program were age at first lambing (AFL) and 

average litter weaning weight (LWWT). Figure 1 and 2 shows the genetic trend for AFL and 

LWWT by breed group plotted against the year of birth of the ewes. The pure Dorper and pure 

Red Maasai ewes born in 2011 had the highest genetic gain for AFL. Among the crossbreds, 

the DDRR and DDDR born in 2017 and 2013 had the highest genetic gain for AFL. The ewes 
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born in 2008 and 2009 had the lowest genetic gain for LWWT across all breed groups (Figure 

2). The pure Red Maasai ewes born from 2011 onwards had the highest genetic gain for LWWT 

compared to the other breed groups. 

 
Figure 1  Genetic trends for age at first lambing by sheep breed from 2003 to 2020 (AFL = Age at first lambing, 
EBV=Estimated breeding values, DDDD= pure dorper, DDDR = 75% Dorper-25%Red Maasai, DDRR = 50%Dorper-
50%Red Maasai, RRRR = pure Red Maasai) 
 
 

 
Figure 2 Genetic trends for litter weight at weaning by sheep breed from 2003 to 2020 (LWWT = Litter weight at 
weaning, EBV=Estimated breeding values, DDDD= pure dorper, DDDR = 75%Dorper-25%Red Maasai, DDRR = 
50%Dorper-50%Red Maasai, RRRR = pure Red Maasai) 
 
Table 5 presents the overall genetic gain achieved within each breed for the traits over 18 

years (2003-2020). Among the pure breeds, the Red Maasai had the highest genetic gain for 

all the traits compared to the other breeds. Among the crossbreds, the DDRR had a higher 
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genetic gain for EBWT, EWWT and LWWT compared to DDDR. The genetic gain for LWWT was 

higher than LBWT for all breeds. An undesirable positive genetic gain was evident in AFL for 

all the breed combinations during the period under study. 

 

Table 5 Overall geneZc gain ± SE for age at first lambing (AFL), Lambing Interval (LI), birth 

weight (EBWT), weaning weight (EWWT), Lambing weight at birth (LWB) and lambing weight 

at weaning (LWWT) from 2003 to 2020 grouped by sheep breed 

Breed AFL EBWT EWWT LI LBWT LWWT 
DDDD 0.09±0.03 0.01 ± 0.00 0.05 ± 0.03 0.05±0.07 0.01±0.01 0.01±0.03 
DDDR 0.21±0.02 0.01 ± 0.00 0.04 ± 0.03 0.05±0.06 0.01±0.01 0.01±0.03 
DDRR 0.37±0.02 0.02 ± 0.01 0.10 ± 0.03 0.01±0.05 0.01±0.01 0.03±0.01 
RRRR 0.68±0.02 0.02 ± 0.00 0.13 ± 0.03 0.07±0.06 0.01±0.00 0.04±0.02 
Breed code: DDDD= pure dorper, DDDR = 75%Dorper-25%Red Maasai, DDRR = 50%Dorper-50%Red 
Maasai, RRRR = pure Red Maasai 

 

2.3.5 Phenotypic trends and rainfall pattern 

The phenotypic trends for AFL and LWWT for the different breed combinations are plotted 

over the years against the annual rainfall index are presented in Figure 3 and Figure 4, 

respectively. The rainfall index is used to illustrate the semi-arid nature of the study 

environment where the sheep are raised. All the breeds had a similar trend for AFL. Generally, 

ewes born during years of low rainfall, 2007 to 2009 and 2013 to 2017, had higher AFL 

compared to those born during years of high rainfall reflecting a strong association between 

the annual rainfall and AFL (Figure 3). The below average precipitation of 2008, 2009, 2015 

and 2016 did not negatively affect the average litter weaning weight of the different breeds 

(Figure 4). 
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Figure 3 Phenotypic trends for age at first lambing by sheep breed and rainfall patterns from 2003 to 2020 
(DDDD= pure dorper, DDDR = 75%Dorper-25%Red Maasai, DDRR = 50%Dorper-50%Red Maasai, RRRR = pure Red 
Maasai) 
 

 
 
Figure 4 Phenotypic trends for litter weight at weaning by sheep breed and rainfall patterns from 2003 to 2020 
(DDDD= pure dorper, DDDR = 75%Dorper-25%Red Maasai, DDRR = 50%Dorper-50%Red Maasai, RRRR = pure Red 
Maasai) 
 
2.4 Discussion 

2.4.1 Non-genetic factors influencing reproduction of ewes 

The age at first lambing (AFL) is highly influenced by management decisions on when to mate 

the hoggets. AFL is an important indicator of the reproductive efficiency in a sheep flock 

therefore by delaying the AFL, the length of productive life and profitability of ewes in 

breeding lambs is negatively impacted(Abebe et al., 2023). The AFL of the Kapiti flock tended 
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to be higher for animals with a greater proportion of Dorper breed with the pure Red Maasai 

having the lowest AFL and the pure Dorper having a higher AFL. Among the crossbreds, the F1 

had the lowest average AFL.  This could be an indirect indication of an earlier onset of puberty 

or good conception rates in the Red Maasai compared to the Dorper within the semi-arid 

environment. Further research is required to confirm this hypothesis in order to optimize the 

AFL and improve the productivity of sheep in the arid environments. The AFL of 730 – 800 

days reported in this study across all breeds was higher than that of 400 – 600 days reported 

in other studies on sheep raised under a similar extensive production system ((Abebe et al., 

2023; Tera et al., 2020; Zishiri et al., 2013). Hoggets can be selected for breeding as early as 7 

months hence optimizing the reproductive efficiency and lifetime performance of the sheep 

flocks (Abebe et al., 2023). 

The lambing interval reflects the ability of ewes to regularly produce offspring and is a critical 

measure of the reproductive effectives of a sheep flock. Lambing intervals were variable 

across the different breeds of sheep in the flock analysed with the 75%Dorper-25%Red Maasai 

breed having on average, the lowest lambing interval. The lambing intervals were also longer 

(400 – 430 days) compared to other studies on sheep in tropical areas (240 – 300 days) 

(Asmare et al., 2021; Aragaw et al., 2011; Gbangboche et al., 2006). Improving farm 

management practices to enable early oestrus detection, exposing ewes to rams in shorter 

intervals following lambing, and improving their nutrition and health management should be 

adopted to reduce the lambing intervals. 

As reported in studies on sheep production in other countries, the male lambs and singletons 

were heavier when compared to the females lambs and twins (Boujenane and Diallo, 2017; 

Abbasi et al., 2012). The significantly higher LBWT and LWWT of lambs born to older ewes 

compared to those of younger ewes was an indication of improved mothering ability with the 

increased age and parity of the ewe. A similar pattern in lamb growth was reported by 

Boujenane et al., 2013. The litter weight at weaning (LWWT) is an important indirect indicator 

of good mothering ability. 

2.4.2 Genetic influence on ewe fertility  

The overall heritability estimates for AFL was very low. Across breeds, the pure Dorper had 

the highest heritability estimate for AFL while the pure Red Maasai had the lowest heritability 

estimate indicating the large environmental effects on the expression of these traits. The 

heritability estimates among the crossbred groups were similar. These heritability estimates 

were similar to those reported in other populations (Abdoli et al., 2019; Rosati et al., 2002). 

Direct selection for improved AFL within breeds may not result in much genetic progress. The 
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AFL is notably an important reproductive trait as it has a strong influence on the profitability 

of the sheep enterprise. With the high influence of the environment on fertility, efforts to 

improve AFL should focus on farm management practices. Like AFL, LI is highly influenced by 

environment and that explains the overall heritability estimate of zero both at the population 

level and within breed groups. 

The heritability estimates for LBWT and LWWT were in a similar range of those reported in 

other studies in tropical areas  (Nabavi et al., 2014; Zishiri et al., 2013; Mohammadi et al., 

2012). Across all breeds, the heritability estimates for LBWT was similar however the pure 

purebred (RRRR and DDDD) had lower heritability estimates for LWWT compared to the 

crossbreds. It was notable that growth rates were higher for lambs with a higher proportion 

of Dorper in the breed. The Dorper breed is known for its good genetic potential for growth 

which also has a higher heritability, making it a choice breed in many crossbreeding programs 

that want to improve growth rates  (Charlotte Milne, 2000). 

The overall and within breed genetic correlation between lambing interval and all the growth 

traits studied (EBWT, EWWT, LBWT and LWWT) was negative, indicating that shorter lambing 

intervals would not adversely affect the growth traits. The positive genetic and phenotypic 

correlations across all breeds between the weight of the ewes (EBWT and EWWT) with their 

litter weight at lambing (LBWT) and at weaning (LWWT) and the moderate heritability 

estimates indicates the opportunity for indirect selection of LBWT and LWWT using the birth 

weight or weaning weight of the ewe. Additionally, the high positive genetic correlation across 

all breeds between LBWT  and  LWWT  indicates  that  selection for growth  can be done using 

LWWT in line with results reported by (Bezerra et al., 2009). Generally, among the purebreds, 

the Red Maasai had higher genetic and phenotypic correlations across the traits while among 

the crossbreds, the F1 (DDRR) had higher correlations than the DDDR. 

2.4.3 Phenotypic trends and genetic gain 

The significantly high influence of the environment on AFL was reflected by the phenotypic 

trend and variation with annual rainfall. Adequate rainfall is crucial for maintaining pasture 

quality, which directly impacts the nutrition of breeding ewes. Semi-arid environments are 

generally characterized by low annual rainfall. The low annual rainfall leads to poor forage 

availability, affecting the body condition of ewes and delaying the age at which ewes reach 

reproductive maturity, suppress oestrus activity and reducing conception rates (George 

Wanjala et al., 2023b; Zhang et al., 2021; Ogutu et al., 2015) . Despite the years that 

experienced low rainfall, the pure Red Maasai was able to maintain a slightly lower AFL 

compared to the other breeds. Indigenous sheep breeds are known to be well adapted to local 
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climatic conditions, which may influence their reproductive traits, including age at first 

lambing (Mengistu, 2008). The availability of pasture, which is influenced by amount of 

rainfall, also affects the quality and quantity of milk available for lambs up to weaning hence 

affecting the weaning weight of the lambs (Farrag, 2022; Gonzalez-Ronquillo et al., 2021). In 

this study area, the weaning weight of lambs was not adversely affected by low rainfall which 

could be an indication of adaptabilty of the flock to the environment for growth. The ability of 

ewes to consistently produce heavier lambs is a measure of their resilience within the 

environment in which they are raised. McLaren et al. (2023) found that ewes that were in 

good body condition between weaning and pre-mating had higher numbers of lambs weaned. 

Therefore, interventions in the semi-arid environments should focus on providing better 

pastures for lactating ewes and weaned females due to poor pasture which in turn influences 

the reproductive cycles of sheep, milk production and eventually the weaning weights of 

lambs. 

The fluctuating genetic trend in AFL of this study indicated limited selection for the trait over 

the years. The Red Maasai was able to perform better even in years when there was below 

average rainfall compared to the other breeds hence had a highest genetic gain in EBWT, 

EWWT, LBWT and LWWT during the study period.  

 
2.5 Conclusion 
 
The Red Maasai breed is an indigenous breed in East Africa that is well adapted to its 

environment and is widely crossed by the Dorper breed for improved growth performance. 

Given the socio-economic and cultural importance of the Red Maasai sheep and the 

indiscriminate crossbreeding with the Dorper sheep among the pastoral communities, 

understanding the production parameters will enable the selective breeding and conservation 

within its natural environment while maintain the optimum level of crossbreds with the 

Dorper. Among the pure breeds, the pure Red Maasai ewes (RRRR) performed better than the 

pure Dorper (DDDD) for all the traits. Between the crossbreeds, the 50%Dorper-50%Red 

Maasai ewes (DDRR) had a better response to selection compared to the 75% Dorper-25%Red 

Maasai ewes (DDDR) across all traits. Overall, under semi-arid conditions, the F1 (DDRR) would 

be a better breed when considering both growth and reproduction traits. This is more so given 

the increasing impact of climate change.  This indicates the necessity to maintain the pure line 

of the Red Maasai both for conservation and sustainable utilization. However, to improve the 

performance of the ewes, a selection index should be developed for each breed group, using 
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the genetic parameters estimated,  incorporating both growth and reproduction traits and 

improving farm management practices for optimal flock productivity. 
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Abstract 
 
The survival of lambs and longevity of ewes within flocks are important for the sustainability 

of sheep populations especially in arid and semi-arid lands (ASAL). In this study we conducted 

pre- and post-weaning survival analysis of lambs and the longevity of ewes of indigenous pure 

Red Maasai (RRRR), pure Dorper (DDDD), and their crosses comprising F1 (DDRR) and 

75%Dorper-25%Red Maasai (DDDR) using Cox and Weibull proportional hazard models. The 

objective was to determine the genetic and non-genetic factors affecting lamb survival to 

yearling as well as ewe longevity. Data comprised records on 6,313 lambs and 2,003 ewes. 

Overall pre-weaning mortality was lower (5%) compared to post-weaning mortality rate 

(17%). Lambs born during the long dry season had a higher risk of dying  than those born 

during the wet seasons. For both lambs and ewes, the Dorper had the highest risk of dying or 

being culled. Among the crossbreds, the DDDR lambs and ewes had higher risks of dying or 

being culled relative to F1 lambs and ewes. The risk of ewes being culled reduced with 

increasing age at first lambing and parity. Heritability estimates for pre-weaning mortality 

were higher (0.10 - 0.14) than post-weaning mortality (0.01 - 0.05). The higher heritability for 

pre-weaning lamb survival in indicates greater genetic variation, presenting an opportunity 

for selection for lamb survival. Interventions to improve the production environment in the 

ASAL areas would also improve the survival of lambs and longevity of ewes.  

 

Keywords: Lamb survival, Ewe longevity, Dorper, Red Maasai, Risk ratios, Genetic parameters 

 
3.1 Introduction 
 
The survival of young animals and longevity of productive female animals in a flock are 

important for the success of any sheep production system. In arid and semi-arid lands (ASAL), 

sheep reared are exposed to climates characterized by high temperatures, droughts and 

limited forages. These harsh climatic conditions can increase animal mortality rates which not 

only threaten the sustainability of sheep farming but also present a significant economic loss 

to the farmer (Dwyer et al., 2015; Hossein-Zadeh et al., 2018; Riggio et al., 2008).  Selection 

and breeding for lambs that are most resilient within the environment can achieve a desirable 

outcome in both flock performance and animal welfare (Rauw et al., 2021). Lamb survival is a 

compound trait influenced by both genetic factors of the ewe and lamb, and non-genetic 

factors such as management practices and environmental variables (Hossein-Zadeh et al., 

2018; Mandal et al., 2007). The survival of female lambs to maturity determines their ability 

to become productive assets within a flock. At maturity, regular reproduction and longevity 
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of ewes within a flock is desirable for producing saleable animals with low costs of rearing of 

replacement animals. Therefore, increasing the number of lambs raised per ewe and the 

longevity of the ewes in a flock would result in improved overall productivity of the farm.  

Indigenous sheep breeds that are resilient and productive within the arid and semi-arid 

environments play an important socio-economic role in the livelihoods of pastoralists (Nyariki 

and Amwata, 2019). However, information on the survival and productivity of such breeds 

under different arid climates is limited. In 2003, the International Livestock Research Institute 

(ILRI) began a selective breeding program of indigenous Red Maasai sheep and their crosses 

with Dorper sheep in Kenya. The Red Maasai sheep is a fat-tailed breed known for its genetic 

resistance to nematodes (e.g. Haemonchus contortus) (Baker et al., 2004; Mugambi et al., 

2005) and is well adapted to semi-arid environments, while the Dorper is a composite breed 

imported from South Africa that is known for its good growth rates and carcass quality (Milne, 

2000). The main goal of the breeding program is to improve the growth rates of the indigenous 

Red Maasai sheep, and crossbreed with the Dorper to improve the carcass quality of their 

offspring while maintaining the inherent genetic resistance of the Red Maasai to Haemonchus 

contortus. The changing climatic conditions and increasing demand of more productive and 

resilient animals by communities in arid areas of Eastern Africa present the challenge to 

expand the outlook in breeding programs to include critical traits related to survival and 

longevity of animals.  By including the survival of lambs in the selection criteria for breeding 

animals, adaptability of flocks is promoted  in a given environment (Mandal et al., 2007) 

This paper investigates the genetic and non-genetic factors influencing the survival of 

indigenous and crossbred Red Maasai lambs pre- and post-weaning to yearling age, and the 

longevity of the ewes within a semi-arid environment to identify critical intervention points 

for their management to improve productivity and provide an evidence base for more optimal 

offtake and culling ages for sheep in the ASAL.  

 
3.2 Materials and Methods 

3.2.1 Study area and flock management 

The dataset used in this study was obtained from the sheep flock at the ILRI Kapiti Research 

Station and Wildlife Conservancy (formerly known as Kapiti Plains Estate) in Machakos County, 

Kenya. The research station and conservancy is situated between 1,650 and 1,900 meters 

above sea level and at -1.6 latitude and 37.1 longitude. The area receives an average annual 

rainfall of around 552 mm, and the temperature ranges between 22 — 27 °C. It has four 

distinct seasons: the long-wet season (March to May), the short-dry season (January and 
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February), the long-dry season (June to September), and the short-wet season (October to 

December). The research station is mostly covered in grasses and shrubs and is home to both 

wild and domestic animals. Grazing pasture supply is often limited during  prolonged dry 

seasons.  

The sheep are managed in separate flocks depending on their age and sex and grazed on the 

naturally occurring pasture resources as outlined in Oyieng et al., 2022. Briefly, lambs are 

weighed at birth, at weaning (3 months), at 6, 9 and 12 months of age. From nine months of 

age, when female lambs weigh at least 24 kgs, they are exposed to rams for their first mating. 

As an initial objective was to grow the flock size, all female lambs in the flock were retained 

for mating. The best performing 10% of the young rams are selected based on their estimated 

breeding values (EBV) for growth to nine months and their dams' reproductive performance 

measured as the age at first lambing and intervals between lambing. Following physical 

examination of these animals for conformation attributes and health status, best rams are 

identified for breeding within the flock, taking special care to avoid inbreeding. Water is 

provided ad libitum for all the animals when in the pens during the night, and before setting 

out for grazing during the day. When animals are grazing in the open fields, water is provided 

twice in the day. Scheduled vaccination against anthrax, enterotoxaemia, and foot and mouth 

disease are provided annually, bi-annually, and every 5 months respectively. Anthelmintic 

treatment is given to animals before and after the rainy season based on age and  body 

condition. Animals leave the flock due to several reasons including a) death from diseases 

confirmed by a veterinarian, predation, drought, accidents, general weakness and unknown 

causes, and b) culled due to deformities, extremely poor growth performance and old age for 

females more than 6 years old. Ewes may also be culled from the flock if they fail to produce 

offspring after exposure to rams in more than 3 matings. Surplus male animals and those 

ranked within the top 25% of their breed group and not earmarked for breeding on the ranch 

are sold as breeding rams for other livestock keepers. The remaining male animals are 

castrated and sold for meat. 

 3.2.2 Data structure  

Data on 6,313 lambs and 2,003 ewes of either pure Red Maasai (RRRR), pure Dorper (DDDD) 

or their reciprocal crosses (75%Dorper-25%Red Maasai - DDDR, and 50%Dorper-50%Red 

Maasai - DDRR) were obtained from the ranch to study survival of lambs in two phases, from 

birth to weaning and post-weaning to yearling,  and the length of productive life of female 

animals. The lambs were born between 2003 and 2022, while ewes were born between 2003 

and 2020 and had lambed at least once. Lamb survival to weaning and post-weaning to 
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yearling was evaluated based on any culling date between its birth date and the date at which 

the animal reached 90 days (weaning) and 90 to 365 days, respectively. The length of 

productive life of the ewes was calculated as the difference between its culling date and the 

date of its first lambing. An upper limit for age of an ewe at culling was set to 6 years (2,190 

days) of age based on the ranch policy of culling ewes for age at 6 years. The records on lambs, 

at 90 and 365 days, and ewes at 2,190 days were “censored”, respectively as described by 

Ducrocq (1997). Censored animals (animals that were alive by the end of the observation 

period i.e. 90, 365 and 2,190 days) were coded as 0 while uncensored animals (animals had 

died or been culled before the end of each observation period) were coded as 1 in the dataset. 

In addition to evaluating the differential survival rates, data from the lambs were used to 

estimate genetic parameters for lamb survival from birth to weaning, weaning to yearling and 

birth to yearling. The pedigree information used in the estimation of the genetic parameters 

had 11,964 animals spanning 12 generations, representing offspring of 206 sires and 2,591 

dams.  

3.2.3 Data analysis 

The analysis was done using the Cox and Weibull hazard models of the Survival Kit version 

6.12 software (Mészáros et al., 2013). The software uses hazard functions to account for all 

the information available from both censored and uncensored records and can consider time-

dependent variables and non-normality of the data (Ducrocq, 1997; Ducrocq et al., 2000). This 

is important since survival data is usually heavily skewed.  

3.2.3.1 Survival analyses 

Pre- and post-weaning lamb survival  

Analyses were initially implemented using a Cox proportional hazard model to investigate 

the influence of various factors on the risk of a lamb dying before weaning and post-weaning 

to yearling. The general model for the analysis of lamb survival at the different stages was: 

𝜆(𝑡) = 	𝜆+(𝑡) exp(𝑦𝑜𝑏) + 𝑠𝑜𝑏3 +	𝑠𝑒𝑥4 +	𝑡𝑜𝑏5 +	𝑏𝑟𝑑6 +	ℎ𝑡7 +	𝑟𝑐8)           [1.1] 

Where λ(t) = the risk of death or probability of lamb being dying at time t, λ0(t) = is an arbitrary 

baseline hazard function representing the aging process over time t.  𝑦𝑜𝑏)  is the fixed effect 

of ith year of birth, 𝑠𝑜𝑏3  is the fixed effect of the jth season of birth, 𝑠𝑒𝑥4 is the fixed effect of 

the kth sex of the lamb, 𝑡𝑜𝑏5   is the fixed effect of the lth type of birth, 𝑏𝑟𝑑6 is the fixed effect 

of the mth breed group of the animal, ℎ𝑡7 is the fixed effect of the nth level of heterosis in each 
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animal and 𝑟𝑐8 is the fixed effect of the oth  level of recombination in each animal. The 

heterosis and recombination for each animal was calculated using equations [1.2] and [1.3] 

respectively. The proportions of one of the breeds in the population (i.e. either Red Maasai or 

Dorper) in the sire and dam of each animal was used to calculate the heterosis and 

recombination for each animal. The Red Maasai breed was chosen as the representative 

breed. 

 

R𝑆96(1 − 𝐷96)W + 𝐷96((1 −	𝑆96))	          [1.2] 

                                    

R𝑆96(1 − 𝑆96)W +	𝐷96((1 − 𝐷96)         [1.3] 

 

Where  𝑆96  is the proportion of Red Maasai in the sire of the animal and  𝐷96 is the 

proportion of Red Maasai in the dam of the animal. The proportions were either 0.00, 0.25, 

0.50, 0.75 or 1.00. 

The Likelihood ratio test was used to determine the significance of each fixed effect in the 

survival model and those that were not significant at p=0.05 were excluded from the final 

model. The parity and interactions between the fixed effects were not significant and were 

thus excluded from the final model.  

In a second analyses, the different breeds of sheep in the flock were accounted for by defining 

each breed as a separate stratum with a different baseline. The model used for this analysis 

was:  

 

𝜆)(𝑡) = 𝜆+:(𝑡) exp(𝑦𝑜𝑏) + 𝑠𝑜𝑏3 +	𝑠𝑒𝑥4 +	𝑡𝑜𝑏5)                           [1.4] 

  

Where λ0m(t) is the baseline hazard function at time t stratified by breed m; other effects are 

as defined in Model 1.1. The Weibull function was used to determine the risk ratios for 

different factor levels in the analyses. The analytical model was similar to the Cox model, 

however in the Weibull analysis,  𝜆+(𝑡) = 	 𝜆$(𝜆+𝑡)p-1 which is the baseline hazard function 

with shape parameter p and scale parameter 𝜆8of the Weibull distribution. 

 

Ewe longevity  

The general model for the analysis of ewe longevity to 2,190 days using both the Cox and 

Weibull functions was: 



Chapter Three 

69 
 

𝜆(𝑡) = 	𝜆+(𝑡) exp(𝑃𝑟)	(𝑡)+	𝑦𝑜𝑙	(𝑡)3 + 𝑏𝑤𝑡4 + 𝑎𝑓𝑙5 +	𝑠𝑛6 	+ 	𝑡𝑜𝑏7 +	𝑏𝑟𝑑$	)           [1.5] 

Where, λ(t) = the probability of an ewe being culled at time t, λ0(t) for the Cox model is the 

baseline hazard function representing the ageing process, while for the Weibull model the 

𝜆+(𝑡) = 	 𝜆$(𝜆8𝑡)p-1 which is the baseline hazard function with shape parameter p and scale 

parameter 𝜆8of the Weibull distribution. 𝑃𝑟) 	(𝑡) is the time-dependent effect of the ith parity 

with parities numbered as 1 to 5 that changed with each lambing.  The  𝑦𝑜𝑙7	(𝐭) is the time-

dependent effect of the jth year of lambing. The time-dependent variables were fitted as 

described by (Mészáros et al., 2013). Fixed effects included in the model were  𝑏𝑤𝑡4  the kth 

birth weight of the ewe classified into three groups as low birth weight (below 1 SD from the 

mean), medium birth weight (1 SD plus or minus from the mean) and high birth weight (1 SD 

above the mean); 𝑎𝑓𝑙5  is the fixed effect of the lth age at first lambing classified into four groups 

(<615 days, 615-795 days, 795-975 days and >975 days), 𝑠𝑛6 is the fixed effect of the mth 

season of birth of the ewe, 𝑡𝑜𝑏7  is the fixed effect of the nth type of birth, 𝑏𝑟𝑑$ is the fixed 

effect of the pth  breed of the ewe  . The suitability of the Weibull model was assessed by 

evaluation of the ln-cumulative hazard plot ln (-ln S(t)) versus ln (t), where S(t) and t are the 

Kaplan-Meier survivor function and number of days respectively. The plot showed a straight 

line which confirms that the data followed the Weibull distribution.  

Kaplan-Meier survivor curves and risk ratios 

Kaplan-Meier survivor functions for lambs for pre- and post-weaning, and ewes from first 

lambing to six years were plotted for the different breeds. The equation for estimating Kaplan-

Meier survivor estimates is shown below (Kaplan and Meier, 1958) 

𝑆̂(𝑡) = 	Π3:<	3=<
7(/>(
>(

   [1.6] 

Where 𝑛3  is the number of lambs/ewes alive at time tj and dj is the number lambs/ewes dying 

or culled at time tj. 

The risk ratios within a contemporary group determined through the Weibull analyses was 

compared to the risk ratio of one level, the reference level, within the group which was set as 

risk ratio of 1.00. Risk ratios greater than one correspond to higher risk of death/culling while 

risk rations less than one indicate a reduced risk of death/culling. 
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3.2.3.2 Estimation of genetic parameters and genetic trends for lamb survival  

Animal models were run including pedigree information using the Weibull model to estimate 

genetic variance components, heritability, estimated breeding values (EBVs). Heritability was 

estimated using the equation below (Yazdi et al., 2002) 

ℎ" =	
𝜎?"

1
𝑝 +	𝜎?

"	
 

Where ℎ" is the coefficient of heritability for lamb survival, 𝜎?" is the genetic variance and p is 

the proportion of uncensored records. The EBVs were averaged within each breed group and 

year of birth to plot the genetic trend for risk of lambs exiting the flock before weaning age.  

 
3.3 Results 

3.3.1 Lamb survival  

Survival patterns 
 
Summary statistics of the lambs in the population and their survival from birth to weaning and 

weaning to yearling age by breed are presented in Table 1. In the overall population, 95% and 

83% of lambs survived to weaning (90 days) and to yearling (365 days), respectively. The Red 

Maasai had the lowest mortality rates pre-weaning and post-weaning  of 2% and  13%, 

respectively, while the Dorper had the highest post-weaning mortality rate of 24%.  

 

Table 1 Summary staZsZcs of lamb survival by breed 

Period Parameter DDDD DDDR DDRR RRRR Overall 

Birth to weaning Total number of records 1406 1901 1634 1372 6313 

Censored records 1333 1805 1556 1344 6038 

Uncensored records 73 96 78 28 275 

Average failure time (days) 50 57 57 59 55 

Mortality rate 5% 5% 5% 2% 5% 

Weaning to yearling Total number of records 1333 1805 1556 1344 6038 

Censored records 1072 1513 1384 1191 5160 

Uncensored records 261 292 172 153 878 

Average failure time (days) 319 327 333 343 332 

Mortality rate 24% 19% 12% 13% 17% 

Breed code: DDDD - pure dorper, DDDR - 75%Dorper-25%RedMaasai, DDRR - 50%Dorper-50% Red 
Maasai (F1), RRRR - pure Red Maasai 
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Factors affecting lamb survival from birth to weaning 
 
Table 2 presents the risk ratios and mean age of failure for the significant (P<0.05) fixed factors 

affecting survival of lambs from birth to weaning. The sex of the lamb did not significantly 

affect (P>0.05) the survival of lambs between birth and weaning (90 days). Among the breeds, 

the pure dorper the highest risk of dying before weaning (P<0.05). Lambs born during the wet 

seasons had a significantly (P<0.05) lower risk of dying compared to lambs born during the dry 

seasons. The parity in which the lambs were born also affected their survival to weaning 

(P<0.05). The risk of lambs dying decreased with increasing  parity of the ewe. Heavier lambs 

and lambs born as single births had higher chances of surviving to weaning compared to 

lighter lambs and twins. Lambs with a heterosis and recombination of 0.2 had a significantly 

(P<0.05) higher risk of dying before weaning.  
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Table 2 Factors affecZng lamb survival from birth to weaning and their risk raZo, mean age 
at failure (days) and Weibull parameter esZmate (ρ)± Standard Error 

 
Effect and class Risk ratio Mean age at failure (days) ρ ± SE 
Breed *    

DDDD 2.205 50 0.111±0.486* 
DDDR 1.967 57 0.000±0.000ns 
DDRR 0.986 57 -0.153±0.468* 
RRRR 1.000a 59 -0.033±0.677* 

Season of birth*    
Long wet 0.413 59 -0.884±0.209ns 

Short wet 0.574 58 -0.065±0.186* 
Long dry 1.000a 49 -0.555±0.234* 

Short dry 0.937 58 0.000±0.000ns 
Type of birth*    

Single 1.000a 57 0.000±0.000 ns 
Twin 1.291 46 0.255±0.241* 

Parity*    
1 1.000a 50 0.000±0.000ns 
2 0.963 51 -0.038±0.185ns 
3 0.951 57 0.098±0.211* 
4 0.405 59 0.340±0.213* 
5 0.104 60 0.681±0.268* 

6 and above 0.011 63 0.011±0.357* 
Birth weight*    

1 – 3 kgs 1.000a 49 0.000±0.000ns 
3 – 4kgs 0.400 55 -0.915±0.159ns 

> 4Kgs 0.174 62 -1.751±0.249* 
Heterosis*    

0 1.000a 61 0.2727±0.209 ns 
0.25 27.524 50 3.345±0.000* 

0.375 0.010 60 -2.875±0.822 ns 
0.5 0.051 59 -1.246±0.430* 

0.75 0.004 49 -5.701±0.456 ns 
1 0.000 65 0.000±0.000 ns 

Recombination*    
0 1.000a 49 0.000±0.000 ns 

0.1875 0.014 62 -1.547±0.146* 
0.2 23.711 51 2.312±0.000* 

0.375 0.010 63 -6.430±0.000* 
0.5 0.007 57 -0.411±0.340 ns 

Disposal reason*    
Died - Accident 0.862 65 -0.147±0.248ns 

Died - General weakness 2.972 42 1.089±0.209* 
Died - Other diseases 1.000a 45 0.000±0.000ns 

Died - Pneumonia 0.435 60 -0.832±0.319* 
Died - Predation 0.569 59 1.273±00.287* 

Died - Unknown cause 3.573 57 0.121±0.374* 
Died - Drought 1.129 62 -2.589±0.237ns 

Culled 0.075 88 0.000±0.000 ns 
Breed code: DDDD - pure dorper, DDDR - 75%Dorper-25%RedMaasai, DDRR - 50%Dorper-50% Red 
Maasai (F1), RRRR - pure Red Maasai ρ – Weibull parameter estimate, SE = Standard Error, * - significant at 
P<0.05, ns – Not significant, a – Reference level 
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Factors affecting lamb survival from weaning to yearling 
 
All the fixed effects studied, except parity, significantly (P<0.05) affected the survival of the 

lambs from weaning to yearling age (Table 3). The pure Dorper lambs the highest risk of dying 

among all breeds while between the crosses, the DDDR had a higher risk of dying compared 

to the F1. Lambs that were born during the long dry seasons had significantly (P<0.05) higher 

likelihood of dying compared to those born during the other seasons. Single born and female 

lambs had a significantly (P<0.05) lower risk of dying compared to lambs born as twins and 

male lambs. The birth weight of the lambs also significantly (P<0.05) affected their survival, 

with lighter lambs (1 – 3kgs) having a higher risk of dying before yearling compared to lambs 

that were heavier (>3kgs) at birth. The risk of death declined as the heterosis and 

recombination in the animal increased past 0.375. Lambs had the highest risk of dying (12.99) 

from general weakness which can be due to poor body condition caused by poor nutrition. 

Other diseases such as enterotoxemia, black quarter, blue tongue and sheep pox had the third 

highest risk ratio of 6.006.   
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Table 3 Factors affecZng lamb survival from weaning to yearling and their risk raZo, mean 

age at failure (days) and Weibull parameter esZmate (ρ)± Standard Error  

Effect and class Risk ratio Mean age at failure (days) ρ ± SE 
Breed *    

DDDD 0.476 319 -0.953±0.734* 
DDDR 1.000a 327 0.000±0.000* 
DDRR 0.581 333 -0.542±0.080* 
RRRR 0.385 343 -0.742±0.101ns 

Season of birth*    
Long wet 1.000a 335 0.000±0.000 ns 

Short wet 1.139 332 0.129±0.116* 
Long dry 2.166 320 0.773±0.131* 

Short dry 1.051 329 0.049±0.132* 
Type of birth*    

Single 1.000a 332 0.000±0.000 ns 
Twin 1.851 339 0.161±0.206* 

Sex*    
Male 1.000a 322 0.000±0.000 ns 

Female 0.272 339 -1.301±0.075* 
Birth weight*    

1 – 3 kgs 1.289 321 0.253±0.107* 
3 – 4kgs 1.000a 334 0.000±0.000 ns 

> 4Kgs 0.873 333 -0.136±0.104* 
Heterosis*    

0 1.000a 329 0.000±0.000 ns 
0.25 26.434 331 3.599±0.000* 

0.375 0.007 345 -4.973±90.848 ns 
0.5 0.037 332 -3.299±0.180* 

0.75 0.001 353 -6.967±90.846 ns 
1 0.000 325 -9.996±90.848 ns 

Recombination*    
0 1.000a 328 0.000±0.000 ns 

0.1875 0.029 333 -3.511±0.156* 
0.2 19.834 328 2.323±0.000* 

0.375 0.005 345 -4.219±0.000* 
0.5 0.001 344 -3.425±90.837 ns 

Disposal reason*    
Died - Accident 5.848 263 1.679±0.132* 

Died - General weakness 12.992 173 2.808±0.121* 
Died - Other diseases 6.006 268 1.856±0.165* 

Died - Pneumonia 2.073 321 0.567±0.129* 
Died - Predation 5.616 276 1.523±0.145* 

Died - Unknown cause 6.486 181 2.434±0.450* 
Died - Drought 2.886 256 1.534±0.345* 

Culled 1.000a 344 0.000±0.000 ns 
Breed code: DDDD - pure dorper, DDDR - 75%Dorper-25%RedMaasai, DDRR - 50%Dorper-50% 
Red Maasai (F1), RRRR - pure Red Maasai ρ – Weibull parameter estimate, SE = Standard Error, * 
- significant at P<0.05, ns – Not significant, a – Reference level 

 

Differences in the relative survival pre-weaning and post-weaning to 365 days for the breeds 

in the population are illustrated as Kaplan-Meier survivor curves (Figure 1). Losses of lambs of 

all breed types typically began when they were one month old. Overall, the pre- and post-

weaning survival rate for the Red Maasai was the best and that of the Dorper was the worst 

among the breeds studied. 
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Figure 1 Pre-weaning and post-weaning Kaplan – Maier survivor curves for lambs of different breeds 
(DDDD- pure dorper, DDDR – 75%Dorper-25%Red Maasai, DDRR – 50%Dorper-50%Red Maasai, RRRR 
– pure Red Maasai) 

3.3.2 Ewe longevity 

Longevity patterns 
 
Summary statistics on the longevity of ewes of the different breed types are presented in 

Table 4. The pure Red Maasai ewes had the lowest culling rate (43%) and were generally culled 

when they were older animals. This was reflected as their high average age at failure. The pure 

Dorper ewes had the highest culling rate (67%) and the lowest average age at failure. Among 

the crossbreds, the F1 ewes had a longer productive life within the flock compared to the 

DDDR ewes.  Overall, 46% of the records on ewes were censored as these animals were alive 

and in good condition at 2190 days of age. 

 
Table 4 Summary of staZsZcs of ewe longevity from first lambing to culling at 2,190 days 

 DDDD DDDR DDRR RRRR Overall 

Total number of records 387 528 613 475 2003 

Censored records 126 193 323 271 913 

Uncensored records 261 335 290 204 1090 

Average failure time (days) 1295 1466 1534 1587 1478 

Culling rate 67% 63% 47% 43% 54% 

Breed code: DDDD - pure dorper, DDDR - 75%Dorper-25%RedMaasai, DDRR - 
50%Dorper-50% Red Maasai (F1), RRRR - pure Red Maasai 

 
The Kaplan-Maier survival curves showed that up to 1325 days, the F1 ewes had better 

survival, however their survival rate subsequently declined (Figure 2). After 1,645 days, the 

pure Red Maasai ewes had a better survival rate than the other breeds up to the end of their 
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productive life at 2,190 days. Notably, the pure Dorper had the lowest survival rate from their 

first lambing to the end of their productive life. 

 

 
Figure 2 Kaplan – Maier survivor curves of ewes from first lambing to culling for the different breeds 
(DDDD- pure dorper, DDDR – 75%Dorper-25%Red Maasai, DDRR – 50%Dorper-50%Red Maasai, RRRR 
– pure Red Maasai) 

Factors affecting ewe longevity  

The factors that affected the ewe’s longevity are presented in Table 5. The type of birth and 

season of birth of the ewe did not significantly (P>0.05) affect the ewe’s longevity within the 

flock. The breed significantly (P<0.05) affected the ewes’ longevity with the DDDR having a 

highest risk of being culled compared to the pure Red Maasai ewes’. Age at first lambing 

significantly (P<0.05) affected the ewes’ longevity with ewes having a higher age at first 

lambing (>975 days) having the lowest risk of being culled while those that lambed early for 

the first time (<615 days) having the highest risk of being culled. The parity of the ewe 

significantly (P<0.05) affected the ewe’s longevity with older ewes being less likely to be culled 

than younger ewes. Ewes that were heavier at birth (>4kgs) had a higher risk of being culled 

than ewes that were lighter at birth (1-3kgs). 
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Table 5 Factors affecZng ewe longevity and their risk raZo, mean culling age (days) and 
Weibull parameter esZmate (ρ)± Standard Error  

Effect and class Risk ratio Mean culling age (days) ρ ± SE 
Breed *    

DDDD 1.232 1823 0.049±0.941ns 
DDDR 1.293 1932 0.105±0.085 ns 
DDRR 1.182 2158 0.000±0.000 ns 

           RRRR 1.000a 2190 -0.201±0.094* 
Age at first lambing*    

<615 days 1.579 1796 0.456±0.100* 
615 – 795 days 1.333 2058 0.287±0.101* 
795 – 975 days 1.000a 2110 0.000±0.000 ns 
>975 days 0.726 2128 -0.3208±0.119* 

Parity*    
1 1.000a 1151 0.000±0.000 ns 
2 1.390 1566 0.329±0.078* 
3 0.728 1901 -0.317±0.100* 
4 0.240 2056 -1.427±0.155* 
5 0.009 2079 -4.748±1.005* 

Birth weight*    
1 – 3 kgs 1.172 2086 0.155±0.077* 
3 – 4kgs 1.000a 2058 0.000±0.000 ns 
> 4Kgs 1.229 1896 0.206±0.084* 

Breed code: DDDD - pure dorper, DDDR - 75%Dorper-25%RedMaasai, DDRR - 50%Dorper-50% Red Maasai 
(F1), RRRR - pure Red Maasai ρ – Weibull parameter estimate, SE = Standard Error, * - significant at P<0.05, ns – 
Not significant, a – Reference level 

3.3.3 Genetic parameters and genetic trends for lamb survival  

The gene�c parameters for lamb survival from birth to weaning and weaning to yearling are 

presented in Table 6. The pre-weaning heritability es�mates were higher than the post-

weaning heritability es�mates. The pre-weaning heritability es�mates ranged from 0.10±0.05 

in the DDDR breed combina�on to  0.14±0.05 in the pure Red Maasai breed. The maternal 

heritability could not be es�mated with the current data. 

Table 6 GeneZc variance and heritability esZmates ± standard error for lamb survival from 

birth to yearling by breed 

  Breed 

Trait Parameter DDDD DDDR DDRR RRRR 

Birth to weaning Gene^c variance ( 𝜎)*) 0.78±0.21 0.89±0.43 3.46 ±0.22 5.59±0.24 

Heritability (ℎ*) 0.12± 0.03 0.10±0.05 0.11±0.03 0.14±0.05 

Weaning to yearling Gene^c variance ( 𝜎)*) 0.22±0.45 0.17±0.75 0.02 ±0.42 1.99±0.47 

Heritability (ℎ*) 0.05±0.01 0.03±0.05 0.01±0.03 0.05±0.01 

Breed code: DDDD - pure dorper, DDDR - 75%Dorper-25%RedMaasai, DDRR - 50%Dorper-50% Red Maasai (F1), RRRR - 
pure Red Maasai 

 

The genetic trends for pre-weaning survival for the different breeds are shown in Figure 3. 

The EBVs were high before 2008 then depicted a generally more stable trend from 2009 to 
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2022. The  Red Maasai had the highest genetic gain for pre-weaning survival of -0.026. The 

genetic gain realized in the 75% Dorper-25% Red Maasai (DDDR), F1 (DDRR) and pure Dorper 

(DDDD) breeds were -0.018, -0.011 and -0.012 respectively. 

 

 
Figure 3 GeneZc trends for pre-weaning lamb survival from 2003 to 2022 of different breeds 
(DDDD- pure dorper, DDDR – 75%Dorper-25%Red Maasai, DDRR – 50%Dorper-50%Red 
Maasai, RRRR – pure Red Maasai) 

3.4 Discussion 

3.4.1 Factors affecting survival of lambs to yearling 

Environmental factors 

The fixed factors significantly affecting pre-weaning mortality were similar to those affecting 

post-weaning mortality to yearling age, except for parity and sex. The pre-weaning mortality 

rates were consistent with those estimated by other researchers  (Gowane et al., 2018; Vostrý 

and Milerski, 2013). Though the risk ratios for the fixed factors followed a similar pattern for 

pre- and post-weaning mortality, the level of risk differed within a given factor with pre-

weaning risk ratios being generally lower than the post-weaning risk ratios. Pre-weaning 

mortality is highly dependent on mothering ability, while post-weaning mortality is more 

dependent on environmental factors. The Kaplan-Meier survivor curves also showed a sharp 

decline in survival post-weaning (Figure 1). The ability of an ewe to give birth to live lambs 

without complications, provide adequate colostrum and milk supply and a good mothering 

ability highly influence pre-weaning lamb survival (Brien et al., 2014). The sex of the lamb was 

not a significant factor affecting pre-weaning mortality, but it significantly affected post-
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weaning mortality with males being three times more likely to leave the flock than females. 

Post-weaning, surplus young males not identified as potential breeding rams in the flock are 

culled and either sold to other farmers for breeding or to slaughterhouses for meat while 

female lambs are retained as replacement stock. Females lambs are important for the 

continuity and growth of sheep flocks. In other studies, the higher risk of death of male lambs 

compared to female lambs has been attributed to starvation mismothering exposure complex, 

respiratory and endoparasitic ailments, higher metabolic rates and farmers preference 

towards female lambs hence greater care in management (Bahri Binabaj et al., 2013; Besufkad 

et al., 2024; Mandal et al., 2007; Mukasa-Mugerwa et al., 2000; Tibbo, 2006). In this study 

population, any lambs that were observed to have a mismothering exposure complex were 

either bottle-fed or bonded with a foster mother until weaning. Therefore, deaths due to a 

breakdown of lamb-ewe bond were not reported in this population. 

The season in which lambs were born had a significant effect on lamb survival pre- and post-

weaning. Lambs that were born during the dry seasons had a higher risk of dying than those 

born during the wet seasons.  Results reflecting differences in the survival of lambs depending 

on the seasons in which they are born have been reported for animals raised under farming 

systems of Ethiopia (Abdelqader et al., 2017; Besufkad et al., 2024). In this study area, the 

natural pastures used for grazing sheep vary in quality and quantity with the rainfall patterns. 

During the wet seasons, the quality and quantity of pasture is good and therefore the ewes 

have sufficient feed to support milk production which in turn helps the lamb survive better. 

To reduce the risk of death for lambs born during dry seasons the rearing practices ought to 

be improved through appropriate supplementation and animal health practices (Mukasa-

Mugerwa et al., 2000; Sawalha et al., 2007).  

In studies on indigenous sheep production under semi-intensive production systems of 

Ethiopia, lambs born as single, female and with average to high birth weights (2-4kgs) are 

reported to survive better than those born as twins, male and with very low birth weights 

(<2kgs) (Abdelqader et al., 2017; Besufkad et al., 2024; Hossein-Zadeh et al., 2018; Tesema et 

al., 2020). Twin lambs within this study population were found to have significantly lower birth 

weights than those born as single (Oyieng et al., 2022). Low birth weight of lambs reduced the 

risk of survival as also reported in other studies (Besufkad et al., 2024; Tesema et al., 2020). 

Additionally, twin lambs compete for mother care and milk which is vital for their survival.  

The parity in which the lambs were born in did not significantly affect the lamb survival post-

weaning but significantly affected lamb survival pre-weaning. This observation was also 

reported in Lori-Bakhtiari sheep in Iran (Vatankhah and Talebi, 2009) and Menz and Awassi 
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sheep in Ethiopia (Getachew at al., 2015). The risk of lambs dying pre-weaning was higher for 

lambs born by ewes in their first parity than lambs born by older ewes i.e. 3rd parity and above, 

as were observed in similar studies (Bahri Binabaj et al., 2013; Besufkad et al., 2024; Sawalha 

et al., 2007). Ewes that have a lower age at first lambing (<365 days) tend to face challenges 

such as lower survival rates for their lambs due to inexperience (Keady and Hanrahan, 2022). 

Better management of first-time mothers can therefore contribute to better survival of lambs. 

 

Genetic factors 

The Kaplan-Meier curves showed that the survival trend of lambs from birth to yearling for 

the Red Maasai and F1 lambs was relatively smooth post-weaning (after 90 days) while the 

pure Dorper showed a steep decline. Though good mothering ability can affect the survival of 

lambs pre-weaning, the low heritability of this trait means that gains through selection are 

likely to be slow (Hinch and Brien, 2014). With the low heritability, better management 

practices especially at birth, ensuring a good body condition of the ewe through the pregnancy 

and at lambing can improve the survival rate of the lambs (Hatcher et al., 2010). The pre-

yearling survival patterns shown in this study are an indication of the Red Maasai ewes having 

a better mothering ability than the other breeds, and the Red Maasai lambs being better 

adapted to the environment.  

Between the crosses, the F1 lambs (DDRR) had better survival rates than the DDDR lambs. The 

crossbred lambs (DDDR and DDRR) performed better than pure bred Dorpers exhibiting better 

adaptability to the environment compared to pure Dorpers. The breed composition of the 

lambs had a significant effect on their risk of dying pre- and post-weaning. The lower mortality 

rate of Red Maasai sheep compared to the other breeds is an indication of the adaptability of 

the breed to the environment compared to other breeds studied. Higher mortality rates in the 

Red Maasai (20 - 28%) have been reported under experiments that were testing for resistance 

to Haemonchus contortus in sub-humid environments  (Baker et al., 2004; Mugambi et al., 

2005; Mwamachi et al., 1995). The mortality rates for the Dorper lambs reported here were 

in the same range as those reported by Tesema et al., 2020 but lower than those reported by 

Besufkad et al., 2024 under a semi-intensive management system. The study also observed 

that the higher the levels of heterosis and recombination within the animal, the less likelihood 

of the animal dying before yearling. The F1 cross (DDRR) had the highest heterosis and this 

corroborates with the lower mortality rates compared to the DDDR combination. Other 

studies measuring the effect of heterosis on different traits in sheep crosses have found that 
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the F1 always perform better than other cross combinations (Donald et al., 1963; Freking and 

Leymaster, 2004; Hielscher et al., 2006).  

The pre-weaning heritability estimates were higher than the post-weaning heritability 

estimates which has been observed in several lamb survival studies (Besufkad et al., 2024; 

Brien et al., 2014). This implies that the survival of lambs pre-weaning is more dependent on 

genetic factors while post-weaning survival is more dependent on environmental factors 

rather than genetic factors. The heritability estimates for the Dorper breed in this study were 

lower than that obtained for the same breed in another study by Besufkad et al., 2024. 

However, the environment and management systems were different with the high heritability 

estimates being obtained in a highland environment under a semi-intensive management 

system while the low heritability estimate obtained in this study was in a semi-arid 

environment under an extensive management system. Therefore, direct selection for this trait 

in the Dorper breed under a semi-arid and extensive management system would achieve very 

little genetic progress but with very high selection intensity and the existence of high 

variability, selection can still be effective for traits with low heritability estimates (Boettcher, 

2005). On the contrary, the heritability estimates for the pure Red Maasai was moderate 

enabling direct selection. A study by (Nel et al., 2021) achieved some desirable economic and 

welfare outcomes through direct selection of lamb survival in Merino sheep. The authors 

could not find similar studies for the Red Maasai sheep, and it’s crosses for comparing genetic 

parameters for lamb survival. The low to moderate heritability estimates obtained for the 

crosses in this study  can be attributed to the composite nature of lamb survival trait (Hossein-

Zadeh et al., 2018). Low to moderate heritability estimates for lamb survival have also been 

reported in other studies (Hatcher et al., 2010; Vatankhah and Talebi, 2009). The genetic 

trends shown in Figure 3 and gain show a gradual genetic improvement in pre-weaning lamb 

survival across all breeds. Though the Red Maasai lambs had the poorest pre-weaning survival 

genetic trend at the beginning of the breeding program, they had the highest genetic gain 

during the study period compared to the other breeds. This can be attributed to its better 

adaptability to the environment.  

3.4.2 Longevity of ewes 

The different ewe breeds in this study showed deferential survival rates from age at first 

lambing to culling at 2,190 days. Though the pure Red Maasai ewes had an overall lower 

culling rate, the F1 (DDRR) performed better during the first 1,645 days of their productive life 

compared to all the breeds.  Crossbred ewes had a better longevity than purebred ewes as 

observed in a study by (Annett et al., 2011). Generally, the crossbred ewes (F1 and DDDR) had 
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better or similar longevity patterns during the first 3 to 4 years of their productive life 

compared to pure Red Maasai ewes. Overall, Red Maasai ewes showed better survival rates 

to the end of their productive life. 

Ewe longevity was negatively correlated with the age at first lambing. Hoggets that were 

mated earlier, and therefore had a lower age at first lambing, had a higher risk of being culled 

from the flock compared to those that had a higher age at first lambing. A similar pattern in 

risk for culling was reported for  Awassi and Nadji ewes reared in a semi-arid environment 

(Abdelqader et al., 2012). Therefore, early mating of hoggets under arid and semi-arid 

conditions could have a negative impact on the longevity of the ewes. Younger ewes tend to 

have poor mothering ability and early pregnancy has been noted to have negative impacts on 

an ewe’s body condition and overall performance (Abdelqader et al., 2012). In this study 

population, hoggets are mated at around 9 months old which results into higher age at first 

lambing (> 400 days).  

In this study, ewes in their first or second lambing undergo strict culling procedures compared 

to ewes that have more than two lambings hence the high risk ratio for younger ewes. Ewes 

with more parties have proven their reproductive potential and therefore stay longer in the 

flock until they are culled due to old age. This contributes to increasing the overall 

performance of the flock. A similar pattern in risk for culling by parity was reported for  Awassi 

and Nadji ewes reared in a semi-arid environment (Abdelqader et al., 2012). Ewes that were 

very light (less than 1 standard deviation from the mean) or very heavy (more than 1 standard 

deviation from the mean) at birth were more likely to be culled than those that were within 

the average birth weight range. Various studies (Aktaş et al., 2015; Gaskins et al., 2005; Haslin 

et al., 2021) have shown that ewe’s weight affects their reproductive performance with 

heavier than average ewes tending to have low fertility rates. Low fertility rates is one of the 

criteria used for culling ewes and consequently ewes with low fertility rates have reduced 

longevity within the flock. The birth weight of the ewe can therefore be used as an indirect 

indication of its longevity in a flock. An ewes’ birth weight not more than one standard 

deviation below or above the average birth weight of the population is ideal for optimal 

reproductive performance and eventually better longevity. 

3.5 Conclusion 
 
Genetic and non-genetic factors influencing lamb survival pre- and post-weaning, and ewe 

longevity need to be understood and integrated in breeding programs to improve animal 

productivity in the arid and semi-arid lands. Genetic factors such as pre-weaning heritability 

estimates can be used for direct selection to improve lamb survival. Non-genetic factors such 
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as season of birth, birth weights, type of birth, sex of the lambs should be considered in the 

management practices to improve overall welfare and eventually the survival of the lambs to 

yearling. Management practices should prevent ewes from being mated at a very early age,  

select against ewes producing lambs with very low (<3kgs) or high (>4kgs) birth weights to 

improve the productive life of ewes. In a crossbreeding program between indigenous and 

exotic breeds, the breed proportion in the crosses should be considered since it affects the 

lamb survival pre- and post-weaning, and ewe longevity. For sustainability and to increase the 

overall performance of the flock, factors affecting lamb survival and ewe longevity should be 

considered in the daily management of the flock.  
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Abstract 
 
Sheep production in Arid and Semi-Arid lands face immense heat stress with the changing 

climate. This study assessed the effect of heat stress on growth and developed resilience 

phenotypes of sheep raised in a semi-arid environment. Heat stress was measured by 

Temperature-Humidity Index (THI). Live body weight records of 4,078 animals, belonging to 

pure Red Maasai (RRRR), pure Dorper (DDDD), and their crosses: 50%Dorper-50%RedMaasai 

(DDRR) and 75%Dorper-25%Red Maasai (DDDR) collected between 2003 and 2024 were 

analysed. Random regression models fitted with reaction norm functions were used to 

develop two resilience phenotypes: Response and Stability, at THI 70 and THI 85 representing 

varying heat stress. Animal mixed models were used to estimate genetic parameters. The THI 

breakpoints were 78.75, 78.71, 78.42 and 77.93 with a decline rate of 0.06 Kgs, 0.09 Kgs, 0.05 

Kgs and 0.15  in live weight gain per unit change in THI for RRRR, DDDD, DDRR and DDDR 

respectively. The breed, sex, type of birth, dams’ parity and season of birth significantly 

(P<0.05) affected the stability of growth at low and high heat stress. The heritability estimates 

of resilience traits ranged from 0.12 to 0.16. Genetic correlations of resilience phenotypes at 

THI 85 with pre-weaning live weight gain were antagonistic and significant (P<0.05). With the 

changing climate, resilience phenotypes should be included in selection programs for sheep 

in the Arid and Semi-Arid lands for robust growth. 

 

Key words: Climate change, Growth, Reaction norms, Resilience , Sheep 

 
4.1 Introduction 
 

Arid and Semi-Arid Lands cover about 25% of the world’s land mass and are home to 

approximately one billion people (Günter et al., 2009). They are a key feature of sub-Saharan 

Africa (SSA) covering approximately 43% of the land area which is estimated to host a quarter 

the world’s cattle, sheep, and goats (FAO, 2021). In countries like Kenya, the Arid and Semi-

Arid Lands cover nearly 80% of the country’s land mass, are home to nearly 30% of its 

population and hosts approximately 70% of the national livestock herd (KNBS, 2019). Arid and 

Semi-Arid Lands are characterized by their aridity, consistently high temperatures and low 

rainfall throughout the year. Due to their tendency to experience drought, the Arid and Semi-

Arid Lands  are highly susceptible to climate-related disturbances hence the livestock 

production systems in these areas are more sensitive to the changes in climate patterns 

(Serrano et al., 2021, 2022; King et al., 2017).  
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Livestock production in Arid and Semi-Arid Lands  is a key source of livelihood and an 

important source of nutrient requirements for households (Ojango et al., 2016). The main 

livestock kept in the Arid and Semi-Arid Lands  are cattle and small ruminants i.e. sheep and 

goats. Of the small ruminants, sheep have greater socio-cultural importance compared to 

goats (Oyieng et al., 2021). Approximately 67% of the sheep population in the Arid and Semi-

Arid Lands  are indigenous sheep breeds (FAO, 2021) which are expected to survive, produce 

and reproduce, i.e. be ‘resilient’ or ‘robust’, with little assistance from human intervention 

despite the increasing ambient temperatures and changing humidity. Heat stress on sheep 

flocks in the Arid and Semi-Arid Lands  is a key focus for environmental adaptation and will 

likely be of greater concern with the effects expected from climate change (Rust and Rust, 

2013). The estimated increase in heat stress, due to high ambient temperature and humidity, 

on livestock is expected to negatively affect health, productive and reproductive performance 

and therefore the overall economical outcome of livestock (Rojas-Downing et al., 2017; Gauly 

et al., 2013).  

Heat stress in livestock production arises when animals cannot dissipate heat 

effectively, impairing growth, reproduction, and yield. Heat stress can be measured using 

either thermal parameters such as temperature, humidity, wind speed and solar radiation or 

animal responses such as sweating rate, heart rate, respiration rate and rectal temperature 

(Ji et al., 2020). Thermal parameters such as temperature and humidity have been widely used 

as a Temperature-Humidity Index (THI) in the quantification of heat stress thresholds 

associated with the various aspects of animal production (Polsky and von Keyserlingk, 2017; 

Gantner et al., 2011). In cattle, high THI (>70) has been shown to cause drop in milk yield (Oloo 

et al., 2024), declining reproduction (Dash et al., 2016) and increasing disease risk (Gujar et 

al., 2023; Nardone et al., 2010). Heat stress has been found to lower body weight (Goo et al., 

2019), decrease fertility, egg production and egg quality (Oluwagbenga et al., 2022; Mehaisen 

et al., 2019) and weaken the immunity (Hirakawa et al., 2020) in poultry. 

With increasing climate change and the negative effects of heat stress on livestock, it 

is important to breed animals that are resilient. Resilience can be defined as  “the capacity of 

the animal to be minimally affected by disturbances or to rapidly return to the state pertained 

before exposure to a disturbance” (Berghof et al., 2019). To identify resilient animals for a 

particular trait, relevant indicators for resilience must be defined. Many studies that focus on 

resilience are based on experimental set-ups to identify underlying physiological mechanisms, 

yet these mechanisms heavily rely on the type of disturbance, are frequently selected 

according to the study's focus and may describe a phenotype overly tied to the specific 
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disturbance under investigation (Colditz and Hine, 2016). Production traits that have repeated 

measures on an individual animal such as growth and reproduction traits provide an 

opportunity for more accurate estimation of resilience indicators and their variance 

components. Resilience can be expressed as the phenotypic response of animal performance 

to a changing environment using reaction norm functions (Berghof et al., 2019). Reaction 

norms have been used to quantify resilience and develop novel resilience phenotypes for milk 

production in cattle in SSA (Oloo et al., 2024), dairy sheep in the Mediterranean (Tsartsianidou 

et al., 2021) and meat sheep in sheep in Scotland (Sánchez-Molano et al., 2020). The slope of 

the reaction norm indicates the performance of the animal due to environmental changes 

(Berghof et al., 2019). Animals with a slope of zero are considered to be more resilient to the 

environment since their performance is not affected by the changes in weather while animals 

with a slope that  greater than or less than zero reflect genotype by environment interaction 

(Oloo et al., 2024; Tsartsianidou et al., 2021). The slope of individual animal reaction norms 

can therefore be used to develop resilience phenotypes. These resilience phenotypes can 

further be analysed to produce breeding values and genetic parameters for selective 

breeding.   

Studies on the effects of heat stress on growth in small ruminants in Arid and Semi-

Arid Lands  are rare as most studies focus on dairy goats or sheep in temperate environments. 

Information on the genetic components of heat tolerance for growth in sheep raised in Arid 

and Semi-Arid Lands  is thus scarce. Using reaction norms, this study aimed to (i) assess the 

impact of heat stress on the growth of the Red Maasai, Dorper sheep, and their crosses, (ii) 

Develop novel resilience phenotypes for growth in response to the level of heat stress, and 

(iii) estimate genetic parameters for the novel resilience phenotypes.  

 
4.2 Material and Methods 

4.2.1 Study area and animal management 

The study is part of a sheep selective breeding program by the International Livestock 

Research Institute (ILRI) that has been operational since 2003 at the Kapiti Research Station 

and Wildlife Conservancy in Machakos County, Kenya. The conservancy is located between 

1,650 and 1,900 meters above sea level, at -1.6 latitude and 37.1 longitude. The area is 

characterized as semi-arid covered with grasses and shrubs and receives an average annual 

rainfall of approximately 552 mm with temperatures ranging from 22 to 27 °C. It experiences 

four distinct seasons: short-dry (January and February), long-wet (March to May), long-dry 

(June to September), and short-wet (October to December). For this analysis, the long and 
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short dry seasons have been grouped as dry seasons while the short and long wet seasons 

have been grouped as wet seasons.  

The main breed groups in the sheep breeding program comprise pure Red Maasai (RRRR), 

pure Dorper (DDDD), the F1:50%Dorper-50%Red Maasai (DDRR) and the 75%Dorper-25%Red 

Maasai (DDDR). The Red Maasai sheep is a fat-tailed hair breed that is indigenous to East 

Africa. The breed demonstrates innate resistance to Haemonchus contortus (Mugambi et al., 

2005; Baker et al., 2004) and can grow and reproduce regularly despite drastic changes in the 

climatic conditions of the rangelands (Oyieng et al., 2022, 2025). The Dorper is a composite 

breed developed in South Africa through crossbreeding the Blackhead Persian with the Dorset 

Horn. It is well defined as a hardy mutton sheep with a top-quality carcass at a relatively early 

age (Milne, 2000). It’s performance traits have been reviewed by Ojango et al., (2023).  The 

main objective of the breeding program is to selectively improve the growth and reproduction 

traits of the indigenous Red Maasai sheep while conserving them in situ. The crossbreeding 

component of the breeding program aims to combine the faster growth rate and mutton-

producing ability of the Dorper breed and the resilience of the Red Maasai breed to gastro-

intestinal parasites.  

In the breeding program, mating is done in April and October every year. The breeding rams 

are identified based on estimated breeding values for growth and fertility traits ensuring the 

best pure-bred lines are retained while at the same time producing crossbreds for both 

breeding and marketing. Water is provided ad libitum for all the animals when in the pens at 

night, and before setting out for grazing. When animals are grazing in the open fields, water 

is provided twice in the day. Scheduled vaccinations against anthrax, enterotoxaemia, and 

foot and mouth disease are provided annually, bi-annually, and every 5 months, respectively. 

Anthelmintic treatment is given to animals before and after the rainy season based on their 

age and body condition. More details on the management have been described by Oyieng et 

al., (2022). 

 

4.2.2 Animal and weather data 

12,234 live body weight records of 4,078 animals, belonging to the four breed groups, 

collected from 2003 to 2024 were available for analysis. Three live body weights are recorded 

on each animal at the following stages of growth: birth weight, recorded on each lamb within 

24 hours of birth; weaning weight, recorded at three months of age and nine months weight. 

In this analysis, the weaning and nine months weight weights were corrected to 90 and 270 

days respectively. For each animal, live weight gain between birth and weaning weight (LWG1), 
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and between weaning and nine months weight (LWG2) was used to estimate the resilience 

phenotypes for growth.  

Weather data including average daily temperature and relative humidity was 

obtained from the NASA POWER (National Aeronautics and Space Administration (NASA) 

Langley Research Center (LaRC) Prediction of Worldwide Energy Resource (POWER) Project 

funded through the NASA Earth Science/Applied Science Program based on the GPS 

coordinates of the farm (https://power.larc.nasa.gov) 

4.2.3 Temperature-Humidity index (THI) 

The Temperature-Humidity Index (THI) is commonly used as a measure of heat load 

experienced by animals. The THI was calculated using Equation [1] as proposed by the 

National Research Council (NRC, 1971) and recommended by Srivastava et al., (2021) for the 

measure of heat stress in small ruminants in semi-arid regions. 

  

𝑇𝐻𝐼	 = 	𝑇 − (1.8	 ∗ 	𝑇 + 32) − [(0.55 − 0.0055 ∗ 𝑅𝐻)	∗ 	(1.8 ∗ 𝑇 − 	26.8)] Equation [1] 

 

Where 𝑇 and 𝑅𝐻 represent the average daily temperature (°C) and relative humidity 

respectively. To account for possible cumulative effects of temperature and relative humidity, 

each live weight record for each animal was matched to the average THI in the period 

preceding the date the weight was recorded. Therefore, the THI associated with the live 

weight gain between birth and weaning (LGW1) was the average THI between birth and 

corrected weaning time (90 days) and the THI associated with the live weight gain between 

weaning and nine months weight (LWG2) was the average THI between the corrected weaning 

time and corrected nine months (180 days).  

A segmented regression of THI against live weight gain was plotted in R (R Core Team, 

2021) to determine the THI threshold or breakpoint with respect to live weight gain in the 

studied breeds. The segmented regression splits the explanatory variable into two or more 

linear regressions and locates the point of change in the linear trend of THI which is considered 

as the breakpoint. The right of the THI breakpoint indicates the point at which animals start 

feeling heat stress (Pinto et al., 2020; Kumar et al., 2018). The existence of breakpoint was 

tested statistically at P<0.05 by testing the difference between regression coefficients of linear 

regression lines. 
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4.2.4 Factors of variation on live weight gain 

A fixed effect linear model, Equation [2], was fitted to determine the effect of the 

fixed factors on the live weight gain. The equation was fitted separately for  LWG1 and LWG2. 

 

𝑌)34567 	= 	𝜇	 +	𝑏𝑟𝑑) 	+ 	𝑠𝑜𝑏3 	+ 	𝑦𝑠𝑜𝑏4 	+ 	𝑠𝑒𝑥5 	+ 	𝑝𝑟6 	+ 	𝑡ℎ𝑖7 +	𝑒)345678       Equation [2] 

 

Where 𝑌)34567 is the vector for individual live weight gain measurement for nth animal, 𝜇 is 

the population mean, 𝑏𝑟𝑑)  is the effect of the ith breed group  (4 breed groups),	𝑠𝑜𝑏4 	is the 

effect of the kth season of birth (2 seasons),   𝑦𝑠𝑜𝑏3  is the effect of the jth interaction between 

year of birth and season of birth year (44 classes), 𝑠𝑒𝑥5 	is the effect of the sex of the lamb (2 

classes),  𝑝𝑟6	is the parity in which the lamb was born (6 classes), 𝑡ℎ𝑖7 is the level of THI (3 

classes) and 𝑒)345678  is the residual error. Least-square means (LSM) of the fixed effects were 

calculated and contrasted using Tukey HSD to determine significant differences (P<0.05) 

between the classes in each fixed effect. 

4.2.5 Derivation of resilience phenotypes 

To derive resilience phenotypes reflecting changes in growth in response to weather 

variability, a random regression model (Equation [3]) fitted with reaction norm functions were 

fitted without pedigree information 

 

𝑌)3 = 𝑋 + 𝑓R𝛽, 𝑋3W +	𝑓)R𝑎) , 𝑋3W +	𝑒)3   Equation [3] 

 

Where 𝑌)3  corresponds to the performance record of animal 𝑖 under THIj, 𝑋 corresponds to a 

set of fixed effects on growth, 𝑓R𝛽, 𝑋3W represents the population reaction norm function 

using a Legendre polynomial of second degree and describing the relationship between the 

average animal performance and weather variable value j, 𝑎)  corresponds to the individual 

animal effect i, 𝑓)R𝑎) , 𝑋3W represents the individual reaction norm function using a Legendre 

polynomial of second degree describing the relationship between individual animal i and THIj 

(expressed as a deviation from the population reaction norm) and 𝑒)3  corresponds to the 

residual. The choice of Legendre polynomial of order 2 was based on a preliminary analysis 

that examined orders 1 to 3 to discover which one gave the best fit using Akaike information 

criterion and likelihood ratio test. The fixed effects fitted were breed, sex, parity of ewe at 

lambs’ birth, birth type, the season the lamb was born and the interaction between the year 

of birth and season of birth which were found to be significant at p<0.05. 
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 Equation [3] was fitted for the full dataset to determine the general shape of growth 

to changing heat loads for the entire population, and for each breed group by dividing the 

data into four subsets for each breed group. The population reaction norms were computed 

using the estimated random regression coefficients. After computation, the resilience 

phenotypes (Slope and absolute slope) were quantified and predicted for each animal at each 

THI levels ranging from 50 to 100. The slope of the animal reaction norm was determined as 

the relative steepness of change in individual animal growth performance due to changes in 

THI. It was the estimate of the first derivative at the threshold THI on the individual’s response 

curve. Two animal resilience phenotypes were derived from the reaction norms: (i) the actual 

slope of the reaction norm which represents the response to changes in weather conditions 

thus indicating directionality of the change in weight gain per unit of THI change and (ii) the 

square-root transformed absolute value of the slope of the reaction norm which represents 

the stability of growth performance in varying heat load conditions. The two resilience 

phenotypes were estimated at no-heat stress and heat stress THI levels. The THI level for no-

heat stress was calculated by subtracting 5 THI units from the lowest THI breakpoint in the 

population while the heat stress THI level was calculated by adding 5 THI units from the 

highest THI breakpoint in the population, rounded off to the nearest whole number.   

4.2.6 Fixed effects factors of variation on resilience phenotypes 

A fixed effect linear model, Equation [4], was fitted to determine the effect of the fixed factors 

on the resilience phenotypes.  

 

𝑌)34567 = 	𝜇 + 𝑏𝑟𝑑) + 𝑡𝑜𝑏3 + 𝑠𝑜𝑏4 + 𝑦𝑠𝑜𝑏5 +	𝑠𝑒𝑥6 +	𝑝𝑟7 +	𝑒)34567		 Equation [4] 

 

Where 𝑌)34567 is the vector for individual resilience indicator measurement for nth animal, 𝜇 

is the population mean, 𝑏𝑟𝑑)  is the effect of the ith breed group (4 breed groups), 𝑡𝑜𝑏3  is the 

effect of the jth type of birth (2 classes), 𝑠𝑜𝑏4 is the effect of the kth season of birth (2 seasons), 

𝑦𝑠𝑜𝑏5  is the effect of ith interaction of year and season of birth (44 classes), 𝑠𝑒𝑥6 is the effect 

of the mth sex of the lamb (2 classes), 𝑝𝑟6 is the parity in which the lamb was born (6 classes) 

and 𝑒)34567 is the residual error. Least-square means (LSM) of the fixed effects were 

calculated and contrasted using Turkey HSD to determine significant differences (P<0.05) 

between the classes in each fixed effect. 
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4.2.7 Genetic parameters of resilience indicators 

Animal mixed models using pedigree information, Equation [5], were used to obtain variance 

components and genetic correlations estimates of the resilience and growth traits using 

ASReml-R 4.1 software (Butler et al., 2018). 

 

𝒚 = 𝑿𝜷 + 𝒁𝒂 + 𝒆 Equation [5] 

 

Where 𝒚 represents the measurement of individual phenotype for the resilience and growth 

trait, 𝜷 is the solutions of the fixed effects in the model; 𝒂 is the solutions of random animal 

additive genetic effects and 𝒆 is the vector of random residual effects. 𝑿 and 𝒁 are the 

incidence matrices relating observations to fixed and random animal effects, respectively. The 

pedigree used to construct the numerator relationship matrix comprised 12,945 animals 

spanning 13 generations, including 233 sires and 3,327 dams. Univariate analyses were 

conducted separately for each trait to estimate the variance components and heritability 

estimates of the trait. Bivariate analyses were then performed to estimate phenotypic and 

genetic correlations between the traits with fixed effects similar to those in the univariate 

analyses. The likelihood ratio test was used to test the significance of the heritability estimates 

based on the comparison of the log-likelihoods of the model with and without the random 

animal genetic effect while the significance of genetic correlations was tested by comparing 

the modelled equation to a bivariate model with additive genetic covariance fixed at zero. 

 
4.3 Results 

4.3.1 Fixed factors affecting growth 

Table 1 presents the summary statistics of the fixed factors and their effect on the growth of 

the sheep. The breed, sex, parity in which the lamb was born (dams’ parity), the season of 

birth, type of birth, and year of birth significantly (P<0.05) affected the live weight gain 

between birth and weaning (LWG1). The parity of the ewe, season of birth of the lamb, and 

type of birth had no significant difference in post-weaning live weight gain (LWG2). The pure 

Dorper breed,  male lambs, lambs born by first-time ewes, lambs born during the dry seasons, 

and those born as single births had significantly (P<0.05) higher LWG1 compared to their 

counterparts. The DDDR breed combination had a significantly (P<0.05)  higher LWG2 among 

all breeds. Based on the THI Threshold of the population of 77, the THI was grouped into 3 

classes (THI < 76;No heat stress, THI 76-78;Normal and THI >78;Heat stress) to evaluate the 

effect of level of heat stress on LWG1 and LWG2 separately. LWG1 was significantly affected 
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(P<0.05) at all  levels of THI while LWG2 was not significantly (P>0.05) affected by THI levels 

above 78. 

 Table 1 Least square means (LSM) and SE (in parentheses) of fixed factors affecZng growth 

 N (animals/records) LWG1(Kgs) LWG2(Kgs) 
Population 4078 12.51 (0.30) 10.25 (0.22) 
Breed    

DDDD 
DDDR 
DDRR 
RRRR 

741 11.91 (0.15)a 10.37 (0.16)a 

1225 11.60 (0.14)a 11.36 (0.15)b 
1259 11.01 (0.14)c 10.66 (0.15)a 

853 9.56 (0.15)d 9.62 (0.16)c 
Sex    

Male 
Female 

1800 11.40 (0.13)a 11.47 (0.13)a 
2278 10.60 (0.12)b 9.50 (0.13)b 

Dams’ parity    
1 
2 
3 
4 
5 
6 and above 

1366 10.80 (0.14)a 10.30 (0.15)a 
1011 11.50 (0.14)b 10.40 (0.15)a 

713 11.40 (0.15)ab 10.50 (0.16)a 
474 11.10 (0.17)ab 10.60 (0.18)a 
262 11.00 (0.21)ab 10.80 (0.23)a 
252 10.40 (0.22)ac 10.30 (0.23)a 

Season of birth    
Wet season 
Dry Season 

2479 11.40 (0.13)a 10.50 (0.15)a 
1599 10.70 (0.14)b 10.65 (0.14)a 

Type of birth    
           Single 3858 12.21 (0.08)a 10.30 (0.08)a 
           Twins 220 9.83 (0.21)b 10.70 (0.22)a 
THI     
      THI <76:No heat stress 1396 12.44 (0.12)a 11.04 (0.18)a 
      THI 76 – 78:Normal 884 13.31 (0.08)b 10.04 (0.06)b 
      THI >78:Heat stress 1798 10.55 (0.12)c 12.05 (0.31)b 
DDDD= pure dorper, DDDR = 75%Dorper-25%Red Maasai, DDRR = 50%Dorper-50%Red Maasai, RRRR = pure Red 
Maasai. LWG1 = Live weight gain between birth and weaning, LWG2= Live weight gain between weaning and 9 
months. THI – Temperature-Humidity Index. a b c : Least square means within a column in a fixed effect that do not 
have a common superscript are significantly different (P < 0.05). 

 

4.3.2 Threshold for heat stress on growth 

Between the year 2003 and 2024, the average monthly THI in the study area ranged 

from 68.14 to 84.89. Generally, the months of February and March had the highest THI across 

the years while the months of April and May had the lowest average THI as illustrated in Figure 

1 . The fluctuation in THI across the months within a year illustrates weather variability in the 

study area within the study period.  
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Figure 1 The average monthly THI  for each year in the study area 

 

The THI breakpoints for the population and breeds were significantly different from 

zero. The population THI breakpoint was 77.60. This represents the threshold for THI on 

growth with  THI lower than the breakpoint indicating no heat stress and THI higher than the 

breakpoint indicating heat stress. The THI breakpoints were 78.75, 78.71, 78.42 and 77.93 

with a decline rate of 0.06 Kgs, 0.09 Kgs, 0.05 Kgs and 0.15  in live weight gain per unit change 

in THI for RRRR, DDDD, DDRR and DDDR respectively. The pure Red Maasai had the highest 

THI breakpoint while the DDRR had the lowest live weight decline rate past its’ THI breakpoint. 

Though the DDDR had the highest live weight gain, it had the lowest THI breakpoint and 

highest live weight decline rate as illustrated in Figure 2.  Overall, there was a general decline 

in growth in both low and high THI past the threshold. 
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Figure 2 ReacZon norms for changes in weight in response to average temperature-humidity 
index for the populaZon and each breed (DDDD= pure dorper, DDDR = 75%Dorper-25%Red 
Maasai, DDRR = 50%Dorper-50%Red Maasai, RRRR = pure Red Maasai) 

4.3.3 Resilience phenotypes 

Using the THI breakpoint range for the breed groups (77.92 to 78.75), two resilience 

phenotypes were chosen to indicate changes in live weight gain at no heat stress (Response A 

at THI 70) and changes in live weight gain with heat stress (Response B at THI 85) at the 

population level. The values of the Response phenotype indicate the unit change in live weight 

gain for each unit change in THI. The corresponding measure of how stable the animal growth 

was under heat stress and no heat stress were Stability A for Response A and Stability B for 

Response B.  

All fixed effects studied significantly (P<0.05) affected the stability in live weight gain 

under heat stress and under no heat stress, however the dam’s parity did not significantly 

(P>0.05) affect the response in live weight gain in both environments (Table 2). The response 

of live weight gain under heat stress environment was negative while under no heat stress 

was positive. Though the response under heat stress was negative for all breeds, the pure Red 

Maasai had the lowest response (-0.014) among the breeds. Male lambs, lambs born as twins 

and those born during the  during the wet season had a significantly (P<0.05) higher loss in 

live weight gain under heat stress compared to their contemporaries. The pure Red Maasai, 

female lambs, lambs born during the dry season and those born from ewes in their early 

parities (1 and 2) and late parities (6 and above) did not have stable growth under heat 

stressed and no-heat stress environments.  
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Table 2 Least square means and SE (in parenthesis) of resilience phenotypes expressed as 
change in growth per unit increase in temperature-humidity index 

 Response A Response B  Stability A Stability B 
Breed     

DDDD 0.018 (0.024)a -0.025 (0.025)a 0.261 (0.046)a 0.253 (0.038)a 
DDDR 0.087 (0.022)b -0.101 (0.023)b 0.068 (0.043)b 0.056 (0.031)b 
DDRR 0.076 (0.022)a -0.089 (0.023)a 0.097 (0.043)b 0.083 (0.031)c 
RRRR 0.094 (0.024)b -0.014 (0.025)b -0.041 (0.047)c 0.186 (0.034)a 

Sex     
       Male 0.099 (0.020)a -0.108 (0.022)a 0.064 (0.034)a 0.117 (0.039)a 
       Female 0.049 (0.019)b -0.052 (0.021)b -0.018 (0.033)b 0.048 (0.038)b 
Type of birth     
         Single 0.007 (0.011)a -0.008 (0.012)a 0.016 (0.020)a 0.070 (0.034)a 
         Twins 0.156 (0.033)b -0.168 (0.035)b 0.175 (0.067)b -0.014 (0.033)b 
Dam parity      

1 0.097(0.021) -0.105(0.023) -0.046(0.036)a -0.042(0.036)a 
2 0.069(0.022) -0.074(0.024) -0.036(0.037)a -0.030(0.037)a 
3 0.077(0.023) -0.082(0.026) 0.099(0.040)b 0.106(0.040)b 
4 0.521(0.027) -0.056(0.029) 0.099(0.046)b 0.101(0.045)b 
5 0.053(0.033) -0.058(0.036) 0.047(0.057)a 0.047(0.056)a 

6 and above 0.063(0.034) -0.067(0.037) -0.024(0.058)a -0.018(0.058)a 
Season of birth     

Wet season 0.129 (0.023)a -0.139 (0.024)a 0.238(0.036)a 0.236 (0.036)a 
Dry Season 0.019 (0.021)b -0.021 (0.023)b -0.192(0.039)b -0.181 (0.039)b 

Response A = performance change per unit change in temperature-humidity index at temperature-humidity index (THI) 70;  
Response B = performance change per unit change in temperature-humidity index at THI 85;  
Stability A = Absolute value of corresponding performance change (square root transformed) at THI 70;  
Stability B = Absolute value of corresponding performance change (square root transformed) at THI 85; 
DDDD= pure dorper, DDDR = 75%Dorper-25%Red Maasai, DDRR = 50%Dorper-50%Red Maasai, RRRR = pure Red Maasai 

 

4.3.4 Genetic parameters for resilience phenotypes 

The variance components and heritability estimates for the resilience phenotypes and live 

weight gain for the population are presented in Table 3. The heritability estimates were all 

significantly greater than zero (P<0.05). The heritability estimates for the resilience 

phenotypes ranged from 0.12 to 0.16. Notably, the heritability estimates for Stability traits 

were higher than those for Response traits. 

Table 3 Variance components and heritability esZmates (SE in parenthesis) of resilience 
phenotypes and liver weight gain  

Phenotype Va Ve Vp h2 
Response A 0.024 (0.006) 0.190 (0.006) 0.215 (0.004) 0.115 (0.027)* 
Response B 0.030 (0.007) 0.225 (0.007) 0.255 (0.005) 0.118 (0.028)* 
Stability A 0.092 (0.017) 0.497 (0.017) 0.590 (0.028) 0.157 (0.028)* 
Stability B 0.093 (0.017) 0.495 (0.017) 0.589 (0.013) 0.158 (0.013)* 
LWG1 3.014 (0.341) 5.359 (0.250) 8.374 (0.218) 0.359 (0.035)* 
LWG2 2.104 (0.323) 7.236 (0.278) 9.341 (0.227) 0.225 (0.032)* 
Response A = performance change per unit change in temperature-humidity index at temperature-humidity index (THI) 70;  
Response B = performance change per unit change in temperature-humidity index at THI 85;  
Stability A = Absolute value of corresponding performance change (square root transformed) at THI 70;  
Stability B = Absolute value of corresponding performance change (square root transformed) at THI 85; 
LWG1 = Live weight gain between birth and weaning, LWG2= Live weight gain between weaning and 9 months. 
VA = Additive variance; Ve = Residual variance; VP = Phenotypic variance; h2 = heritability estimate.  
* Parameters is significantly different from zero (P<0.05) 
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Table 4 presents the genetic and phenotypic correlations between the traits studied. A 

significant (P<0.05) antagonistic genetic correlation was evident between the resilience 

phenotypes at  heat stress and pre-weaning live weight gain (LWG1) while the correlations 

between the resilience phenotypes and post-weaning live weight gain (LWG2) were not 

significant (P>0.05). This implies that heat stress significantly affects pre-weaning live weight 

gain compared to post-weaning live weight gain. There was very strong negative genetic and 

phenotypic correlation between Response A and Response B. Therefore, animals that perform 

better at no heat stress environments cannot have the same performance at heat stress 

environments. Additionally, there was a strong negative genetic correlation between 

Response traits and their opposite Stability traits. This further implies that animals that are 

able to have higher live weight gains at the extreme environments would not be able to 

maintain their growth performance in the opposite environment.  

Table 4 GeneZc correlaZons (above the diagonal) and phenotypic correlaZons (below the 
diagonal) of the traits 

 Response A Response B Stability A Stability B LWG1 LWG2 
Response A  -0.987(0.001)* 0.977(0.060)* -0.987(0.060)* 0.193 (0.062) 0.397 (0.059) 
Response B -0.990(0.001)*  -0.926(0.065)* 0.926(0.065)* -0.212 (0.062)* -0.418 (0.058) 
Stability A 0.916(0.015)* -0.989(0.016)*  -0.916(0.065)* 0.026 (0.075) 0.013 (0.080) 
Stability B -0.926(0.015)* 0.988(0.016)* -0.989(0.016)*  -0.026 (0.075)* -0.013 (0.080) 
LWG1 0.018(0.017) -0.216(0.018)* 0.001(0.018) -0.001(0.018)*  0.536 (0.057)* 
LWG2 0.364(0.015) -0.382(0.015) 0.022(0.018) -0.022(0.018) 0.463 (0.014)*  
Response A = performance change per unit change in temperature-humidity index at temperature-humidity index (THI) 55; 
Response B = performance change per unit change in temperature-humidity index at THI 75; 
Stability A = Absolute value of corresponding performance change (square root transformed) at THI 55; 
Stability B = Absolute value of corresponding performance change (square root transformed) at THI 75; 
LWG1 = Live weight gain between birth and weaning, LGW2= Live weight gain between weaning and 9 months. 
*Parameter is significant at P<0.05 

 

4.4 Discussion 
This study set out to investigate the influence of heat stress on growth and to estimate 

and promote the most resilience phenotypes in sheep reared under an Arid and Semi-Arid 

environment. The resilience phenotypes developed at different heat loads are a direct 

indication of how the growth of the animals is influenced by changes in weather. The 

development of these resilience phenotypes is important for the selection and breeding of 

animals with the changing weather conditions which is currently being exacerbated by climate 

change. To develop the resilience phenotypes, random regression models fitted with reaction 

norms were used. Reaction norms have been used to investigate the milk (Tsartsianidou et 

al., 2021) and growth (Sánchez-Molano et al., 2020) performance of sheep across different 

environments. In this study, reaction norms were fitted using a Legendre Polynomial of the 

second degree based on evaluation of linear and third degree Legendre Polynomial. In the 

study by (Sánchez-Molano et al., 2020) a linear reaction norm was fitted to evaluate the 

growth of sheep using air temperature as the environmental variable in a temperate 
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environment. In this study weather was measured using a Temperature Humidity Index. The 

type of weather parameters used, and the geographical area of study can have an impact on 

the type of reaction norm suitable for this type of analyses. The second degree of Legendre 

Polynomial has the advantage of estimating different slopes therefore developing multiple 

resilience phenotypes. 

This study developed two resilience phenotypes, Response and Stability, at two 

different heat loads of heat stress and no heat stress. Both Response and Stability have a 

significance in breeding. While Response shows the direction and magnitude of live weight 

relative to the level of heat stress, Stability shows how stable the live weight gain is.  

Therefore, developing a multi-trait selection index, which has both Response and Stability, and 

other traits of economic importance would ensure an overall desirable genetic improvement.  

Between birth and weaning, there are more factors affecting weight gain than post 

weaning. In this study, the breed of the animal, sex, season of birth, type of birth, the dam's 

parity and THI levels significantly affected the live weight gain between birth and weaning. 

These findings were similarly reported in other studies (Kelman et al., 2022; Goshme et al., 

2021; Canaza-Cayo et al., 2015). However, only the breed, sex of the animal and THI levels 

below 78 significantly affected the post weaning growth. Pre-weaning live weight gain was 

significantly affected across all THI levels unlike post-weaning live weight gain which was not 

significantly affected with THI levels more than 78. This could be due to better adaptation of 

post-weaned animals to withstand higher levels of heat stress compared to pre-weaned 

animals. Therefore, considering that more fixed effects significantly affect pre-weaning live 

weight gain more care should be given to lambs from birth to weaning compared to post-

weaning to ensure optimum growth. Improving the growth performance pre-weaning is 

necessary for any successful breeding program and provides a predictor for future animal 

performance (Sallam et al., 2019). 

The integration of temperature and humidity into a Temperature-Humidity Index 

(THI) provided a more holistic measure of environmental stress, enabling a clearer assessment 

of its impact on the growth of sheep breeds in a semi-arid environment. With the changing 

climate, the conservation and selective breeding of climate resilient livestock breeds is one 

way animal breeders can use to combat the negative effects of climate change on livestock 

production. Indigenous sheep are one of the most climate resilient livestock breeds, and meat 

production is one of the important traits to farmers in Arid and Semi-Arid Lands (Ojango et 

al., 2023; Degen, 2007). Breeding sheep whose growth is more resilient to changes in climate 

is not only of importance to farmers but also aids in meeting the global demand for meat. To 
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identify sheep breeds that are more climate resilient for a particular trait of importance, it is 

critical to know the THI values above which the breed begins to experience  stress . In this 

study, THI affected the growth of the different sheep breeds at different points ranging from 

77.92 to 78.75. In Spanish Murciano-Granadina dairy goats, a THI above 77 potentially induced 

moderate heat stress whereas THI above 85 was considered as severe heat stress (Hamzaoui 

et al., 2013). A 6% reduction in milk yield was found in Alpine goats in Brazil when exposed to 

THI above 80 (Brasil et al., 2000).  

The high THI threshold (78.75) for in live weight gain observed in the pure Red Maasai 

is an indication of better resilience for growth compared to other breeds in this study. 

However, the F1 (DDRR) had the lowest decline rate for live weight per unit increase in THI 

amongst all the breeds. This could be due to the high levels of heterosis associated with F1 

generations. Heterosis (or ‘hybrid vigour’) is the superiority of first cross sheep over the mean 

of the two parental breeds. Heterosis has been shown to have a favourable impact on fitness 

and production traits in sheep (Quan et al., 2025) , cattle (Bunning et al., 2019), chickens 

(Dzungwe et al., 2024) and pigs (Iversen et al., 2019) . On the other hand, the DDDR breed had 

the lowest THI threshold and the highest growth decline rate. This could be attributed to 

recombination losses  due to dilution of the local adapted genetics of the Red Maasai with 

exotic genetics from the less well adapted Dorper. This divergence in THI thresholds 

underscores the importance of within-breed selection and management, particularly in 

regions where climate change is expected to exacerbate heat stress conditions.  

 The development of novel resilience phenotypes, such as the slope of reaction norms 

across THI gradients, offers a promising avenue for breeding more adaptable sheep 

populations. These resilience phenotypes can be incorporated into breeding objectives to 

enhance the sustainability of sheep production systems. The reaction norms for the different 

breeds showed a general decline in growth  below and above the THI threshold. 3. Two 

resilience phenotypes were estimated for this population at THI 70 and THI 85. These 

resilience phenotypes were a) slope - which gives an indication of directional response of the 

change in weight with changing THI and b)absolute - which gives the stability of growth 

performance with changing THI. A slope of 0 indicates that the animal’s growth are not 

influenced by changing in THI while a slope below 0 indicates that the animals growth is 

negatively influenced by changes in THI. In this study, slope 0 was found between THI 75 and 

78. Hence, between these THI levels the growth of most of the sheep was not affected. In this 

population, the sheep had a negative response in growth at THI 85 and a positive response to 

growth at THI 70. This is a direct indication on the effect of heat stress on growth.  
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 With regards to the season of birth, the stability of the animals’ growth was negatively 

influenced at both THI 70 and 85 if the animal was born during the dry season. In this study 

area, the natural pastures used for grazing sheep vary in quality and quantity with the seasons. 

During the dry seasons, the quality and quantity of pasture is poor and therefore the ewes are 

likely not to get enough nutrition hence affecting the quality and quantity of milk they 

produce. This in turns affects the pre-weaning growth of lambs which eventually their growth 

performance for the rest of their lives. Additionally, during the dry seasons the ambient 

temperatures are high, and this results in reduced feed intake due to both direct and indirect 

effects of heat stress on the animal (Renaudeau et al., 2012). The reduced feed intake during 

hot weather is widely regarded as an adaptation to reduce metabolic heat production in 

animals (Lin et al., 2006; West, 2003). When feed intake of ewes is reduced, milk production 

will also be affected and so will the growth performance of lambs pre-weaning. This could be 

the reason for the unstable post-weaning growth performance of lambs born during the dry 

season regardless of the THI levels. To manage this situation, feeding modifications should be 

adopted to make sure the animals have feeds that satisfy their nutritional needs during heat 

stress. Studies in several species have shown that increasing the energy content of the diet 

via lipid addition can partially overcome the effect of heat stress (Attia et al., 2020; 

Renaudeau, 2010; Dean et al., 2006). Depending on the species and physiological stage of 

animals, the metabolic, physiological and immunological disturbances induced by heat strain 

must also be addressed through vitamins and mineral supplementation to aid in good animal 

performance(Liu et al., 2016; Ghazi Harsini et al., 2012).  

The heritability estimates for the resilience phenotypes were moderate and 

significantly different from zero implying that there is a substantial genetic variation in the 

animal’s capacity to cope with changes in environmental heat load therefore genetic selection 

for improved growth performance in heat-stressed environments is feasible. Generally, the 

heritability estimates for fitness related traits such as resilience are considerably low (Kruuk 

et al., 2000). Notably the heritability estimates for Stability were higher than for Response. 

The genetic correlation between Response and Stability traits, at the same THI level, were 

positive and very strong. This implies that animals with negative response in growth at a given 

THI will not have a stable growth while animals with a positive response to growth will have a 

stable growth. On the other hand, the strong and antagonistic genetic correlation between 

two the resilience phenotypes at THI 70 and THI 85 implies that the genetic control mechanism 

under heat-stress environments is also involved in no-heat-stress environments. Animals that 

respond better and are more stable in heat-stress environments will perform poorly in no-
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heat-stress environments. In this study, only the genetic correlations between the resilience 

phenotypes at THI 70 and pre-weaning live weight gain were significantly different from zero. 

This means that the heat stress affects younger animals more than older animals. Younger 

animals are more vulnerable to weather changes thereby affecting their welfare and  pre-

weaning weights (Sánchez-Molano et al., 2020; Karakuş, 2014). Care should therefore be given 

to young lambs to avoid the negative effects of heat stress on the birth and weaning weights 

of the lambs. 

 
4.5 Conclusion  
 

The identification of breed-specific THI thresholds, coupled with the development of 

resilience phenotypes and estimation of genetic parameters, provides a strong foundation for 

breeding more adaptable and sustainable sheep populations. The genetic parameters 

estimated prove the existence of genetic control in sheep for growth and resilience. With the 

changing weather, this genetic control of growth and resilience should be further explored by 

including resilience phenotypes in a multi-trait selection index for improved growth 

performance, especially for birth and weaning weights under heat-stress environments. 

Breeding for resilience not only addresses the immediate challenges of heat stress but also 

contributes to the long-term sustainability of livestock systems. Moreover, the integration of 

genomic tools, such as genome-wide association studies and genomic selection, could 

accelerate the identification and selection of animals with desirable resilience traits. 

Intervention measures in feeding and shelter provision especially for lactating ewes and pre-

weaned lambs should be incorporated into the management practices to reduce the effect of 

heat stress on the growth of young lambs. In a crossbreeding program between indigenous 

and exotic sheep breeds, the proportion of the breeds in the crossbreds should be considered 

as it affects their growth performance under heat stress. 
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CHAPTER 5: GENERAL DISCUSSION 
 
5.1 Reproduction efficiency 
 
The reproductive performance of sheep is one of the main factors on which the efficiency of 

meat production systems depends. Frequently used indicators of the reproductive 

performance of sheep include age at first lambing, lambing interval, conception rates, and 

lambs weaned per ewe per year. Fertility management improves farms overall efficiency of 

the ewe by increasing the number of lambs per ewe year. Fertility management is first and 

foremost done by selecting replacement ewe lambs that have a proven genetic potential in 

the indicator of interest.   

Age at first lambing (AFL) significantly influences sheep productivity, affecting milk yield, 

lactation length, and reproductive efficiency. For instance, in Istrian sheep under semi-

intensive management, early lambing (10-17 months) shortens lactation but maintains milk 

yield, suggesting benefits for reducing non-productive phases (Kasap et al., 2021). Lacaune 

dairy sheep under intensive systems show an optimal AFL range (391-450 days) for maximizing 

lifetime milk production and lactations, with deviations leading to lower yields (Hernandez et 

al., 2011). Different breeds exhibit varied AFL, influenced by genetics and environment. 

African breeds like Damara have an AFL of about 17 months, while studies suggest Wollo and 

Begait may have earlier lambing of 12-13 months for similar breeds (Lijalem M and Zereu H, 

2024). Management practices, especially in sub-Saharan Africa's Arid (SSA) and Semi-Arid 

Lands (ASAL), also play a role, with traditional systems often favouring natural breeding cycles. 

Farmers should consider breed, management intensity, and ewe condition when deciding AFL. 

Early lambing can increase genetic gain and ewe production efficiency, but ensuring adequate 

nutrition and health is crucial to avoid negative impacts. Breed-specific strategies should be 

considered to balance productivity and ewe longevity. 

Lambing interval, defined as the time between two consecutive lambings in a ewe, is a critical 

reproductive trait in sheep production, influencing fertility, lambing rates, and overall flock 

productivity. Studies show genetics, nutrition, and environmental conditions like heat stress 

impact lambing interval (Balehegn et al., 2021). For example, better nutrition can shorten 

intervals by improving ewe fertility, while heat stress may lengthen them, reducing 

reproductive efficiency. In sub-Saharan Africa, intervals often exceed 12 months due to 

seasonal breeding and nutritional constraints, with breeds like Damara showing adaptations 

to longer intervals (Tesema et al., 2020b). Studies show that sheep flock reared in harsh 
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environment like in ASALs areas are too late to start lambing and this lengthens their lambing 

intervals (Kao et al., 2022). 

Heritability estimates for reproduction traits such as AFL and lambing interval are usually low, 

meaning that they are mostly affected by environmental factors. Strategies that farmers can 

use to optimize AFL and lambing interval to maximize sheep productivity include nutritional 

management, breeding practices and health care. 

 

5.2 Pre- and post-weaning lamb survival  
 
Lamb survival, pre and post weaning, directly impacts flock productivity and economic 

sustainability. Lamb survival is influenced by genetics, environmental and ewe-related factors. 

Genetic factors such and breed and sex of the lamb affect pre-weaning survival as shown by 

moderate heritability estimates and male lambs generally having lower survival rates. 

Environmental factors play a crucial role in pre-weaning lamb survival. Birth weight is a key 

predictor, with low-birth-weight lambs at higher risk of mortality. Litter size also affects 

survival, with lambs from multiple births (twins, triplets) often having lower rates due to 

smaller individual weights and increased competition for maternal resources. The nutritional 

status of the ewe during pregnancy and lactation significantly affects lamb survival. Ewes in 

good body condition at lambing produce healthier, heavier lambs with better survival 

prospects. For good lamb survival, the dam’s ability to give birth to live lambs without 

complications and to provide adequate mothering, colostrum and milk supply is obviously 

crucial. Colostrum quality and quantity are critical for providing lambs with essential 

antibodies and nutrients, enhancing their immune system and survival chances (Brien et al., 

2014). Infections and parasites are major causes of pre-weaning lamb mortality. Above all, 

ensuring that lambs receive colostrum within the first few hours after birth, providing 

adequate shelter, and monitoring for health issues can significantly improve survival rates. 

Achieving ongoing genetic gains from selection relies on the existence of additive genetic 

variation, which is most readily exploited within breed, although between breed variation may 

also be tapped in breeding programs. Exploitation of non-additive genetic variation through 

crossbreeding is also a possibility. Exploiting hybrid vigour on an ongoing basis requires 

planned crossbreeding programs that do not suit all production systems. Further, the 

performance of crosses is ultimately influenced by the genetic merit of the contributing 

breeds, so a genetic improvement program involving within breed selection for lamb survival 

as part of a multi-trait breeding objective is likely to be a critical component of achieving 

longer-term genetic gain. Despite low heritability for lamb survival, modest rates of response 
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to selection may be achievable, since variation, selection intensity and generation interval are 

also factors determining genetic gain. 

 

5.3 Ewe’s length of productive life 
 
Ewe longevity refers to how long a female sheep remains productive, typically measured by 

the number of years she can lamb and raise offspring. Ewe longevity is a critical economic 

factor in sheep farming, as it affects the number of lambings and the overall productivity of 

the flock. Factors that affect ewe longevity include genetics, early productivity with ewes with 

balanced early productivity tend to live longer, while extremes can lead to culling and 

management such as proper nutrition and disease control. Ewe longevity has long been 

regarded by sheep breeders as an economically important trait in a breeding ewe flock, due 

to the potential to reduce culling rates and female replacement costs. The ability to identify 

ewes that are able to outperform their contemporaries, in terms of how long they remain 

productive in the flock, will help towards improving flock efficiency and profitability. Fewer 

unproductive animals on farm will also reduce greenhouse gases emissions per kilogram of 

lamb produced, providing an additional environmental benefit. 

Early productivity, particularly the number of lambs born in the first few years, plays a 

significant role in ewe longevity. The number of lambs born in years 2 and 3 has been found 

to result in maximum expected stay ability to various ages, 3.9 to 4.2 years in highly variable 

environments and 4.5 to 4.7 years in moderate environments (Douhard et al., 2016). High 

prolific ewes have low rearing ability, meaning they might not raise all their lambs, leading to 

premature culling, while low early productivity leads to early culling due to poor performance 

(Keady and Hanrahan, 2022). This trade-off highlights that both extremes can reduce 

longevity. Management practices are crucial for maximizing ewe longevity. Proper nutrition, 

disease control, and appropriate pasture management can extend productive life. For 

example, ensuring ewes have adequate body condition scores at lambing can improve their 

ability to rear lambs and stay in the flock longer. The specific production system and 

environmental conditions also affect ewe longevity. In extensive systems, ewes might face 

harsher conditions, potentially reducing longevity, while intensive systems with better 

management can extend it (Douhard et al., 2016).  

 
5.4 Breeding for heat tolerance 
 
Livestock production in tropical and subtropical regions is vital for global food security, 

providing meat, milk, and other products. However, these areas face numerous challenges, 
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with the climatic environment being a primary limiting factor. Heat stress, caused by high 

temperatures and humidity, is a significant concern, reducing animal productivity through 

impacts on growth, reproduction, and health. Global average surface temperature are 

predicted to increases by 1.8°C to 4.0°C by 2100 (Calvin et al., 2023), exacerbating these 

issues, especially as world population and food demand grow rapidly. Heat stress causes 

deleterious effects on welfare, immunology and physiology of the animal, shifting metabolic 

priorities away from production, growth, health, and reproduction hence impacting 

productivity (Oke et al., 2021). 

Animals in outdoor environments face a complex climate where just knowing the air 

temperature isn’t enough. Other factors like humidity, solar radiation, and wind speed also 

matter. The impact of heat stress can be accessed directly from physiological measurements 

(rectal, cloacal and skin temperatures, respiratory rate, panting and heat production) or 

indirectly from animal performance (growth rate, egg and milk production) that are related to 

the animal’s ability or inability to efficiently cope with heat stress (Renaudeau et al., 2012). 

Heat stress makes animals eat less, which hurts their productivity and health, leading to less 

meat, milk, and eggs because they get less energy and nutrients. Additionally, when it’s hot 

or cold, animals adjust their bodies to stay cool or generate heat to maintain normal body 

temperature, and this can reduce their performance. Animals living in Arid and Semi-Arid 

Lands (ASAL) face tough conditions like heat and drought and therefore need to be genetically 

adapted and resilient to the environment. One way of identifying resilient animals is through 

reaction norm analysis. Reaction norm analysis looks at how different genotypes perform 

under varying environments of heat stress as measured by the Temperature-Humidity Index 

(THI). In this type of analysis, the Estimated Breeding Value (EBV) has two parts: The slope of 

the reaction norm which indicate how animals performance respond to environmental shifts 

and the absolute value of the slope of the reaction norm measures the stability of 

performance under changing environments.  

Growth is controlled genetically and environmentally. Environmentally, nutrients, hormones 

and enzymes, as well as heat stress are some of the  factors that can influence growth. 

Exposure of sheep to elevated temperatures results in a decrease growth (Marai et al., 2007; 

Abdel-Hafez, 2002). The decrease in growth is mainly because they don’t get enough energy 

from food, especially metabolizable energy, needed for growth and maintenance. It is 

therefore important to include resilience phenotype in the breeding goal. Failing to include 

resilience in the breeding goal would result in losses in the growth potential of lambs 

amounting to 4–5% per 1 °C of air temperature change (Sánchez-Molano et al., 2020). When 
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breeding animals, it’s essential to consider the predicted intensity and trend of climate change 

in a specific region, especially when incorporating resilience traits into breeding programs. If 

the slope is positive, it means the animal performs better as heat stress rises but struggles 

when temperatures drop. If the absolute slope is close to zero, the animal’s performance 

remains consistent regardless of heat stress fluctuations. If the primary goal is to select 

animals that thrive better with increasing heat stress, selecting animals with positive slopes 

may be more effective but if the goal is select animals in an unpredictable weather, choosing 

animals with slopes near zero could be more beneficial. 

 
5.5 Recommendations  
 
Reducing the age at first lambing and lambing interval in the population will increase the 

reproduction efficiency of the flock. Through proper management in feeding and health, 

hoggets can be first mated at 6 - 7 months instead of 9 months as practiced in the farm. This 

will significantly reduce the age of first lambing. However, this study found out that ewes’ 

length of productive life has an antagonistic relationship with age at first lambing. Therefore, 

ewes longevity should be selected based on individual animals estimated breeding values for 

longevity. Lambing interval had very low heritability and therefore selection for reduced 

lambing interval cannot achieve the desired outcome. However, with proper management of 

the ewes through proper feeding, health, shortening the period of exposing ewes to rams 

after they have weaned their lambs and culling unreproductive ewes, the lambing interval can 

be reduced. 

Lamb survival pre-weaning is important for the sustainability of the flock. Pre-weaning lamb 

survival is greatly influenced by ewes mothering ability. Pre-weaning survival had a moderate 

heritability and therefore selection of animals can be done using estimated breeding values 

which is also a reflection of ewes with good mothering ability. Post-weaning survival is greatly 

influenced by environmental factors and therefore it can be increased through good 

management practices. 

With the changing climate, the effect of cold and heat stress on the growth of the sheep 

cannot be ignored. As shown in this study, the growth of the sheep is negatively affected by 

heat stress at different points for each breed. With the estimated breeding values and 

moderate heritability estimates, animals can be selected for cold or heat tolerance in this 

population depending on the direction of climate change.  

Considering that the traits studied here are all of importance in this population, a selection 

index that in-cooperates growth, pre-weaning lambing lamb survival, ewes’ longevity and heat 
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tolerance should be developed. Improved management of lambs depending on their sex, 

season of birth and birth weight should be adopted by the farm management to increase pre- 

and post-weaning survival rates. The Red Maasai sheep is valuable for its tolerance to drought, 

resistance to diseases, and for its high cultural value. The purebred sheep among commercial 

farms are, however, few compared to how it used to be. A breeding strategy for the Red 

Maasai needs to be established in order to conserve the breed to avoid further decline in 

numbers. Additionally, more concerted efforts need to be put in place to assemble genomes 

for the indigenous breeds in sub-Saharan Africa to accelerate their genomic selection, 

characterize and conserve their genetic diversity amid climate change and understand their 

genetic mechanisms to heat tolerance.  

 
5.6 Future considerations  
 
Sub-Saharan Africa (SSA) possesses a diverse array of indigenous sheep genetic resources, 

which over time adapted to thrive in challenging environmental conditions. These indigenous 

breeds are frequently considered to have limited genetic potential and are commonly 

replaced by exotic breeds via haphazard crossbreeding without clear breeding objectives. 

While enhancing sheep performance is possible through better management and nutrition, 

genetic improvement—though gradual—offers a more effective and enduring approach to 

boosting the overall productivity of the system. Community based breeding programs (CBBPs) 

carried out at farm level with the full involvement of farmers from the development of 

breeding objectives, selection, breeding, monitoring and evaluation have proven to be more 

efficient than national or regional breeding programs. CBBPs are therefore more sustainable 

in the long term because they are less dependent from external inputs, they are designed 

according to the needs of the farmers, and the technical and logistical management is at the 

level which farmers feel comfortable with. CBBPs have proven to be successful in the genetic 

improvement while conserving  indigenous breeds in situ. In situ conservation is usually 

recommended for breeds which have a significant contribution to the current and future food 

production. This method of conservation, in comparison with ex situ, allows breeds to 

continue improving in the changing production environment while maintaining the socio-

economic and cultural roles of the breed. 

Heat stress cannot be totally eliminated by management practices aimed at alleviating heat 

load. In addition, these practices are for most part quite expensive and not economically or 

technically feasible for small-scale farmers and pastoralist. Consequently, breeding for heat 

tolerance, could be the most cost-effective approach for mitigating heat stress. Improving 
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animal adaptation to heat stress can be achieved either by selection in stressed conditions or 

by introgressing ‘heat adaptation’ genes from a local breed into a commercial breed. The high 

heat tolerance of tropical local breeds is generally correlated with their small size, their low-

production level and some special morphological traits (properties of the skin or hair, sweating 

capacity, tissue insulation, special appendages) compared with mainstream breeds and 

commercial lines. When compared in similar experimental conditions, the productivity of 

indigenous tropical breeds is generally lower than that of exotic livestock breeds. However, in 

very harsh conditions (hot climate and/or poor nutritional resources or livestock 

management), the use of indigenous breeds would likely be most successful in improving 

production levels. The thermal tolerance of local breeds can be utilized by crossbreeding 

commercial breeds with an exotic breed in order to improve performance level by taking 

advantage of specific abilities. 

 
5.7 Conclusions 
 
The future of small ruminants production, and its contributing role in global food production, 

will become more apparent in coming decades due to predicted extremes of climate and a 

growing human population. Sheep are key components of smallholder production systems in 

Arid and Semi-Arid areas and need to be selectively bred and conserved. Improving ewe 

reproductivity, lamb survival and good growth rates in the midst of heat stress requires 

selective breeding strategies and context-specific  management practices. Genotype by 

environment interaction in reproduction traits, lamb survival and ewe longevity, and heat 

tolerance was shown in this study. These differences should be taken into consideration when 

developing breeding objectives for within breed selection and crossbreeding programs 

between the Red Maasai and Dorper breeds. With the possibility of developing resilience 

phenotypes for growth and the existence of genetic variability between and within breeds, it 

is feasible to select for animals with good growth rates under heat stress.  Ensuring better 

nutrition by improving pastures and providing feed supplements which ensure ewes and 

lambs get enough nutrients is crucial for better survival, and optimal reproductive and growth 

performance. Additionally, enhancing animal health care through better diagnostics and 

training farmers to control diseases can reduce pre-weaning lamb mortality. Environmental 

management through improved housing and cooling systems can also alleviate heat stress in 

the animals.  
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