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Abstract

Population structure in five African beef cattle breeds in South Africa was
investigated, to assess the effect of animal recording in management of genetic
diversity and genetic improvement. Pedigree records of 247,173 Afrikaner, 57,561
Boran, 198,557 Drakensberger, 256,692 Nguni and 55,309 Tuli breed were analysed
using the online POPREP software system. Pedigree completeness over six
generations varied with the lowest completeness in the Boran and the highest in the
Afrikaner.The average generation interval ranged between 6.0 to 6.4 years. The rates
of inbreeding per year were 0.03%, 0.04%, 0.06%, 0.07% and 0.08% in Boran,
Nguni, Afrikaner, Drakensberger and Tuli respectively. Effective population sizes
were 89, 107, 122, 191 and 364 in Tuli, Afrikaner, Drakensberger, Nguni and Boran
respectively. Inbreeding and effective population size for the Boran was not a true
reflection due to poor pedigree recording. These results indicate that none of the
breeds are in critical limits of endangerment. Breeding values were regressed on birth
year of each breed for weight traits; Kleiber ratio and scrotal circumference from 1986
to 2012. Genetic trends were stable for birth weights except the Afrikaner and Tuli.
Genetic progress has been made in weaning and post weaning weights for all the
breeds except for limited progress in the Nguni. Kleiber ratio and scrotal
circumference in all measured breeds have shown good progress. The results of this
study confirmed that recording of pedigree and performance records are effective in
maintenance of genetic diversity and genetic improvement through selection based on
EBVs of recorded traits.
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Chapter 1

1.1 General introduction

Livestock is an important component of food, socio-economic and cultural aspects in
most developing countries. It approximately accounts for 30% of the agricultural
gross domestic product, with a projected increase of up to about 40% by 2030 due to
recurrent demand for animal products (FAO, 2010). This increase in demand for
animal products can be attributed to continuous increases in population sizes,
urbanization and individual income (Delgado, 2003; Thornton, 2010). In Sub-Saharan
Africa indigenous cattle form the largest part of livestock resources which were
mostly developed for beef production (Rewe et al., 2009). Based on the World Bank
assessment, there is a need to increase meat production by about 80% between 2000
and 2030 and this require more efficient and sustainable animal production systems
(FAO, 2010).

Animal recording is the first practical step towards genetic improvement programs of
livestock species worldwide. The genetic progress achieved in beef cattle thus far was
obtained mainly through recording and evaluation of weight, fertility, feed efficiency
and carcass related traits (Miller, 2010). Recording of these performance traits provide
objective information for sound decision-making and is crucial for selection and
breeding (FAO, 1998a/b). However, modern selection tools that include improved
quantitative genetic methods and artificial reproductive techniques have favoured the
use of few superior genotypes which would be detrimental to global domestic animal
genetic diversity in the long run (FAO, 2007a; Groeneveld et al., 2009). Livestock
diversity is a prerequisite for selection and sustainable genetic improvement towards
achieving various breeding goals in unpredictable future production environments
(Notter 1999; Okeyo et al., 2010). Despite the continuous advances in molecular
genetics there are still national and international needs for pedigree information to
evaluate inbreeding, effective population size, generation interval and other important
genetic structure parameters of a population (Martinez et al., 2008; Groeneveld et al.,
2009; Malhado et al., 2010). Knowledge about the genetic diversity and genetic

trends in a population is crucial for genetic interventions as well as evaluation of the
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results of the adopted selection program (Malhado et al., 2010). The information on
genetic structure combined with genetic trends in a population under selection can be
used to guide future management actions to counteract any threats to genetic diversity
and promote genetic improvement and adaptation of a breed as well as ensuring
sustainable food security (FAO, 2007a; Malhado et al., 2008).

1.2 Motivation and aim of the study

Animal recording is not only an essential tool for the livestock breeder, but also
provides the data required for genetic evaluation. Information with regard to the
genetic structure and genetic trends for cattle breeds under selection is of utmost
importance to guide selection decisions. Animal Recording forms a platform for
genetic analyses that aimed for organized selectrion program. It also offers an
opportunity to monitor the genetic changes that occurred within a population/breed as
a result of different breeding practices and averts risks associated with loss of genetic
diversity (Boichard et al., 1997; Carolino and Gama, 2008). Thus, the aim of this
study was to investigate different African indigenous beef cattle breeds of larger and
smaller population numbers in South Africa that are subjected to animal recording and
to assess the potential of animal recording in genetic management.

1.4.1 Objectives

l. To investigate the population structure of five indigenous African beef cattle
breeds using pedigree records.

Il. To explore the genetic trends for recorded traits of economic economic
importance which include; reproductive, growth and feed efficiency based on
EBV.
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Chapter 2

Literature review

2.1 Introduction

Animal recording provides databases and systems for inventory, characterization,
conservation, monitoring of population trends and threats, as well as genetic
improvement of animal genetic resources (Kosgey et al., 2011). Over the past five
decades, animal breeding has witness a remarkable progress, which was the result of
domestication, natural selection and a combination of conventional techniques, such
as breed substitution, crossbreeding and within breed selection (Thornton, 2010).
Developed countries have been using animal recording for many purposes that include
estimation of breeding values for selection of bulls and bull mothers to produce bulls
and replacement heifers, development of extension systems, and national strategies
for livestock development and appropriate decision making (Trivedi, 1998; Djemali,
2004). The organised animal recording system and intense selection for production
traits in these countries had resulted into a relatively small number of well-defined
and efficient specialized breeds producing relatively good quantity and quality
products (Simm et al., 2004; FAO, 2010). In developing countries, animal breeding
programs are more diverse ranging from conventional pastoral system to livestock
production system in transition and the commercially oriented industrial production
systems (McDermott et al., 2010).

The implementation of animal recording however offer both opportunities and
challenges to countries that need to engage in or are already engaging in animal
recording, selection and improvement programs. The increase in demand for livestock
products offer an opportunity of making profits and would potentially contribute to
poverty alleviation. The challenges in countries that have to implement animal
recording for the first time lies in the need to understand the nature of animal
recording and selection before adoption of any available systems. Countries that have
a recording infrastructure in place are often challenged by the consequence of
selection as selection leads to change in traits, but not all traits change in the preferred

way. Moreover selection of elite animals tends to increase homozygosity within a
3
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population and thereby increase the chance for inbreeding depression in the long term
(Serensen et al., 2005; Hiemstra et al., 2010).

An animal recording system is fundamental in animal breeding program, it aids in
identification, registration and measurement of various indicators of animal
performance or production system criteria, processing of data to extract the desired
information for decision making (Flammant, 1998; Bowman et al., 2010). The aim of
this review was to discuss the prerequisites for the planning and compilation of
selection programs for sustainable beef production with specific reference to different
animal recording systems, benefits and use in both developed and developing

countries.

2.2 African cattle breeds

A Dbreed can be defined as either a sub-specific group of domestic livestock with
definable and identifiable external characteristics that enable it to be separated by
visual appraisal from other similarly defined groups within the same species or a
group for which geographical and/or cultural separation from phenotypically similar
groups has led to acceptance of its separate identity (Kohler-Rollefson, 1997; FAO,
1999). African cattle breeds are part of the prestigious inherited resources that largely
contribute to agriculture, economic, social, cultural, and spiritual aspect of most
African people on the continent. The previous available archaeological,
anthropological, historical, linguistic evidence on the origins of the African domestic
cattle was complex and unresolved (Blench, 1993). However, the current
developments in the field of molecular genetics with comprehensive gene mapping
and determination of genetic distances based on highly polymorphic DNA markers is
unravelling this complexity. Recent evidence include that African cattle breeds have
originated from Asia, where they entered Africa in three main phases via the Nile
valley in Egypt or the Horn of Africa (MacHugh et al., 1997; Rege, 1999; Hanotte et
al., 2002) and the native African taurine breeds, centred in the Saharan Belt of Africa
(Wendorf and Schild, 1994; Hanotte et al., 2002). Modern African cattle breeds can
be grouped into five major categories: the Taurine (humpless Bos taurus); Zebu

(humped Bos indicus); Sanga (Bos taurus x Bos. indicus); Zenga a combination of
4
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Sanga x Zebu (Rege, 1999; Reisti-Marti et al., 2003) and African composite breeds

(combination of two or more breeds).

Taurine cattle: The African Taurine cattle comprised of the humpless Shorthorns and
Longhorns of West and Central Africa. The humpless Shorthorn breed further
includes 14 humpless ecotypes that are widely distributed in the humid and sub-humid
zones while the humpless Longhorn breeds included two ecotypes namely N’Dama
and Kuri breed (Rege, 1999). These breeds are characterized by small body size,
hardiness and resistance to many endemic diseases particularly trypanosomosis
(Bosso et al, 2009).

Zebu cattle: Zebu is the most abundant and widely distributed cattle in the African
continent that include about 75 breeds. Zebu is highly adaptable to the varying
environmental condition and is characterized by thoracic humps that are placed over
the shoulders or the posterior part of the neck (Rege, 1999). The majority of Zebu,
about 61 breeds, is found in Eastern Africa and neighbouring countries in southern-
central Africa while the rest are found in the Western part of Africa. The East African
Zebu dominated the areas that extended from Northern Sudan to the Zambezi River
bordered by the rain forest in the west. They are sub-divided into small East African
Zebu that embraced 49 breeds and large East African Zebus that comprised 13 breeds.
The West African zebu consists of Gudali breed represented by two sub-groups
(Sokoto with only one strain, and Adamawa with 3 strains); Fulani breed (having six
strains) and the non Gudali/Fulani breed comprised Azoauak, Shuwa and Maure
(Rege, 1999).

Sanga cattle: Sanga cattle are also known as Bos taurus africanus and are
distinguished by a small cervico-thoracic hump located posteriorly on their neck
(Strydom et al., 2001). Sanga cattle are composed of 30 breeds/strains that are further
sub-divided into different ecotypes in accordance to their location as Sanga of Eastern
Africa and Sanga of Southern Africa (Rege, 1999). The Sanga of Eastern Africa
consist of three groups namely the Nilotic Sanga of South Sudan (previous Southern
Sudan) and South-western Ethiopia; the Abyssinian Sanga of Ethiopia and Eritrea;
and the Ankole group with its ecotype found in Uganda, Rwanda, Burundi, Tanzania

and Democratic Republic of Congo. The Sanga of Southern Africa are represented by
5

© University of Pretoria



six groups namely the Shona represented by the Mashona of Zimbabwe; the Nguni
group; the Zambia/Angola group; the Ovambo and South-western group; the
Setswana group; and the Afrikaner breed as a group (Rege, 1999).

Zenga cattle: The Zenga is a collective name for the groups of cattle breeds that were
developed from interbreeding between Zebu-Sanga or vice versa. These cattle
originated in East Africa and they act as buffer zone between the zebu country in the
North and the predominantly sanga country in the South (Rege and Tawah, 1999).
The Zenga type cattle include the Arado, Fogera, and Horro in Ethiopia; Jiddu in
Southern Somalia; Alur, also called Nyoka or Blukwa cattle in DRC; Nganda in

Uganda; Sukuma in Tanzania and Bovino de Tete in Mozambique (Rege, 1999).

Composite breeds: Unlike the other types of cattle, composite breed is the result of a
planned mating scheme designed to combine the desirable traits of two or more breeds
into one composite as purebred with static heterosis maintained in the established
generations without crossbreeding (Bourdon, 2000). There are about six commercial
composite breeds in Sub-Saharan Africa with each having distinct proportions of
exotic blood (Rege and Tawah, 1999; DADGRIS, 2007). These breeds include the
Bonsmara and Drakensberger in South Africa (Meyer, 1984; Rege and Tawah, 1999),
Rentilo and Manjani Boina in Madagascar; Mpwapwa in Tanzania and Wakwa in

Cameroon (Rege and Tawah, 1999).

2.3 Genetic diversity of livestock

Conservation and sustainable utilization of farm animal genetic diversity is a global
obligation under the Convention on Biological Diversity (CBD) and the Global
Strategy for the Management of Farm Animal Genetic Resources (Gibson et al., 2006;
FAOQO, 2007a). This is to ensure sustainable agricultural production to meet the present
and future human needs for food and livelihood security as well as to preserve cultural
heritage across the production environments (Gibson et al., 2006; FAO, 2007a/b). The
term animal genetic resource (AnGR) is inclusive to those animal species that are of
social-economic and scientific importance and are used, or may be used, for the

production of food and agriculture (Rege and Gibson, 2003; FAO, 2007b; Alderson,
6
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2010). Domestic animal genetic diversity referred to the genetic or allelic differences
among and within breeds of species used for food and agriculture (Cardellino and
Boyazoglu, 2009).

The need for increased selection pressure has intensified the application of improved
quantitative genetic methods and artificial reproductive techniques. These led to an
increase in production efficiency at the expense of genetic diversity and the survival
of many breeds across the world. The total global domestic animal was about 8054
breeds since domestication of the first livestock species (FAO, 2011). From this huge
number of breeds, a total of 631 breeds (compared to 695 in 2008 and 690 in 2006)
breeds are classified as extinct and another total of 1710 breeds (21%) are classified
as being at risk (compared to 1 649 in 2008 and 1 491 in 2006) with cattle having the
highest number of breeds (194) that are extinct and also at risk among the mammalian
species (FAO, 2011). The status of risk or endangerments for domestic animal
population has been proposed by Bodo, (1989) as shown in table 2.3.1. The concerns
with regard to the loss of genetic diversity are however, not only concerned with the
extinction of indigenous breeds, but also the loss of genetic diversity within breeds.
Loss of genetic diversity within of some these breed has negatively affected some
production and fitness traits as observed in dairy breed (Serensen et al., 2005;
Oltenacu and Broom, 2010) and beef cattle breed (Burrow, 1998; Santana et al.,
2010).

Table 2.3.1 Categories for endangered status of domestic populations

Status No of Description
breeding
females
Critical <100 A breed is close to extinction, Because the genetic variability has

already reduced below that of the ancestral population.
Therefore, action must be done to increase the effective
population size to ensure the survival of the population.

Endangered 100-1,000 A breed is in danger of extinction, because its effective
population size is inadequate to prevent genetic loss through
inbreeding in future generations. The methods of Preservation
must be enacted o save such breed.
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Vulnerable 1-5,000  This implies that some disadvantageous effects have endangered
the existence of the breed and need precautionary measures must
be taken into consideration to prevent further decrease in the
population of the concerned breed.

Insecure 5-10,000  The number of breeding animals is decreasing rapidly indicating
an escalation in the loss the genetic variation in future.

Normal >10,000  The breed is not in danger of extinction. Can reproduce without
genetic loss and there are no visible changes in population size.

Proposed basic terms of reference for uniparous populations adapted from Bodo, (1989).

Conservation of farm animal genetic resources can be done either in situ or ex situ,
but the in-situ conservation is the preferred conservation approach since it has the
advantage of allowing continued improvement of the genetic resources within the
prevailing environment and thereby meeting the demands of both the farmers and
consumers (Geerlings et al.,, 2002; Gibson et al., 2006). Moreover, effective
management of farm animal genetic resources depend on comprehensive knowledge
of breed characteristics, including data on population size and geographical
distribution (Groeneveld et al., 2010). It will be difficult if not impossible to conserve
animal diversity without understanding the characteristics embedded in these breeds
and their production systems. The availability of pedigree and production data in the
formal animal breeding schemes offer great opportunity to investigate and assess the
risk associated with diversity within breeds (Groeneveld et al., 2010; Leroy et al.,
2013). Maintenance of within breed diversity is crucial for genetic improvement by
selection as it influences the reproductive viability of a breed and its adaptability to
adjust to the changing environmental conditions and contributes to the total diversity
within a species (Simianer, 2005; Hoffmann, 2010). Therefore, genetic diversity is
instrumental in mitigating any unpredictable change in socio-economic needs,
environment condition and production objectives (Hoffmann, 2010). There are several
factors that threaten the diversity of animal genetic resources and are used as key
parameters in monitoring any associated risk. These parameters include genetic drift
which is a temporal changes in allele frequencies leading to variance of effective
population size, increase in homozygosity (inbreeding effective population size), the
rate at which unique alleles are lost (eigenvalue effective population size) and average
genetic relationships (Caballero and Toro, 2000; Groeneveld et al., 2010; Leroy et al.,
2013).
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Both inbreeding and additive genetic relationship are quantified in term of a
coefficient. The inbreeding coefficient of an individual is defined as the probability of
identity by descent of the two genes carried by an individual at a given locus
(Bourdon, 2000). Inbreeding coefficient quantifies the expected reduction in
proportion of heterozygous loci in the inbred individual, compared to the proportion
of heterozygous loci in a typical individual from the non-inbred population from
which the individual descended (Hohenboken et al, 2005). It implies mating of related
individuals and is associated with decline in performance and fitness due to the
reduction of genetic variation and usually known as inbreeding depression (Falconer
and Mackay, 1996). Inbred animals are those individuals with an inbreeding
coefficients >0.0625 which corresponds to mating between first cousins. The degree
of measurement of inbreeding coefficient ranged between zero for non-inbred and one
(or 100%) for inbred individual (Northcutt et al., 2004; Hohenboken et al., 2005).

The coefficient of additive genetic relationship (coancestry) is the probability of
identity by descent of two genes taken at random from each individual at a locus
(Toro et al., 2011). It is the representation of the animal in the whole pedigree,
regardless of the knowledge of its own pedigree (Malhado et al., 2010). The
knowledge about additive genetic relatedness is essential to estimate genetic
parameters such as heritability, repeatability and genetic correlation that are necessary
for genetic evaluations (Falconer and Mackay 1996; Bourdon, 2000; Aynalem, 2006).
The information obtained from genetic evaluation will therefore guide proper mating
decision, efficient selection strategies and sustainable breeding programs (Falconer
and Mackay 1996; Van der Werf, 1999; Bourdon, 2000). Moreover, additive genetic
relatedness is central in the estimation of inbreeding and optimization of genetic

management in a conservation program (Toro et al., 2011).

The effective population size is defined as the size of an idealized population which
would give rise to the rate of inbreeding (AF) or rate of change in variance of gene
frequencies observed in the population under consideration (Wright, 1923). The rate
of loss of genetic diversity over time depends on the effective population size which is
linked to age structure and mean generation interval of the breeding animals (Engen et
al., 2005). It is therefore necessary to consider all those factors when predicting the

expected rate of loss of heterozygosity in a population.
9
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Effective population size (Ne) is computed on the basis of the size of both female and
male breeding populations making it a reliable tool for assessment of risk status
(Gandini et al., 2004; Groeneveld et al., 2009). Knowing the effective population size
(Ne) allows the rate of inbreeding and hence the loss of genetic diversity within the
population to be inferred (Harmon and Braude, 2009; Groeneveld et al., 2010).
Moreover, the status of risk depends on current and predicted future population
trends; as a rapid downward trend is an indication of a high level of risk (Groeneveld
et al., 2010). In animal breeding, it is recommended to maintain an effective
population size (Ne) of at least 50 (short-term Fitness) to 100 (long-term Fitness) that
corresponds to a rate of inbreeding coefficient of 0.5 to 1% per generation (FAO,
1998b; Bijma, 2000). Small effective population sizes will indicate rapid loss of

genetic variability (Serensen and Norberg, 2008).

2.4 Breeding objectives and selection criteria

In developing countries livestock production is still mostly low input-low output
production systems and fulfils multiple objectives of economic, cultural, social and
environmental aspects (Moll, 2005; Wurzinger et al., 2006). Development of efficient
means to increase production and productivity of livestock is important. This will
relatively increase profit and improve farmers’ livelihood. The establishment of
breeding programs therefore can assist here, but proper definition of breeding
objectives and recording of related traits are required (Groen, 2000; Miller, 2002).
The set of traits in the breeding objectives should be linked to characteristic in
selection criteria, have economic value, heritable, easy and cost effective to record by
the breeders/farmers (Hetzel and Seifert, 1986; Goddard, 1998; Olesen et al., 2000;
Kluyts et al., 2003). In Sub-Saharan Africa with its challenging environmental
conditions, the selection criteria of beef cattle mostly include fitness; growth and to a
lesser extend carcass traits (Steyn, et al., 2009; Kugonza, 2012; Tada et al., 2013).
The inclusion of each trait in the selection program and its potential benefits is
therefore, determined by its economic importance, heritability and genetic correlation

with other traits.
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2.4.1 Fitness traits

Fitness traits could be described by reproductive, survival/adaptability, mothering
ability and longevity/stayability of individual animals in a population (Barker, 2009;
Fuerst-Waltl and Fuerst, 2010). They have low heritability, unfavourable genetic
correlations with performance traits, difficult and expensive to record (Koots et al.,
1994a/b; Philipsson and Lindhe, 2003). This resulted in failure to directly include
fitness traits in some selection criteria (Fuerst-Waltl and Fuerst, 2010). The
heritability estimates for fitness traits in African beef cattle and some crossed breeds
are relatively low with the exception of scrotal circumference as shown in table
2.4.1.1.

Table 2.4.1.1 Summary of heritability estimates (h?) for fitness traits in beef cattle

Trait Breed h? Reference
Age at first calving Bonsmara cross  0.13 Corbet et al., 2006.
Afrikaner 0.27 Rust and Kanfer, 1998.
Calving date Afrikaner 0.09 Beffa, 2005.
Bonsmara cross  0.02 Corbet et al., 2006.
Calving success multibreed 0.03 Van der Westhuizen et al., 2001.
composite
Afrikaner 0.08 Beffa, 2005.
Afrikaner 0.27 Rust and Groeneveld, 2002.
Calving rate SA beef cattle 0.04 Rust and Groeneveld, 2002.
Calving interval Boran Cross 0.08 Demeke et al., 2004.
Bonsmara cross 0.04 Corbet et al., 2006.
multibreed
composite 0.02 Van der Westhuizen et al., 2000.
Days open Boran Cross 0.04 Demeke et al., 2004.
No service/conception  Boran Cross 0.08 Demeke et al., 2004.
Scrotal circumference  Bonsmara 0.44-0.46 Maiwashe et al., 2002; Van der
Westhuizen et al., 2004; Nephawe
et al., 2006.
Longevity multibreed 0.08 Van der Westhuizen et al., 2001.
composite
Tick resistance Bonsmara 0.05-0.17 Budeli, 2010.
0.26 Schoeman, 1989.

Efficient reproduction is necessary for profitable and efficient beef cattle production,
but fertility trait is complex and governed by the underlying genetic potential that
expresses the endocrine and physiological functions that cannot be fully defined by
phenotypic measurements made directly on the animals (Eler et al., 2002). In females,

fertility could be defined as the cow’s ability to conceive normally, calve down and

11

© University of Pretoria



suckle the calf to weaning successfully (Davis, 1993; Nino-Soto and King, 2004),
while in males, it could be defined as the ability of a bull to produce semen that will
result in a successful pregnancy (Foote, 2003; Nino-Soto and King, 2004). Traits that
are relatively easy to record at low cost in most management systems to measure
reproductive efficiency of female beef cattle are age at first calving, calving success,
calving interval, calving rate, calf survival, days to calving and calving date (Rust and
Groeneveld, 2001).

Natural service is used in most beef cattle operations and therefore, acceptable bull
fertility is also critical to the success of these operations (Carpenter et al., 1992). Bull
fertility and performance would be determined by a number of factors including;
plane of nutrition (Chase et al., 1994), structural soundness, capability of the
reproductive organs, quality of semen, level of libido (the number of cows a particular
bull is expected to service, the length of the mating period), the serving capacity of the
bulls (Godfrey and Lunstra, 1989; de Araujo et al., 2003). Scrotal circumference has
however been advocated as an easily measurable, moderately to highly heritable trait
in beef bulls and it is favourably correlated to semen quality and output (Meyer et al.,
1990; Brinks, 1994; Morris et al., 2000; Parkinson, 2004). Moreover, scrotal
circumference has been found to be a useful indicator for age at puberty both in bulls
and related heifers (Toelle and Robison, 1985; Brinks, 1994). Therefore, selection
based on scrotal circumference is an indirect means to improve female fertility
because of the strong additive genetic relationship with age at puberty in heifers
(Smith et al., 1989; Van Melis et al., 2010). Genetic correlations between the
reproductive traits are shown in table 2.4.1.2 to illustrate the complexity of these

traits.

Table 2.4.1.2 Genetic correlations (ry) between reproductive traits in beef cattle

Trait g Reference
Age at first calving /Calving date 0.88 Corbet et al., 2006.

0.09 Van der Westhuizen et al., 2001.

0.60 Van der Westhuizen et al., 2000.
Age at first calving /Calving interval 0.44 Corbet et al., 2006.

-0.03 Van der Westhuizen et al., 2001.
Calving date /Calving interval 0.01 Corbet et al., 2006.

0.75 Van der Westhuizen et al., 2001.
Calving success/Calving date -0.95 Beffa, 2005.
Days to calving /Pregnancy rate -0.99 Corbet et al., 2006.
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Despite low heritability estimates and variable genetic correlations between female
reproductive traits in beef, these traits can be used as genetic indicators to improve
female reproduction in tropical breeds (Johnston et al., 2013). The birth weight of an
animal and pre weaning growth are determined not only by its own genetic potential
but also by the maternal environment which is represented mainly by the uterine
environment, dam's milk production and nursing ability (Meyer, 1992; Newman and
Coffey, 1999). An increased proportion of calve surviving to weaning is of great
economic importance and their mortality reduce beef income and add significantly to
beef production costs (Meijering, 1984; Melton, 1995). It is therefore necessary to
integrate calf survival traits in the definition of the breeding objective in beef cattle
selection programs (Goyache et al., 2003; Prayaga, 2004). Recording of survival traits
in extensively managed range beef cattle is challenging; survival data are often
derived from presence or absence of animal at certain ages/weights in the course of
the animals’ life, with survival from birth to weaning being commonly reported

(Beffa et al., 2009).

Mothering ability is one of the critical factors that determine the efficiency of beef
production especially in the tropical rangelands (Mason and Buvanendran, 1982). It
encompasses the protective ability, maternal instincts and milkability that a cow offers
to her calf. The traits related to mothering ability of cows could be recorded and
evaluated through the weaning weight of their calves (Campélo et al., 2004; Du
Plessis et al., 2006 ) and it defines the overall productivity of the cowherd (Du Plessis
et al., 2006). It also determines the stayability of a cow. Cows that consistently wean
lighter calves are culled from the herd (Eler et al., 2008). However, under extensive
pastoral systems, recording of such traits are sometimes complicated by voluntary
cross-suckling i.e. a calf suckle on other cow than its own mother (Prayaga et al.,
2008).
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2.4.2 Growth traits

Growth rate and efficiency of gain are of major economic importance to the beef
industry and the first trait to receive selection emphasis in beef cattle breeding due to
its early expression, ease of measurement and positive association with a profit per
unit change in the growth rate (Parnell et al., 1994; Prayaga, 2003). Moreover it is of
moderate to high heritability (Table 2.4.2.1).

Table 2.4.2.1 Summary of heritability estimates (h?) for growth traits in beef cattle

Trait Breed h2 Reference
Birth Weight direct Gudali 0.39 Ndofor-Foleng et al., 2012.
SA Brangus 0.21 Neser et al., 2012.
Boran 0.34 Wasike et al., 2009.
Bonsmara cross 0.23 Corbet et al., 2006.
Afrikaner 0.39-0.4 Beffa, 2005; Beffa et al., 2009.
Nguni 0.36 Norris et al., 2004.
0.26 Van Niekerk et al., 2004.
Birth Weight maternal Gudali 0.05 Ndofor-Foleng et al., 2012.
SA Brangus 0.05 Neser et al., 2012.
Bonsmara cross  0.10 Corbet et al., 2006.
Afrikaner 0.14 Beffa, 2005; Beffa et al., 2009.
Nguni 0.13 Norris et al., 2004.
Weaning Weight direct Gudali 0.25 Ndofor-Foleng et al., 2012.
SA Brangus 0.23 Neser et al., 2012.
Boran 0.12 Wasike et al., 2009.
Bonsmara cross 0.14 Corbet et al., 2006.
Afrikaner 0.19 Beffa, 2005.
Nguni 0.29 Norris et al., 2004.
0.17 Van Niekerk et al., 2004,
Weaning Weight maternal Gudali 0.11 Ndofor-Foleng et al., 2012.
SA Brangus 0.11 Neser et al., 2012.
Bonsmara cross 0.19 Corbet et al., 2006.
Afrikaner 0.21 Beffa, 2005.
Nguni 0.16 Norris et al., 2004.
Yearling Weight Gudali 0.21 Ndofor-Foleng et al., 2012.
SA Brangus 0.22 Neser et al., 2012.
Boran 0.19 Wasike et al., 2009.
Tuli 0.18 Assan and Nyoni, 2009.
Bonsmara cross 0.26 Corbet et al., 2006.
Afrikaner 0.19 Beffa, 2005.
Nguni 0.25 Norris et al., 2004.
0.13 Van Niekerk et al., 2004.
Final weight Gudali 0.18 Ndofor-Foleng et al., 2012.
SA Brangus 0.29 Neser et al., 2012.
Bonsmara cross  0.42 Corbet et al., 2006.
Afrikaner 0.36 Beffa, 2005.
Nguni 0.13 Van Niekerk et al., 2004.
Mature weight SA Brangus 0.24 Neser et al., 2012.
Bonsmara 0.41 Nephawe, 2004
14
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Body measurements and weights at different ages and production stages are the most
common measurement for growth traits in beef cattle (Van Marle-Kdster et al., 2000).
These traits are positively and strongly correlated with efficiency of weight gain
(Crews et al., 2010) as shown in table 2.4.2.2.

Table 2.4.2.2 Genetic correlations (rg) between pre and post weaning growth traits in

beef cattle
Trait Genetic correlation ~ Reference
Birth and weaning weights 0.78 Neser et al., 2012.

0.70 Corbet et al., 2006.

0.45 Maiwashe et al., 2002.
Birth and yearling weights 0.57 Neser et al., 2012.

0.28 Bosso et al., 2009.
Birth and final weights 0.60 Neser et al., 2012,

0.45 Maiwashe et al., 2002.
Birth and mature weights 0.63 Neser et al., 2012,
Weaning and yearling weights  0.86 Neser et al., 2012.
Weaning and final weights 0.99 Neser et al., 2012.

0.71 Maiwashe et al., 2002.
Weaning and mature weights 0.94 Neser et al., 2012.
Yearling and final weights 0.85 Neser et al., 2012.
Yearling and mature weights 0.43 Neser et al., 2012.
final and mature weights 0.75 Neser et al., 2012,
Birth weight and average -0.04 Bosso et al., 2009.
weight gains from weaning to 0.28 Maiwashe et al., 2002; Van der
after yearling Westhuizen et al., 2004

0.29 Van der Westhuizen et al., 2009

The recording of feed intake and its utilization are also important due to the
association with growth rate and subsequently the influence on cost of feeding and
profit of the industry. However this trait is seldom included in selection objectives due
the difficulty associated with its direct measurement in large herd (Arthur et al., 2001;
Carstens et al., 2006). The Kleiber ratio was found to be highly correlated (e.g, -0.81)
with feed conversion efficiency in beef cattle (Arthur et al., 2001). Consequently, it is
often used as indirect way of selection for feed efficiency and expressed as post-
weaning average daily gain/mature mass °”° (Kleiber, 1947; Scholtz et al., 1990;
Koster et al., 1994).
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2.4.3 Carcass traits

Carcass quality has become one of the important determinants of price and purchasing
earning particularly in developed countries (Bredahl et al., 2001; Seroba et al., 2011).
In developing countries, the interest in carcass traits is mostly limited to researcher
and most of the breeding programs do not directly include carcass trait in their
breeding objective and criteria. The traits used to assess carcass quality include
marbling score, fat thickness, kidney, pelvic and the heart fat percentages, rib eye area
and yield grade, hot carcass weight and dressing percentage (Pariacote et al., 1998;
Rios Utrera and Van Vleck, 2004). These traits can generally be grouped into two
major quality classifications; cutability traits which include muscling and leanness
and quality traits represented by marbling (Anderson and Lewis, 1990). Carcass
quality differs between breeds (Chambaz et al., 2003) and is influenced by the plane
of nutrition and production system (Keane and O'Ferrall, 1992). Although carcass
traits have moderate to high heritability estimates, its inclusion in selection criteria is
hampered by the antagonistic genetic correlations between cutability and marbling
(Anderson and Lewis, 1990; Koots et. al., 1994a/b; Marshall, 1994), recording of
traits on large numbers of carcass is expensive, increase the likelihood of errors and
may reduce beef producers’ and processors’ interest in participating (MacNeil and
Northcutt, 2008; Crews et al., 2010). Moreover, there are no reliable tools to record
these traits except for Real-Time Ultrasound (RTU) which are still expensive as it
required trained personnel to be contracted. The genomic selection for carcass traits
would be useful and act as an additional tool for carcass evaluation in future (Garrick
and Saatchi, 2011; Montaldo et al., 2012).

2.4.4 Genetic evaluation

In order to successfully select beef cattle, preliminary information on the expected
performance of the progenies of the selected animals is required. The next step after
the measurement of phenotypic traits is the development of statistical methods and
computer hardware capable of storing and processing large data sets of one or more of
the recorded traits from a particular breed to predict the breeding values of individual

animal (Rauw et al., 1998; Johnston et al.,, 2007). The Best Linear Unbiased
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Prediction (BLUP) Animal Model has proven to be an effective evaluation technique.
The BLUP animal model combines information collected on individual animals, its
known relatives, the heritability of the performance traits and the correlations between
them to predict the genetic potential of individual animals for specific traits. The
predicted genetic potential of individual animal is shown as Estimated Breeding
Values (EBVS) that are expressed in units of measurement for each particular trait
such as kg; mm and days. This process involves partitioning of observed performance
into several effects, according to a model equation that describes the factors that
influence performance for a particular trait (Garrick and Golden, 2009). The EBV
therefore indicates the genetic potential of the animal for the specific traits. It
indicates the genetic difference between the individual animal and the herd or breed
standard to which the animal is being compared (Holloway, 2005).

The more performance tested relatives of an animal that are included in the BLUP
analysis, the more accurate the EBVs of that animal will be (Bergh, 2008a). Correct
assignment of a calf to its parents is therefore, one of the most important factors for
genetic evaluations, selection program and estimate of population structure parameter.
Incorrect recording of parentage/pedigree influences the accuracy of the EBVs
(Bergh, 2008a; Pollot, 1998) and inbreeding related parameters that may result into
reduce genetic progress (Van Eenennaam, 2012). The calculated EBVs are tools that
guide towards breeding objectives in pure breeding, crossbreeding and formation of
the composite breeds (Bill, 2007). The EBVs generated by the BLUP Animal Model
could be used to determine genetic trends as a response of selection by regression of
the average EBVs on the year of birth (Nicholas, 2003).

The need for pedigree recording in an animal recording program for breed
improvement becomes extremely critical when reproductive technologies such as
artificial insemination (Al) and embryo transfer (ET) are used to propagate the desired
genes across herds/populations. These reproductive technologies create powerful
opportunities for breed improvement by increasing intensity of selection through
increases in the number of offspring produced by selected sires and by providing
access to elite sires across many herds/populations. Therefore, objective animal
recording will help in monitoring the results of selection and improvement programs

and avoid the associated risks (FAO, 1998a). These parameters are however unique to
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the population in which they are estimated and they may change over time due to
selection and management decisions (Pico et al., 2004). Pedigree and performance
recordings are importance practical step towards genetic evaluation and selection
process and are conducted following some guidelines as discussed herein below.

2.5 Animal recording process

The converging goal in beef cattle industry is to genetically improve one or more
traits of economic importance as defined in the breeding objective. The first step after
the development of a breeding objective and selection criteria is to device appropriate
means for the recording of traits related to the breeding objectives. In practice,
livestock industries and their infrastructure for genetic improvement have developed
from historical foundations as systems for animal identification, pedigree recording,
performance recording, and genetic evaluation (Garrick and Golden 2009). This will
enable selection of superior candidates and optimize production efficiency in the
subsequent generation. Recording for beef cattle selection and improvement follows
some basic principles that start with a unique and permanent identification of
individual animals for efficient recording of parentage, performance data, storage,
management and use of the these data (ICAR, 2001). Animal identification is the
marking of individual animal or group of animals with a unique individual or group
identifier composed of records that ascertain animal ownerships and link animal to its
own profile (Besbes and Hoffmann, 2011). It is crucial and serves many purposes
including farm management, genetic improvement, biodiversity management,
prevention and control of zoonosis and other animal diseases, trade opportunities,
proof of ownership and theft control (Besbes and Hoffmann, 2011; Olori, 2012). The
main techniques used for permanent animal identification in the current livestock
industry include: branding (by fire or freezing), ear marking (by notching, tattooing
and ear tagging); electronic identification (radio frequency identification “RFID”
chips ear tag, & bolus) and natural characters, mainly DNA genotyping and retinal
images (Caja et al., 2004). Identification systems in Africa ranged from traditional
branding and ear marking in most of countries (ICAR, 2004a) to modern electronic
bolus in Botswana (Moreki et al, 2012).
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Internationally, an alphanumeric code is used, as a combination of two leading

characters or three numerical digits as country identification following the ISO

standard and a subsequent national alphanumeric or numeric sequence, providing a

unique identification within country. After unique identifications, other types of

animal related data by principle are required for efficient recording program as
summarized in table 2.5.1 (ICAR, 2001; 2012):

Table 2.5.1 Standard format for data recording program

Data Format
Invariable e The internationally unique ID of the animal (containing the code of the
animal data country of origin)
e The breed or breed composition of the animal
o Date of birth of animal
e Sex of the animal
e The ID of the animal's genetic parents
o ID of recipient mother, in case of embryo transfer,
o D of foster mother, in case of fostering
e ID of the other genetically identical animal(s), if the animal is an
identical twin or a clone.
Life  history [ a- The animal’s physical location
data e Animal ID
e Date of recording
e Recording person
e Actual location: farm ID (management-group within farm if applicable)
e Changing to: farm ID (management-group within farm if applicable)
e Code(s) for special events (e.g. weaned, died, slaughtered etc.)
b- The animal’s reproductive status,
e Animal ID
o Date of recording
e Recording person
e Actual location: farm ID (management-group within farm if applicable)
e Code of the reproductive event
e ID of other animal(s) involved (e.g. mating partner, calf, foster calf etc.
if applicable)
Recorded data | ¢  Animal ID or group of animals (if applicable)
o Date of recording (start/end of test period etc.)
e Recording person
e Actual location: farm ID or management-group within farm (if
applicable)
e Trait code
e Trait value
e Additional information pertaining to the animal (e.g. Age of thr animal)
e Additional information pertaining to the recording procedure

Source: ICAR, 2012
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Invariable animal data are the animal’s own specific data that are unchangeable from
birth throughout its lifetime such as date of birth and sex of the animal. The standard

format of such types of data is presented in table 2.5.1.

Life history data includes information on the status of the animal (alive or dead,
suckling or weaned) and its environmental management. These data are time critical
as they permit the retrieval of all information pertaining to management condition,
reproduction status and other relevant information from a specific animal at particular
date. Other performance related data like calving date and calving ease are assessed
concurrently with the relevant event in the life history and reported on the same
format. Adequate information on the general features of the system are included along
with life history as animal productivity is influenced by a range of inter-related factors
such as health and nutritional status, technical equipment used and contemporary
group which may set limits on the level of output. The animal’s physical location and
reproductive status are the two main areas of data that are needed to be collected and
permanently updated (ICAR, 2001; 2012). This data encompasses events such as
mating, insemination, embryo transfer and birth for females, and castration for males
(ICAR, 2012). The information on possible mates and mating dates should also be
recorded especially if the females were kept with one or several bulls during the
mating period.

Recorded data are directly recorded on an animal or animal group, which includes
both objective and subjective assessments (ICAR, 2001). The objective valuation of
information such as birth date, birth weight, weaning weight, yearling weight, heights
and length of body, scrotal circumference and other traits are measured using
international technical equipment like kilograms and metric system (ICAR, 2012).
Subjective assessments are used to obtain values on traits/characteristics that could be
measured, but exact measurements may not be possible because they are too difficult
or too expensive to record such as carcass dressing percentage and quality (Hui, 2012;
ICAR, 2012). This assessment requires trained personnel to ensure its accuracy and
also needs regular base verification for the data quality purpose. In any recording
scheme, it is critical to define each recordable trait with two or three uniform letters to
specify trait codes for international standard. Regardless of the type of recorded trait,

the possible standard format is illustrated in table 2.5.1. Principally, the value of
20

© University of Pretoria



recorded traits should strictly reflect the actual measurement, count or subjective
score. However, if traits need to be standardized, the raw data are adjusted to a
defined age, weight, or length of testing period to comply with the defined standard.
For example a number of performance traits are derived from a combination of
recorded traits such as daily gain in the test period which is the difference between
weight at the end and weight at the start of the testing period, divided by the
difference of age at the end and the age at start of testing period, expressed as gram
per day or Kg per year. The recording of such type of performance traits could be
conducted either on-farm or station depending on trait definitions (ICAR, 2012).
Animal recording could therefore, be defined as the process by which data pertaining
parentage, performance, characteristics and other relevant data are collected and
systematically stored for appropriate use (Besbes and Hoffmann, 2011). This
information could be grouped in to three types of data namely pedigree, performance
and management data that form the profiles of individual animal’s and their
ancestries’ and are usually kept by the breed society or studbook. The information
included in Pedigree, Performance and management records are animal identification,
birth date, breed, sex, owners, traits EBVs, health, feed consumption and other related
information. In order to establish successful animal recording scheme, certain
activities are needed to define the overall structure of the scheme and its success as
shown in the figure 2.5.1 (FAO, 1998a).
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Figure 2.5.1: Planning of Animal Recording Systems (FAO, 1998a)
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2.5.1 Animal recording systems in developed countries

Animal recording systems evolved in developed countries over several decades in
high input animal production systems as the primary tool of pure breed genetic
improvement programmes (Flamant, 1998; Djemali, 2004). It was one of the practical
steps for the development of the present modern breeds characterized by high
production efficiency (Flamant, 1998; Guellouz et al., 2004). Developed countries
have specialised organisations that undertake and supervise livestock recording and
evaluation effectively. These organisations maintain large animal pedigree and
performance data bases structured according to the latest scientific developments and
computing systems for analysis (FABRE, 2006). The recorded data are collected and
submitted electronically to the central data base for genetic evaluation. The
organizations run the genetic evaluations and provide EBVs for growth, reproduction,
carcass (Mason and Buvanendran, 1982) and composite traits (Mwansa et al., 2002)
to guide farmers in the selection process. The data used to derive EBVs are collected
from different testing stations such as on farm performance testing, progeny testing
and Nucleus or group breeding schemes (Mason and Buvanendran, 1982). The EBVs
and other management information derived from recorded data are used for selection
of bulls and bull mothers to produce bulls and replacement heifers, development of
extension systems, and national strategies for livestock development and appropriate
decision making (Trivedi, 1998; Djemali, 2004).

With the current development in DNA-based technology, accurate selections based on
genomic breeding values (GEBVs) are now possible in developed countries. Several
organizations in North America are in the process of implementing genomic breeding
values for quantitative growth and carcass traits in beef cattle using Bovine SNP50
genotypes and phenotypic or EBV data (Van Eenennaam et al., 2009; Weber et al.,
2012b; Pollak et al., 2012). This DNA technology therefore offers an additional tool
for accurate genetic evaluation. Genomic breeding values (GEBVs) have potential for
traits that have been more difficult to measure by the existing recording techniques
(Williams, 2012; Weber et al., 2012a). Moreover using DNA microsatellites or SNPs
to determine parentage allows seed-stock farmers to produce their own young sires by

developing bull-breeding herds and resolve the discrepancies of paternity of calves
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produced by multi-sires in Al or natural breeding systems (Dodds et al., 2005; Pollak,
2005; Weber et al., 2012b).

In spite of all these advances, recording systems in beef cattle schemes are not as
uniform as that of the dairy industry due to the diversity in environment, management
and production systems (Mason and Buvanendran, 1982; Journaux et al., 2006). The
specialised organisations that monitor collection and evaluation of beef cattle pedigree
and performance records in developed countries include the National Beef Cattle
Evaluation Consortium (NBCEC) in the USA and Canada (Garrick and Golden, 2009;
Bullock et al., 2003), BREEDPLAN genetic evaluation system in Australia, New
Zealand and Canada (Reverter et al., 2002), Irish Cattle Breeding Federation Society
Ltd. (ICBF) in Ireland, (Wickham and Durr, 2011), Meat and Livestock Commission
(MLC) in UK and Institute de I’Elevage in France (Phocas et al., 2004).

2.5.2 Animal recording system in developing countries

In contrast, animal recording systems have not been used efficiently in most
developing countries and Sub-Saharan Africa in particular. In a survey conducted to
assess the status of animal identification and recording systems in developing
countries and countries with economies in transition, the majority of countries
surveyed have simple ownership identification systems (e.g. branding) with very few
having electronic systems in place (e.g. microchip bolus system). Unfortunately, the
majority of these countries only used animal identification for traceability rather than
performance recording systems (Banga et al., 2010). The lack of such schemes in
most developing countries is one of the hindrances affecting the contribution of the
livestock sector to food production and income generation (Scholtz et al., 2010).
Several efforts were made to improve indigenous breeds through importation of exotic
breeds from developed countries. The promotions of these indigenous breeds and their
crosses have seldom proved successful owing to the diverse and harsh environments
in Sub-Sahara Africa (Mpofu, 2002). Cross breeding or breed upgrading predisposes
the local breeds to the risk of genetic dilution or replacement and ultimately less
adaptability and resiliency. Temperate breeds lack the genetic characteristics of heat

tolerance, resistance against many of the tropical diseases and ability to survive long
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periods of feed and water shortage (King et al., 2006). All these genetic properties are

crucial for successful animal production in the tropics (Syrstad, 1992).

Development of proper improvement schemes in Sub-tropical Africa is a challenging
task, due to lack of policy frameworks to support sustainable breed improvement
programs (Scholtz et al., 2010; Wasike et al., 2011), lack of human capacity (Kahi et
al., 2005; Philipsson et al., 2006; Rege et al., 2011; Ojango et al., 2010), absence of
well-structured breeding programs (e.g. recording systems, breeders organisations),
and implementation strategies (Philipsson et al., 2006; Ojango et al., 2010), small
herd size and poor recording of accurate pedigree and performance data (Martojo,
2003; Kosgey and Okeyo, 2007; Burrow, 2012).

It has been advocated that gradual introduction of an animal recording program into
low-input extensive production systems through the establishment of open nucleus
breeding schemes would overcome some of these problems (Cunningham, 1980;
Smith, 1988; Bondoc and Smith, 1993; Trivedi, 1998). The introduction of animal
recording programs should be conducted through extension programs and
encouragement of stakeholders in the recording management and promotion of farmer
groups or cooperatives (Trivedi, 1998). The few effective genetic improvements
programs in Sub-tropical Africa are found in Southern Africa, where the improvement
programs are being managed and supervised by SA Studbook (Scholtz, 2010),
BreedPlan (Reverter et al., 2002) and the Kaonafatsho ya Dikgomo improvement
Scheme for small and upcoming farmers that is being supported by the government
and managed by the ARC (Banga, 2002). The Kenyan Boran breeding scheme in
Eastern Africa is being run by private farmers initiatives under the umbrella of breed
society in corporation with other government institutions and national agricultural
research organizations such as livestock recording centre (Rewe et al., 2008; Koskey
et al., 2011) and the Ndama cattle breed of Western Africa is being managed by
private farmers or a private Company like International Trypanotolerance Centre
(Dempfle and Jaitner, 2000; Bosso et al., 2009). Brazil is one of the exemplary
countries in Latin America; which have successful beef breeding schemes that are run
by universities together with private companies such as EMBRAPA ‘Brazilian
Corporation for Agricultural Research (Scholtz et al., 2010). In most of the South

Asian and Pacific countries the successful improvement programs are being managed
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by non-governmental organizations, cooperatives and private companies such as
AMUL in India and BMPCUL in Bangladesh (Herath et al., 2009).

2.6 Design of a breeding program for beef cattle

The first important step towards the establishment of animal selection program for
genetic improvement is the setting of breeding objectives. Definition of breeding
objectives will help in deciding what traits of relevant importance should be recorded.
This will be followed by development of a breeding structure. Breeding structure is
the organizing component that enables regular recording of traits, genetic evaluation
to derived EBVs, selection and dissemination of the improved animals to establish
broad based improvement program. The traditional breeding structure for most breeds
of livestock is commonly represented by a pyramid which was initially characteristic
to pig and poultry breeding structures (Newman, 2011). The pyramid may consist of
two or more tiers namely nucleus and multiplier or commercial herds or all the three
(Bourdon, 2000; Nicholas, 2003). In beef cattle industry straight breeding programs is
mostly applied at the nucleus which composed mainly of breeders who generate sires
to produce sires (SS pathway) and dams to produce sires i.e. DS pathway (Bill, 2007;
Newman, 2011). The nucleus composed of small number of elite animals (seed stock)
from the national cattle population and it is where basic recording of performance and
pedigree data, as well as selection take place (Pollak, 2005). At the nucleus, individual
animals with desirable traits are used for breeding to produce offspring with improved
characteristics, which may in turn be selected for breeding future offspring or are sold
(usually males) to multipliers or directly down to commercial tiers (Nicholas, 2003;
Bourdon, 2000). The general design of the traditional breeding pyramid is shown in
the figure 2.7.1.
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Figure 2.7.1: Trditional Breeding structure for livestock adapted from Nicholas, (2003)

Curved arrows: Selected breeding animals in the nucleus; Downward arrows: Transfer of genetic material from
nucleus to multiplier or direct to commercial in case of two tiers; Specked upward arrow: Movement of
information and outstanding female animals from lower tiers to the nucleus in case of open nucleus.

There are two types of nucleus breeding herds; closed and opened nucleus systems.
The closed nucleus breeding system is characterised by one way genes flow within the
pyramid from top to bottom making it the only source of genetic progress for other
tiers (Nicholas, 2003). The open nucleus breeding scheme is a reciprocal breeding
system in which females with good performance could flow from the lower tiers to
the nucleus where they are mated with the best available sires and at the same time
they receive improved genetic material from the top tier leading to a two-way flow of
genes. Such type of breeding scheme would result in a better breed improvement than

would be possible in individual herds (Kohler-Rollefson, 2004).

In a well organised open nucleus breeding scheme, the response to selection would
increase by 10-15 percent, and the rate of inbreeding would be halved compared with
a closed nucleus scheme of the same size (Nicholas, 2003). Additionally it will
integrate farmers’ resources, reduce overhead costs and encourage more farmer
participation (Bondoc and Smith, 1993). However, this will be more feasible and
efficient only if performance recording had been conducted in lower breeding tiers
(Van der Werf, 2000). Open nucleus system could therefore; concurrently increase
selection intensity and within breed genetic diversity as a result of the new genotype

introduced from the lower tiers.
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The primary function of the multiplier herd is to expand or replicate the genetic
material of the elite sires of the nucleus herd in to greater numbers and to pass them
on to the commercial herds (Intaratham, 2002). The multiplier may consist of either
one or more tiers of purebred or cross bred animals as males and sometimes females
from one or more nucleus could be obtained with the aim of producing sufficient
breeding stock to satisfy the demands in the commercial tier (Nicholas, 2003). The
recording of performance and pedigree data could also take place in the multiplier
tiers (Newman, 2011). The progress in the improvement of the national herd
therefore, depends on the efficiency of selection in the nucleus and multiplier
segments. It takes time for genetic improvement in one tier to be transmitted to the
next tier and the resultant difference in average performance between any two
adjacent tiers is called the improvement lag which is expressed in terms of the number
of years of the genetic improvement represented by the difference in performance
between adjacent tiers. Improvement lag is affected by the age structure in the lower

tiers, and the merit of sires and dams used in the lower tiers (Nicholas, 2003).

The commercial herds large commercial producers and smallholder farmers. They
need good sires and usually their sources for genetic materials are the commercial
bulls bred by stud breeders (Intaratham, 2002). The majority of the existing organized
cattle breeding programs in developing countries are implemented by government
institutions through nucleus herds on state farms and only few countries in this region

have governmental breeding programs that involve direct participation of the breeders

2.8 Conclusion

Animal recording is a systematic, highly interlinked and interdependent process that

cements the baseline information on animals’ performance, facilitates comparison of

production alternatives, and reinforces animal management decisions as well as

genetic improvement programs (FAO, 1998a). Animal recording offers several

benefits to various animal stakeholders which include:

e The Government and indirectly the world, through characterization of livestock
production potential to enhanced food security, more competitive trade and greater

social stability.
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e The farmers, through increased income, better management and maintenance of a
sustainable rural economy and by extension the consumers, through improvements
in quantity and quality of animal products.

e Animals, through conservation of biodiversity between and among breeds for
sustainable utilization.

Accordingly, animal recording constitute one of the major indispensable prerequisites

towards any developmental decision aimed at improvement, management and

conservation of animal genetic resources in any country.
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Chapter 3
Materials and Methods

3.1 Introduction

Modern beef cattle breeding is characterised by interlinked activities which include
recordings of pedigree and performance data, genetic evaluation, selection of superior
candidates and production management. These recorded data are means to drive
change in cattle populations and could also be used to monitor the dynamics occurring
in the population under selection program. The aim of this study was to investigate
population parameters of different African beef cattle breeds of larger and smaller
population numbers in South Africa that are subjected to animal recording program
and assess the potential of animal recording in maintenance of genetic diversity and

genetic improvement.

3.2 Data

The South African breeds used for this study are indigenous to the African continent
namely Afrikaner, Boran, Drakensberger, Nguni and Tuli. Brief histories about these
breeds are given herein below. The data used comprised pedigree and EBVSs
(Estimated breeding values) of measured economic importance traits of the selected
breeds. The data were obtained from SA Studbook with consent of the breeders.
Moreover, approval from the Ethics committee (Faculty of Natural and Agricultural
Sciences) was obtained to ensure compliance with the research ethics and Integrity of
the University of Pretoria (EC130424-038).
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3.3 Synopsis of the studied breeds

The indigenous African cattle breeds comprised of Sanga, Taurine, Zebu, Zenga and
composite breeds as documented by many studies (e.g. Meyer, 1984; Rege, 1999;
Strydom et al., 2001; Hanotte et al., 2002 and others). Five indigenous African beef
cattle breeds representative of Sanga, Zebu and composite breeds in South Africa

were used in this study.

The Afrikaner breed: The Afrikaner breed (also known as Africander) is a Sanga
type cattle and one of the most pivotal beef breeds. It was developed from Hottentot
cattle in the Cape Province of South Africa (Rege and Tawah, 1999; Scholtz, 2010).
The Afrikaner is one of the oldest recognized indigenous breeds as well as the first
indigenous South  African breed to form a breed society in 1912
(www.afrikanerbees.com; Scholtz, 2010). The Afrikaner was initially used for
draught, meat and milk; however in the past few decades its breeders have extended
their effort on recording economically important traits to meet the dynamics in the
modern beef industry (Scholtz, 2010). The Afrikaner is much desired for
crossbreeding due to their hardiness, calving ease and grazing efficiency (Scholtz,
2010). It is a medium-framed animal with dark to light red colour, brawny thighs,
well-muscled withers, and deep broad chest with round ribs and spread horns or
polled head in the newly developed types (Rege and Tawah, 1999). The male’s and
female’s average birth weight, weaning (210 days) weight and mature weight are
34kg, 210kg, 820-1090kg and 32kg, 195kg, 550-730kg respectively
(www.indigenousbreeds.co.za/indigenousbreeds/cattle). The Afrikaner cattle breeders’
society is among the active cattle breed societies that engaged in pedigree and
performance recording with SA Stud Book and the ARC (Scholtz, 2010).
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The Nguni breed: The Nguni is a Sanga type cattle breed which was originally bred
along the east coast of Southern Africa by the Nguni tribes in Mozambique,
Swaziland, Zimbabwe and Zululand in South Africa (Scholtz, 2010). It is
characterised by medium size, multi-coloured skin, resistant to infection, tolerant to
heat, good mother line, good fertility under harsh conditions with low calf mortality,
good temperament, and ability to thrive on low quality grazing
(www.ngunicattle.info; Scholtz, 2010). The male’s and female’s birth weight,
weaning (210 days) weight and mature weight are 27kg, 165kg, 600-800kg and 24kg,
148kg, 350-500kg respectively (www.indigenousbreeds.co.za).

The first effort to breed Nguni cattle in South Africa was initiated by the late
Professor HH Curzon in 1932 which culminated with the establishment of the Bartlow
Combine breeding station in the late 1940’s (Nguni Facts at www.nguni.info). In
1985 the Nguni Cattle Breeder’s Society was accepted as a member of the South
African Stud Book and Livestock Improvement Association after the appreciation and
acknowledgement of the of breed (Nguni Facts at www.nguni.info). The Nguni was
originally being used for beef, milk and as draft animal, and then later it progressively
became a popular beef breed after the establishment of the breeders Society. The role
of Nguni Cattle Breeders’ Society is to endeavour the conservation and enhancement
of the unique characteristics of the Nguni breed, promote the growth and proliferation

of Nguni herds in Southern Africa, and to serve the needs of society members in

achieving this mission (www.ngunicattle.info).

Figure 3.3.2: Nguni cattle breed (Www.ngunicattleinfo)
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The Tuli breed: The Tuli is an indigenous Southern African Sanga beef cattle breed.
It is widely spread even beyond the African continent to Australia, Canada, USA and
South America as commercial herds (www.studbook.co.za; Mpofu, 2002). This breed
was developed and improved from Twsana cattle indigenous to Zimbabwe under the
auspices of Mr Len Harvey while working as land development officer at the Ministry
of Internal Affairs in around the end of 1940s (www.studbook.co.za). Mr Len
Harvey’s reservation on the viability of upgrading indigenous breeds with European
breeds in the harsh ecological conditions of Africa and his observation of the better
adaptability and superiority of the Tuli breed to other breeds in the local
environmental conditions, had led to the establishment of Tuli Breeding Station in
1945 at Guyu in Zimbabwe (Mpofu, 2002). The initial idea of the Tuli Breeding
Station was to breed bulls to assist in improving African stock, but later the
commercial farmers developed interest in the breed and started purchasing bulls from
the station (www.studbook.co.za; Mpofu, 2002). The Tuli cattle Breeder’s Society of
Zimbabwe was formed in 1961 and Tuli as a breed was imported into South Africa in
the 1970’s. The South African Tuli cattle breeder’s society was officially formed only
later in 1994 and is linked to South African Stud Book (www.studbook.co.za; Scholtz,
2010).

The Tuli breed is a descendant of Sanga cattle, naturally polled, hardy, adaptable,
short haired and naturally resistant to both internal and external parasites. Its colours
are white, yellow, red and blends of these colours. It has medium size with a long,

deep and broad body, strong legs and a docile temperament (www.studbook.co.za;

Scholtz, 2010). The male’s and female’s birth weight, weaning (210 days) weight and
mature weight are 35kg, 210kg, 750-1000kg and 31kg, 185kg, 450-550kg
respectively (www.indigenousbreeds.co.za).

A i) A\ N
Figure 3.3.3: Tuli cattle breed (www.studbook.co.za)
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The Boran breed: The Boran is a Zebu cattle breed that was developed in the semi-
arid and arid pastoral Borana plateau of southern Ethiopia and then spread to the
eastern rangelands in Ethiopia, northern Kenya and south western Somalia (Haile et
al., 2011). The Boran cattle population is composed of unimproved groups, namely
the Borana and Orma Boran and improved group known as the Kenyan Boran (Rege
et al., 2001; DAGRIS, 2007). The unimproved Boran is found in subsistence and
semi-commercial production systems in Ethiopia, Kenya and Somalia (DAGRIS,
2007; Haile et al., 2011), whereas the improved ones was developed in Kenya and are
found in commercial beef ranching systems (Rewe, 2009). The unimproved Boran are
typical Bos indicus type cattle while the improved Boran genetic makeup was found
to consist of 64% Bos indicus, 24% European Bos taurus and 12% African Bos
taurus (Hanotte et al., 2002). It is has a good body conformation, multiple colours
mainly white, light grey, fawn or light brown with grey, black or dark brown shading
on head, neck, shoulders and hindquarters. The horns are thick at the base, very short,
erect and pointing forward and the humps are pyramidal in shape and overhanging to
the rear or to one side and are well developed in the male (Haile et al., 2011).

The Boran breed is one of the most important indigenous cattle breeds in Kenya that
has establish an organised management and strategic breeding program under the
Boran Cattle Breeders’ Society since 1951 (www.borankenya.org; Rewe et al., 2008).
The Boran Cattle Breeders Society (BCBS) activities involved administration,
maintaining breed standards, and searching for new markets for both genetic material
and beef (Rewe, 2009). The combined efforts of the Boran cattle farmers and the
Boran Cattle Breeders Society (BCBS) have led to the spontaneous Boran
improvement program and distribution in Kenya and other countries such as Zambia,
Tanzania, Uganda, South Africa, Australia and USA (www.boranKenya.org; Mpofu,
2002; BCBS, 2013). It has become a popular choice for breeders in Eastern and
Southern Africa due to its superior adaptive, productive traits and mothering ability
(Kios et al., 2012). It is characterised by greater ability to survive, grow and
reproduce in ambient temperature, poor feed quality and high pathogen incidence than
Bos taurus and other Bos indicus breeds in their native areas (Mwandoto et al., 1988;
Davis, 1993; Herlocker, 1999). At birth, male Boran calves weighed an average of
28kg and females, 25kg whereas the average weaning weights for both male and

female are 220kg and 210kg respectively (BCBS, 2013). The mature weight of the
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male Kenyan Boran ranges from 550 to 850 kg, while female weight is from 400 to
550 kg (Rege et al., 2001). The Boran cattle was accepted as a breed by the South
African Department of Animal Improvement in 1995 and the Boran Cattle Breeder’s
Society of SA was founded in 2003 (www.boran.org.za).

Figue 33.:oran cattle beed (.branKenya.org)

The Drakensberger breed: The Drakensberger is a composite breed developed from
unknown proportions of three local breeds namely Africander, Basuto and Zulu as
well as Friesian cattle (www.cdad-is.org.cn.) It was previously called Uys cattle, a
name given after the Uys family who started farming them in the Volksrust area. This
name was only changed to Drakensberger in 1947 when the Drakensberger Cattle
Breeder’s Society of South Africa was established. The name Drakensbergers was
preferred due their widespread concentration in the sour-veld Drakensberg region
(Drakensberger Handbook, 2011). In 1969 the Drakensberger Cattle Breeder’s
Society was annexed to the SA Studbook as an associate member, and in 1972 as full
member. In 1980 the breeder’s society decided to make performance testing
compulsory for membership confirmation. This decision had enabled them to be the
first cattle breeder’s society to launch BLUP (Best Linear Unbiased Prediction)
analysis in South Africa, as the whole breed was subject to performance testing
(Scholtz, 2010; Drakensberger Handbook, 2011).

The present day smooth black coat; medium to large, sturdy and well-muscled
Drakensberger of good temperament was developed as the results of a total shift to
beef production through emphasis on economically important traits such as
adaptability, fertility, milk production, longevity, growth ability, feed efficiency and

carcass quality alongside with the uniformity and general appearance (Scholtz, 2010;
35

© University of Pretoria


http://www.boran.org.za/
http://www.borankenya.org/

Drakensberger Handbook, 2011). The Drakensberger has also proved to be a good
dam line for crossbreeding (Scholtz, 2010; Drakensberger Handbook, 2011). The
male’s and female’s birth weight, weaning (210 days) weight and mature weight are
36kg, 240kg, 850-1100kg and 34kg, 210kg, 450-650kg respectively
(www.indigenousbreeds.co.za). The Drakenberger is widely disseminated in South
Africa and also have presence in other countries such as Namibia, Swaziland,
Zimbabwe, Equatorial Guinea and Australia (Scholtz, 2010; Drakensberger
Handbook, 2011).

o"{
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Figure 3.3.5: Drakensberger cattle breed (Drakensberger Handbook, 2011)

Conservation and sustainable use of animal genetic resources form the integral part of
modern animal breeding programs in sub-Sahara Africa. The contrasting
environments of Africa, natural and artificial selection have developed adapted
indigenous cattle breeds that embrace a unique reservoir of genetic resources
necessary for sustainable improvement of livestock (Hanotte et al., 2000; Woolliams
et al., 2008). Therefore, conservation or maintenance of the genetic diversity of these
cattle breeds will be an insurance against unpredicted future change in demand for
livestock products, environmental changes, threats of diseases (Woolliams et al.,
2008; Hoffman, 2010), preservation of indigenous livestock gene pool diversity,
cultural and social values of rural people (Mendelsohn, 2003; Anderson, 2010).
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3.4 Methods

The parameters used to investigate the consequences of selection program on beef
cattle breeds include analyses of genetic structure based on pedigree information
(Boichard et al., 1997; Gutiérrez et al., 2003; Van Doormaal et al., 2005; Leroy et al.,
2013). The genetic trends can be assessed from the averages of the estimated EBVs of
economically importance traits (Snelling et al., 1995; Plasse et al., 2004; Johnston,
2007; Barwick, et al., 2013).

3.4.1 Genetic structure

The total numbers of animals with pedigree records available from SA Stud Book are
presented in table 3.4.1.1. Pedigree records were available from as early as 1912 for
the Afrikaner. Limited pedigree information was available before establishment of
breed societies. The breed societies of the five breeds were established in different
year as shown in table 3.4.1.1.

Table 3.4.1.1 Total number of animals in the pedigree of five indigenous African beef

cattle breeds

Breed Establishment of Breeders society =~ No of animals with pedigree records
Afrikaner 1912 247 173

Boran 2003 57 561

Drakensberger 1972 198 557

Nguni 1985 256 692

Tuli 1994 55 309

The pedigree records for each breed was uploaded separately into a POPREP software
system online through the website http://popreport.tzv.fal.de provided by the Institute

of FLI-Farm Animal Genetics in Germany. The input data consisted of unique
identification of all animals, the sire 1D, dam ID, birthdate, and sex. These data sets
were in a format required by POPREP software for computation processes
(Groeneveld et al., 2009). This study concentrated on a number of population
parameters namely pedigree completeness, generation intervals (Gl), inbreeding,

additive genetic relationship (AGR), Age structure of parents by birth of offspring,
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distribution of dams by parity number, number of breeding animals and effective

population size (Ne). These parameters were computed as follows:
3.4.1.1 Pedigree completeness

Pedigree completeness is a parameter used to examine the quality of a pedigree and
was measured as the extent to which individual animal ancestries are known to some
defined generation over a period of time in the past (Groeneveld et al., 2009). The
pedigree completeness was calculated based on algorithm index proposed by
MacCluer et al., (1983) and adapted by Groeneveld et al., (2009) using the formulae:

Id = 4ldpaeldmae/Idpar + Idmqe ANd Idy = =% a; k= pat, mat

Where k represents the paternal (pat) or maternal (mat) line of an individual, a; is the
proportion of known ancestors in identified generation, whereas d is the number of
generations considered in the calculation of the pedigree completeness. The values for
pedigree completeness were expressed as percentage per generation range from 0 to
100.

3.4.1.2 Generation interval

Generation interval (L) was defined according to Falconer and Mackay, (1996) as the
average age of the parents at the birth of their selected offspring. It was calculated by
taking the age of each of the parents at the birth of its offspring and averaging it over
the age of all parents (Groeneveld et al., 2009). Selected offspring and those who
produced at least one progeny were the only ones considered during computation. The
generation intervals for each of the four selection paths (i.e. Sire to son, Sire to
daughter, Dams to son and Dam to daughter), males, females and the whole

population in the pedigree records were calculated for each respective breed.
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3.4.1.3 Age structure of parents and distribution of dams by parity number

To determine the rate of genetic progress in the population, the total number of sires
and dams contributing to the cohort/group of individual in the successive generation
was broken down by age. Moreover, the total number of dams contributing to the
cohort was broken down by parity to distribute them by parity number (Groeneveld et
al., 2009).

3.4.1.4 Numbers of breeding animals and effective population size

The numbers of breeding animals influence the dispersion of allele frequencies in a
population and thereby determine the effective size. The numbers of breeding animals
were counted on the year of birth. Animal is considered as a breeding animal when
having a service record or showing up as parent in a birth record of an offspring
(Groeneveld et al., 2009).

Effective population size (Ne) was referred to as the number of breeding animals in an
idealized population, which would give rise to the same rate of calculated or observed
inbreeding (AF), as observed in the real population (Falconer and MacKay, 1996). It
was estimated from individual increase in inbreeding according to Falconer and

Mackay (1996) using the formula:

Ne = 1/ 2AF

Where AF is the rate of inbreeding coefficient

3.4.1.5 Inbreeding

The inbreeding coefficient (F) and its rate of change (AF) are means to quantify the
increase in pairs of homozygous genes in an individual relative to its population

(Groeneveld et al., 2009). The inbreeding coefficient was computed for all animals in
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the whole pedigree of each respective breed to estimate the average rate of changes as
described by Falconer and Mackay, (1996):

AF = (Fy -Fi—1) / (1 - Fi—1)

Where F: and F.1; are the average inbreeding of offspring and their parents,
respectively.

3.4.1.6 Additive genetic relationships

The additive genetic relationship (AGR), as the total average genetic relationship
between individuals in a contemporary group of animals in the whole pedigree file,
within each breed, was computed using the PEDIG Fortran package of Boichard,
(2002). The additive genetic relationships coefficients were used to compute the rate

of change of the AGR (Af) per generation using the equation:
Af = (fi-fe1)/ (1- fr1)

Where f; and fi.1; are the average additive genetic relationships of the cohort born in

generation t (Groeneveld et al., 2009).
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3.4.2 Genetic trends

The estimate of breeding values for pre-weaning and post weaning growth traits of the
five breeds (Afrikaner, Boran, Drakensber, Nguni and Tuli) were used to estimate the
genetic trends. The EBVs were available for all traits for all breeds except Boran
breed where only birth and growth weight data were available. The reference year
considered in the EBVs data was 1986 in respect to the start of INTERGIS (Integrated
Registration and Genetic Information System Database). The SAS software (SAS,
2010) was used to retrieve the animals with EBVs and measurements for selected
traits between 1986 and 2012. The EBVs for each trait was averaged on birth year
using SAS software (SAS, 2010) to investigate the genetic trend. In table 3.4.2.1 the
available numbers of animals with EBVs of traits measured for five indigenous

African beef cattle breeds are shown.

Table 3.4.2.1 Available number of animals with EBVs of traits measured for five
indigenous African beef cattle breeds

Trait (EBV) Number of animals
Afrikaner Boran  Drakensberger Nguni  Tuli

Birth weight direct (kg) 201247 48400 113703 47 499 54 207
Birth weight maternal (kg) 232 941 69 080 113748 48 329 56 917
Weaning weight direct (kg) 216 386 42734 114025 48 403 52583
Weaning weight maternal(kg) 188 943 42174 114021 48 400 43575
Yearling weight direct (kg) 204 248 36028 113644 47044 49921
Final weight direct (kg) 199365 31399 113026 46 355 47662
Mature weight direct (kg) 117 169 25020 102229 45229 41920
Kleiber ratio (kg) 194 950 - 111 229 43393 37533
Scrotal circumference (mm) 193 708 - 111 560 43225 43190

3.4.2.1 Description of traits

Traits used in this study include traits that were described by Bergh, (2008b) and Rust
et al., (2010) and are grouped into reproduction, growth and feed efficiency.

Reproduction
e Birth weight direct EBV (kg): This EBV is an indication of the calf's genetic
ability for birth weight. Animals with lower breeding values will possibly breed
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progeny with lighter birth weights and consequently a smaller chance of calving
problems in the mothers. Bulls with higher EBV values for birth weight are

expected to sire calves heavier at birth than bulls with lower EBVs.

Birth weight maternal EBV (kg): This EBV measures the cow's genetic ability to
limit the growth of a calf until birth avoiding calving problems naturally. The
maternal EBV of a bull is an indication of its daughters' ability to limit the birth
weight of their offspring. Lower birth weight maternal EBV reflects good
maternity for easy delivery and vice-versa.

Scrotal Circumference EBV (mm): This EBV is an indication of the animal's
genetic ability for scrotal size as measure of fertility. Bulls with small scrotum or
low values for scrotal circumference are probably sub-fertile as compared with

bulls of a large scrotal circumference or high values for scrotal circumference.

Growth

Weaning Weight Direct EBV (kg): This EBV is an indication of the animal's own
genetic ability to grow until weaning age. Bulls with above average weaning
weight direct EBVs are optimum since their calves will likely attain high weaning
weights. Bulls with higher EBV values for weaning weight are expected to sire
calves heavier at weaning than bulls with lower EBVS.

Weaning Weight Maternal EBV (kg): This EBV is an indicator of a cow's (the
calf's mother) genetic ability (primarily milk production) to create an environment
in which her calves can grow optimally. The weaning weight maternal EBV of a
bull is an indication of his daughter's maternal ability to wean heavy calves. Bulls
with above average weaning weight maternal breeding values are favoured to
breed daughters with good maternal ability that could wean heavy calves. Thus
this EBV values reflect both the milking ability of daughters and growth potential

of their calves.

Yearling Weight (12 months weight) EBV (kg): This EBV is an indication of the
animal's genetic ability to grow until one year of age. Bulls with average to

slightly above average yearling weight EBVs for average sized animals are

42

© University of Pretoria



favoured. Bulls with higher EBV values for yearling weight are expected to sire

calves heavier at one year of age than bulls with lower EBVs.

Final weight (18 Months weight) EBV (kg): This EBV is an indication of the
animal's genetic ability to grow until 18 months of age. Like yearling Weight,
bulls with average to slightly above average 18- month weight EBV for average
sized animals are ideal. The 18 Months weight EBV also determines to some

extent the mature weight of an animal.

Mature Weight EBV (kg): This EBV is an indication of the animal's genetic
ability for mature weight. Mature animal with average breeding values is likely to
breed average sized animals. The mature weight EBV was the combination of 3
EBVs (mature weight 1, mature weight 2 and mature weight 3) at weaning of the

first three calves.

Feed efficiency

Kleiber Ratio: This EBV is an indirect indication of the animal's genetic ability for
feed conversion efficiency, measured in extensive post wean growth test. Animals

with a higher breeding value are more efficient.
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Chapter 4

Results and Discussions

4.1 Introduction

The aim of this study was to investigate different African indigenous beef cattle
breeds that have been participating in animal recording and assess the effectiveness of
animal recording in genetic management of beef cattle.This assessment was
conducted through analysis of both pedigree and performance data of Afrikaner,
Boran, Drakensber, Nguni and Tuli breeds from South Africa. The five breeds
differed in population size and level of participation in official animal recording. The
results of the above analysis have given insight with regard to the effect of the

recording system for genetic improvement in the five breeds studied.

4.2 Genetic structure

The population parameters considered in the analysis of genetic structure in this study
were pedigree completeness, inbreeding, additive genetic relationships, number of
breeding animals and effective population size considering the whole pedigree of each
breed. The trends for these population parameters were presented for the time period
from 1986 to 2012. This is due to the small numbers of animals in the pedigree before
the year 1986.

4.2.1 Trends of number of offspring and pedigree completeness

The evolution in the number of offspring born in the original pedigree file is
illustrated in figures 4.2.1.1 for each breed per year of birth. The pedigree
completeness for the offspring in the original pedigree file was investigated up to six
generations deep as the percentage of known ancestors per parental generation in the
whole data set of Afrikaner, Boran, Drakensberger, Nguni and Tuli breeds. The
evolution in the pedigree completeness is illustrated in figures 4.2.1.2 to 4.2.1.6 and
table 4.2.1.1 and 4.2.1.2 for each respective breed.
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Figure 4.2.1.1: Trends of number of offspring for five indigenous African beef cattle breeds

The number of offspring in the pedigree file of the Afrikaner and Drakensberger
breeds have decreased drastically since late the nineteen nineties from 8 000 and 7
643 to approximately 2000 and 3 874 offspring in 2011 respectively. The number of
animals registered in the pedigree of Boran breed has increased, gaining momentum
after the year 2000 and reached approximately 8 000 animals. The trend of the
number of offspring in the pedigree file of Nguni breed has increased steadily and
reached about 20000 in mid-2000’s, then stabilized and declined to about 18000
animals in 2011. The numbers of offspring in the pedigree file of Tuli breed has

increased slowly and stabilized.
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Figure 4.2.1.2: Trend of pedigree completeness for the Afrikaner breed

From the figure 4.2.1.2, the trend for pedigree completeness six generation deep is
above average and has improved over the specified period for Afrikaner breed. The

average pedigree completeness has reached the peak of 98.5% first generation and
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82.2% six generations deep in 2012. The number of offspring (4.2.1.1) for this breed

has decreased while pedigree completeness has greatly improved.
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Figure 4.2.1.3: Trend of pedigree completeness for the Boran breed

The Boran breed has shown meagre, but inconsistent progress in the trend for
pedigree completeness with steady improvement attained in the last ten years of this
study. This is due to limited pedigree records in the years prior 2000 as well as its late
introduction to South Africa. Due to continuous improvement, the proportions of
known ancestors have increased to 99.5% in the first generation and 53.7% in the six
generation in 2012. The number of offspring (4.2.1.1) in the pedigree of this breed has
increased sharply after 2000 followed by improved pedigree completeness.
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Figure 4.2.1.4: Trend of pedigree completeness for the Drakensberger breed
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The trend for the pedigree completeness for the Drakensberger is above average with
average completeness of almost 100 in the first generation and 69.2% in the sixth
generations deep in 2012. However, contrary to improvement in pedigree
completeness, the trend of the number of offspring (4.2.1.1) in the pedigree file has
decreased.
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Pedigree completeness (%)
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Year of birth
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Figure 4.2.1.5: Trend of pedigree completeness for the Nguni breed

The trend of the pedigree completeness over six generations deep for the Nguni breed
has gradually improved with average pedigree completeness ranging from 98.7% in
six generations deep to 46.5% in the first generation in 2012. The trend of the number

of offspring (4.2.1.1) in the pedigree of this breed has increased steadily.
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Figure 4.2.1.6: Trend of pedigree completeness for the Tuli breed
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The Tuli breed has improved in the average pedigree completeness for the six
generations ranging between 96.3% for first generation and 77.5% for six generations
in 2012. The number of offspring (4.2.1.1) in the pedigree files of Tuli breed has
stabilized with improved trend of pedigree completeness.

Average pedigree completeness for all animals and animals born in the past 25 years
(1986 to 2012) are presented in table 4.2.1.1and 4.2.1.2 for each breed respectively.

Table 4.2.1.1 Estimated average pedigree completeness (%) six generations deep for

all animals in the pedigree of five indigenous African beef cattle breeds

Breed Genl Gen 2 Gen 3 Gen4 Genb Gen 6
Afrikaner 56 51.2 46.1 41.3 36.7 32.3
Boran 22.5 16.8 13.4 10.9 9.1 7.8
Drakensberger 49.5 43.3 38.3 34 30.2 26.7
Nguni 445 34.8 27.9 22.8 18.9 16
Tuli 68.8 63.7 58.2 53 48.2 43.9

Gen: generation

The Tuli and Afrikaner breeds had a higher level of completeness six generation deep
compared to other breeds in the original pedigree records. More than 50% of
genealogical ancestors of animals in the original pedigree records in first generation
for the Tuli and Afrikaner breeds were known. These proportion decreases with
deeper generation up to 43.3% and 32% at six generation deep for the Tuli and
Afrikaner breeds respectively. The Boran, Drakensberger and Nguni breeds have
completeness level of less than 50% in the first generation which decrease with

increased depth of completeness up to 7.8%, 26.7% and 16% respectively.

Table 4.2.1.2 Estimated average pedigree completeness (%) six generations deep for

animals born over the last 25 years for five indigenous African breeds

Breed Genl Gen 2 Gen 3 Gen4 Genb Gen 6
Afrikaner 95.2 92.6 88.2 81.6 73.8 65.6
Boran 33.3 27.6 23.2 194 16.3 13.8
Drakensberger 91 84.5 78.5 72.1 65.3 58.4
Nguni 75.9 60.2 48.5 39.7 33 27.8
Tuli 89.2 84 79.5 75.6 72 68.3

Gen: generation
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For the animals born from 1986 to 2012, the pedigree completeness was higher and
showed an improvement for all five breeds. The Tuli, Afrikaner and Drakensberger
breeds have completeness levels of more than 50% in all investigated six generations.
The Nguni breed has a completeness level of more than 50% in the first and second
generations and only 27.8% in the six generations deep. The least complete pedigree

for the specified period was for the Boran breed.

The accuracy of the rate of inbreeding and relatedness depend on the extent of
pedigree completeness (Groeneveld et al., 2009; Boichard et al., 1997; Sgrensen et
al., 2008; Steyn et al., 2012) and computational method (Van Doormaal et al., 2005;
Leroy et al., 2013). Pedigree completeness is the sum of the percentage of known
ancestors over all traced generations in the past (Boichard et al., 1997). The trends of
the pedigree completeness observed in the breeds studied can be attributed to their
establishment in South Africa as shown in table 3.4.1.1. Older breeds have better

pedigree completeness compared to the most recent established breeds.

Studies conducted to investigate pedigree completeness of beef cattle populations
have revealed similar variable degree of pedigree completeness in different breeds. In
Italian beef cattle breeds, Chianina had the best pedigree completeness of 62% and
16.4% at six and eight generations respectively (Bozzi et al., 2006); for Irish beef
cattle, Simmentals had the lowest pedigree completeness with only 43% four
generation deep (Mc Parland et al., 2007a) and for Slovak beef cattle breeds, Blonde
d*Aquitaine and Simmental had the highest pedigree completeness in the first
generation and Limousine had the lowest pedigree completeness through all the
studied generations (Kadlec¢ik and Pavlik, 2012).

The numbers of offspring registered in the pedigree files have increased in Boran,
Nguni and Tuli breeds, while it decreased in Afrikaner and Drakensberger breeds. The
continued decrease in the numbers of offspring for Afrikaner and Drakensberger
indicate that these two breeds are losing their popularity and should be of a concern to
the breed. The presence of an anoestrus gene in Afrikaner which interrupt heat period
in cows could be a reason that contributed to their reduction in numbers and led to
infusion with other breeds (www.afrikanerbees.com; Matjuda, 1997) The reduction in

the population of the Drakensberger breed could be attributed to farmers’ preference
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for red cattle in South Africa (Pentz, 2009; Bisschoff and Lotriet, 2013). The Boran
breed is the youngest breed in South Africa and is gaining popularity and increasing

its numbers.

From the results of the pedigree completeness under the current study, it is noted that
pedigree information have variably changed and became more complete over the last
25 year in all five breeds. This improvement in the pedigree quality can mainly be
credited to the improvement in animal recording organization through
computerization and centralization of the animal recording system (i.e. establishment
of INTERGIS) that produced good pedigree and performance records for national

livestock.

4.2.2 Generation interval

Figure 4.2.2.1, showed the trends of average generation intervals for five indigenous
African beef cattle breeds. The estimated average generation intervals for four
gametic pathways (sire-son, sire-daughter, dam-son and dam-daughter), males,
females and population of the five indigenous African beef cattle breeds are presented
in table 4.2.2.1.
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Figure 4.2.2.1: Trends of average generation intervals for five indigenous African beef cattle breeds

From figure 4.2.2.1, the Afrikaner, Drakensbereger, Nguni and Tuli breeds have

almost similar and constant average generation interval with slight tendency to reduce
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from mid-2000. The generation interval for the Boran breed initially increased till

mid-1990’s and then gradually reduced almost levelling with the other four breeds.

Table 4.2.2.1 Estimated average generation intervals (year) for the four gametic

selection pathways, male, female and the breed of five indigenous African beef cattle

Breed Generation interval (year)

SS SD DS DD Male Female Breed
Afrikaner 6.2 6.3 6.6 6.6 6.3 6.6 6.4
Boran 7.6 6.5 7.9 6.1 6.6 6.4 6.3
Drakensberger 5.6 5.6 6.6 6.4 5.6 6.4 6.0
Nguni 6.1 6.2 6 5.8 6.2 5.8 6.0
Tuli 6.4 6.4 6.2 5.9 6.4 5.9 6.2

SS: sire to son; SD: sire to daughter; DS: dam to son; DD: dam to daughter; population: breed

The average generation intervals for the four gametic selection pathways in the
current study slightly differed within each breed. The generation interval for male’s
line is shorter than female’s line in the Afrikaner and Drakensberger breeds and
longer in the Boran, Nguni and Tuli breeds. The shortest weighted average generation
interval for the breeds in this study was 6 years estimated for Drakensberger and
Nguni breeds, followed by 6.2 years and 6.3 years for Tuli and Boran breeds
respectively. The longest weighted average generation interval was 6.4 years

estimated for Afrikaner breed.

The estimated generation intervals obtained in this study are within the ranges
reported by studies conducted on other beef cattle breeds. The reported shorter
generation intervals for dam’s offspring pathways (DS and DD) compared to sire-
offspring pathways (SS and SD) for Angus, Hereford, Limousine and Simmental beef
cattle (Mc Parland et al., 2007a), Marchigiana cattle breed (Santana et al., 2012) and
Brown Swiss population (Worede et al., 2013) are well comparable to the estimates
for the Tuli and Nguni breeds. The estimates for the four selection pathways for the
Afrikaner and Drakensberger breeds where the sire-offspring pathways are shorter
than the dam’s offspring pathways are similar to those reported for the Casina and
Carrefiana breeds (Carion et al., 1994), Costefio con Cuernos, Romosinuano and
Blanco Orejinegro cattle breeds (Martinez et al., 2008) and Alentejana cattle breed
(Carolino and Gama, 2008). The estimated generation intervals for the four selection

pathways for the Boran breed, where the two sire-offspring pathways are longer than
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dam to son (DS) pathway but shorter than dam to doughter (DD) pathway is similar to

the reported result for the Bonsmara cattle breed (Groeneveld et al., 2009).

Carolino and Gama, (2008) have reported comparable result to those found for the
Afrikaner and Drakensberger breeds, where the generation intervals for male’s line
are always shorter than female’s lines. Contrary, Biedermann et al., (2009) has
reported a longer generation intervals for male’s line than female’s lines which is
comparable to the estimates found for the Boran, Nguni and Tuli breeds. This could
be attributed to early replacement of females, use of proven males for longer time and
selection of breeding males only after progeny testing.

The overall weighted average generation intervals for the population of Afrikaner,
Boran, Drakenberger, Nguni and Tuli breeds are within the range of 6 years and are
consistent with the reported weighted average generation intervals in literature.
Similar results were found in the Charolais (6.17), Hereford (6.03) and Angus (6.09)
cattle (Mc Parland et al., 2007a) and shorter than reported average generation interval
in Japanese Black (9.30) cattle (Nomura et al., 2001); Limousin (6.71) and Semmental
(6.54) cattle (Mc Parland et al., 2007a); Sanmartinero (6.8) cattle (Martinez et al.,
2008); Marchigiana (7.02) cattle (Santana et al., 2012) and Brown Swiss (6.90)
population (Worede et al.,, 2013). However, the estimated weighted average
generation interval in all five breeds in the current study are longer than the reported
results in Casina (5.30) and Carrefiana (5.40) breeds (Cafion et al., 1994); US
Herefords (4.88) (Cleveland et al., 2005); Chiana (5.35), Marchigiana (4.93) and
Romagnola (5.15) cattle (Bozzi et al., 2006); Blanco Orejinero (4.70), Costefio con
Cuernos (5.40) and Romosinuano (5.7) cattle (Martinez et al., 2008); Bonsmara (5.6)
cattle (Groeneveld et al., 2009) and Brangus (5.17) cattle (Steyn et al., 2012).

These results showed relatively constant average generation intervals throughout the
studied period for all five indigenous African beef cattle breeds. These average
generation intervals can be considered intermediate although it may still compromise
the rate of genetic progress. A longer generation intervals will result in minimum rate
of genetic change and thereby affect the rate of genetic progress (Comstock et al.,
1998; Bourdon, 2000; Marquez and Garrick, 2007). More effort is therefore needed to
slightly shorten the generation interval in order to increase the rate of genetic progress

in the five breeds under the current study.
52

© University of Pretoria



4.2.3 Age structure of parents and distribution of dams by parity number

The genetic structure of a population at a specific time is influenced by the age
structure of parents and the number of breeding males and females in the preceding
herd/population that would eventually determine the effective population size
(Groeneveld et al, 2009). For a beef herd to be more profitable, a cow should remain
in production for several years to compensate for the culled ones and counterbalance
the development and maintenance costs (Snelling et al., 1995). However the main
reason for culling a cow earlier is her failure to become pregnant or to give offspring
(Van der Westhuizen et al., 2001; BIF, 2010). The age structure of sires and dams can
determine the effective population as the variance in lifetime span (longevity) due to
reproductive success (Groeneveld et al., 2009). The average age of parents (sires and
dams) by birth of offspring in the whole pedigree file is present in table 4.2.3.1 for the
all five selected breeds. The age distributions of parents (sires and dams) by birth of
offspring in the whole pedigree file of each breed are presented figures 4.2.3.1 to
4.2.3.5 for each respective breed.

Table 4.2.3.1 Average age of sires and dams by birth of offspring for five indigenous

African beef cattle breeds

Average age Breed

Afrikaner Boran Drakensberger Nguni Tuli
Sires 6 5.3 5.1 5.9 55
Dams 6.2 5.5 4.9 6.1 54

There is slight difference between the average age of sires and dams when their
offspring are born in all five breeds. The youngest average age of sires and dams by
birth of offspring was in the Drakensberger breed, while the oldest average age of

sires and dams by birth of offspring was in the Afrikaner breed.
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Figure 4.2.3.1: Age distributions of sires and dams for the Afrikaner breed

In the Afrikaner breed; the average age of sires and dams that produced offspring are
6 and 6.2 years respectively. The majority of males used in reproduction were 4, 3 and
5 years of age, while the females were at 5 years of age at reproduction followed by 6
and 7 years of age. The majority of sires and dams produce offspring at the age of
four years with a steady decline thereafter. Less than 0.1% of parents with a slightly

higher proportion sires remain in reproduction at >16 year of age in the population of
Afrikaner breed.
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Figure 4.2.3.2: Age distributions of sires and dams for the Boran breed

The proportion of sires in reproduction at the age of 4 years was higher followed by
3 and 5" years of age. The majority of dams in reproduction were at 5" year of age.
Only about 0.3% of males and <0.1% of females were still producing offspring at >16
year of age in population of the Boran breed. The average age of sires and dams that
produced offspring was 5.3 and 5.5 years respectively.
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Figure 4.2.3.3: Age distributions of sires and dams for the Drakensberger breed

The majority of sires and dams calved at the age of four years and then followed by a
steady decline. The average ages when the offspring are born are 5.1 years for males
and 4.9 years for females. The proportion of sires and dams that successfully
remained in reproduction till the age of >16 year in the population of Drakensberger

breed was less that 1%.
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Figure 4.2.3.4: Age distributions of sires and dams for the Nguni breed

The majority of sires and dams produced offspring at the age of four years and then
followed by a steady decline. The average ages of males and females by the birth of
offspring are 5.9 for sires and 6.1 for dams. The proportion of sires and dams that
remained in reproduction till the age of >16 year of age in the population of Nguni
breed was less than 1%.
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Figure 4.2.3.5: Age distributions of sires and dams for the Tuli breed

The majority of sires produced offspring at the age of 3 years and dams calved at the
age of four years. The average ages of sires and dams by birth of offspring are 5.5
years for sires and 5.4 years for dams. The percentage of sires and dams that continue
to produce offspring till the age of >16 year in the population of Tuli was
approximately 1% for sires and less than 1% for dams.

Table 4.2.3.1 and figures 4.2.3.1 to 4.2.3.5 indicate that most of the sires and dams of
all the five breeds in this study produced offspring between three and four years of
age with males producing offspring earlier than females in most cases. Moreover, the
proportions of sires producing offspring in their older ages are greater than dams.
This indicated that males are used in reproduction longer than females with Boran
having the highest and Tuli the second highest proportion of older males in the
population. It will therefore be more profitable if the calving age of the dams is
reduced while increasing the proportion of males producing offspring at an earlier
age. The calving age of the dams could be reduced by mating heifers right after
puberty (Nufiez-Dominguez et al., 1991). This will probably increase the number of
offspring per dam and ultimately the economic efficiency of farm. It was reported
that, genetic variation in age at puberty in beef cattle do exists; and efficient
utilization of such variation in selection would potentially influence production
efficiency (Day and Nogueira, 2013).

The overview of the distribution of dams by parity number gives an idea about the

rate of turnover of the breeding animals. The rate of turnover is one the aspects that
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influence the rate of genetic progress in livestock selection and improvement
program, since animals with good longevity tend to leave more offspring in the
population (Groeneveld et al., 2009). Therefore, female production and reproduction
is essential as it quantify the output from the breeding females that were selected to
breed future generations and thereby ensuring the sustainability of beef cattle

production and robustness of the enterprise.

Figure 4.2.3.6 presents the distribution of parities attained by dams in Afrikaner,
Boran, Drakensberger, Nguni and Tuli breeds. For simplicity the dams were placed
into three groups as G1, G2 and G3 for each respective breed. Dams with parity
number 1 to 5 were put together in group one (G1), 6 to 10 in group two (G2) and 11
to >16 in group three (G3) respectively.
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Figure 4.2.3.6: Distribution of dams by parity number for five indigenous African beef cattle breeds
<>3116 Dams with parity number 1 to 5; G2: Dams with parity number 6 to 10; G3: Dams with parity number 11 to
Generally group one has the highest proportion of dams in the all five breeds. The
number of dams’ subsequent decrease with increase in the number of parity over time.
That is why it is better to group dams by number especially those with parity number
greater or equal to sixteen (Groeneveld et al, 2009). The breed with the highest
proportion of dams in groups one was Afrikaner with 87.5% and then followed by
Drakensberger, Tuli, Nguni and Boran. Group two had shown to be the second
highest in Afrikaner with 12%, Drakensberger with 13, Nguni with 13.3 and Tuli with
13.4. The percentage of dams in group 3 (9.8) is greater than group 2 (8.6) in Boran.
Only 0.5%, 0.6%, 1.3% and 0.8% of dams were in group 3 for Afrikaner,
Drakensberger, Nguni and Tuli respectively.
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The average number of offspring per dam increases for breeds having more cows in
G2 and G3 parity than ones having more number of cows in G1 parity. Accordingly,
the higher numbers of animals with more parity correspond to the higher rate of
turnover and apparently good longevity of the respective breed. It was argued that
longevity will increase the generation interval and increase the accuracy of the
predicted breeding value from the additional data (Nwakalor et al., 1986). However

this could be realized only when there is accurate and consistent recording system.

4.2.4 Breeding animals and effective population size

The number of breeding animals at specific time determines the effective population
size which is the principal factor that influences the rate of genetic drift and
inbreeding in a population over a period of time (Nicholas, 2003; Groeneveld et al.,
2009). The trends for the number of animals used in reproduction representing all the
animals in the available pedigree data for the Afrikaner, Boran, Drakensberger, Nguni
and Tuli breed are presented in Figure 4.2.4.1 and table 4.2.4.1. The calculated values
for the effective population size (Ne) are presented in table 4.2.4.1.
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Figure 4.2.4.1: Trends of numbers of breeding animals for five indigenous African beef cattle breeds

The numbers of breeding animals for the Afrikaner and Drakensberger breed have
gradually declined. The Nguni and Boran breeds have shown persistent increases in
the number of breeding animals. The drop observed in the trend of breeding animals

towards 2011 in the five breeds was caused by the presence of young animal as only
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animals having a service record or appearing as parent in the birth record when

considered in the calculation of breeding animals.

Van der Westhuizen and Groeneveld, (2004) have reported that the numbers of
breeding animals for the Afrikaner and Drakensberger breed are declining. Only 48%
and 55% of the number of sires and 50% and 54% of the number of dams that were
used in 1990 were again used in 2002, respectively, while the number of breeding
animals for the Nguni breed was still in an increasing phase. This trend was also

found in the current study.

Table 4.2.4.1 Number of Breeding animals, offspring born and effective population
size for all animals in the pedigree of five indigenous African beef cattle breeds

Breed

Afrikaner Boran Drakensberger Nguni  Tuli
Base population 41129 24805 31015 50933 7830
Reference population 206 044 32756 167542 205757 47479
No of sires used in reproduction 5 452 1177 4172 4 568 1055
No of dams used in reproduction 69 444 11956 50581 66825 13762
Average no of offspring/sire 45.3 48.9 47.6 56.2 52.4
Average no of offspring/dam 3.6 4.8 3.9 3.8 4.0
Effective population size 107 364 122 191 89

Sires: total number of sires with offspring in the whole pedigree of each breed. Dams: total number of dams with

offspring in the whole pedigree of each breed.

Base population or animals relatively contribute to the genetic structure of reference
population and were defined as the animals with one or more unknown parents.
Reference population or animals are those animals with two of their parents/ancestors
are known. The highest number of offspring per sire is the result of intense use of
popular sires. This will simultaneously increase sire effects and the variance in family
sizes as a result of unequal genetic contribution which will adversely affect the

effective population size (Falconer and Mackay, 1996).

The effective population size measures genetic variation within livestock populations
and is a useful measure due to its direct relationship with the rate of inbreeding and
loss of genetic diversity over a period of time (Caballero and Toro 2000; Sgrensen et
al., 2005). Reduction in effective population size may increase selection response
through selection intensity but conversely may lead to inbreeding depression and the
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loss of genetic variance that limits selection response from new mutations in the long
term (Toro and Lopez-Fanjul, 1998). The effective population size between 50 and
100 will lead to an increase in the rate of inbreeding coefficient by 0.5 to 1% per
generation which is sufficient to maintain the genetic diversity within a population
(FAO, 1998b; Bijma, 2000). A drop in the effective population size below this limit
would result to decline in population fitness as a result of mutation and genetic drift
(Meuwissen, 1999).

The effective population size for all the five breeds in the present study varied in
magnitude (Table 4.2.4.1). The lowest value of effective population size of 89 was
found in the Tuli breed which is within the minimum effective population sizes
defined by FAO, (1998b) and Bijma, (2000). The Afrikaner breed was having a
slightly higher effective population size (107) compared to the Tuli breed. The
effective population size for the other populations was found to be relatively good
with Boran having the highest effective population size of 364 in whole pedigree
followed by Nguni (191) and Drakensberger (122).

The estimated effective population sizes of the breeds in this study are comparable to
other cattle populations; 39 and 30 for US Holstein and Jersey cattle respectively
(Weigel, 2001) and 47 to 53 for Danish dairy cattle Sgrensen et al., (2005). In a
number of studies on beef cattle Ne varied from as low as 21 in Spanish beef cattle
(Gutierrez et al., 2003) to as high as 167 for South African Brangus cattle ( Steyn et
al, 2012).

From these results, it could be advised that mating policy should be adjusted to
increase effective population sizes and reduce the rate of inbreeding particularly in
Tuli and Drakensberger breeds. This is extremely important as it will efficiently
preserve genetic variability which is a source to developed genetically superior
individuals capable to respond to variable future demands. The estimated effective
population size for the Boran breed has been overestimated due to under estimation of
inbreeding as a result of poor pedigree recording. This study therefore highlights the

importance of pedigree recording in beef cattle production.
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4.2.5 Inbreeding and additive genetic relationships

Both inbreeding and additive genetic relationships are related to consanguinity and are
among the key parameters used in measuring the status of genetic diversity within a
population. The average inbreeding coefficient and additive genetic relationship
coefficient were calculated for the whole pedigree to determine the level of inbreeding
and relatedness in each breed. The estimated rate of addititive genetic relationships
(Af) and inbreeding (AF) are summarized in table 4.2.5.1. The trends of addititive
genetic relationships and inbreeding coefficients as well as the proportion of inbred

animals are shown in figures 4.2.5.1 t0 4.2.4.5 and 4.2.5.6 to 4.2.5.7 respectively.

Table 4.2.5.1 Estimated average rate of inbreeding and additive genetic relationships

per year and generation for five indigenous African beef cattle breeds

Breed Average Af per Average Af per Average AF per  Average AF per
year (%) generation (%) year (%) generation (%)

Afrikaner 0.02 0.14 0.06 0.38

Boran 0.006 0.04 0.03 0.18

Drakensberger  0.03 0.16 0.07 0.44

Nguni 0.004 0.02 0.04 0.23

Tuli 0.03 0.17 0.08 0.52

Af: Rate of additive genetic relationships; AF: Rate of inbreeding

From table 4.2.5.1, the average rates of inbreeding and additive genetic relationships
based on the slope of regression have changed with different magnitudes in all five
breeds. The highest average rate of inbreeding was observed in the Tuli breed
followed by the Drakensberger, the Afrikaner, and the Nguni breeds respectively,
while the lowest average rate of inbreeding was in the Boran breed. The highest
average rate of additive genetic relationships was in the Tuli breeed followed by the
Drakensberger, the Afrikaner and the Boran breeds respectively. The lowest average

rate of additive genetic relationships was revealed in the Nguni breed.
Figures 4.2.5.1 to 4.2.5.5 showed the trends of average additive genetic relationship
coefficient for all offspring, inbreeding coefficient for all and inbred offspring

computed by year of birth of the individual offspring in the whole pedigree of
Afrikaner, Boran, Drakensberger, Nguni and Tuli breeds respectively.
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Figure 4.2.5.1: Trends of average inbreeding coefficients for all and inbred offspring and coefficient of
additive genetic relationships for the Afrikaner breed

In the Afrikaner breed, the average inbreeding coefficient has increased steadily till it
reached 0.28% in mid-1990°’s and then gradually decreased to 0.2% in 2011. The
average inbreeding coefficient for inbred animals has decreased substantially from
more than 0.8% before 1986 to 0.25% in 2011. The coefficient of additive genetic
relationship has increased gradually and reachd 0.08% in 2011. This indicates that the
coefficient of relatedness among the offspring is increasing and will relatively

contribute to increase inbreeding in the future.
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Figure 4.2.5.2: Trends of average inbreeding coefficients for all and inbred offspring and coefficient of
additive genetic relationships for the Boran breed

Due to poor recording in the pedigree of Boran breed, the trend of the average
inbreeding coefficients and the coefficient of additive genetic relationship are
presented from 1996. The trend of inbreeding coefficient and the coefficient of

average additive genetic relationship of all offspring in the pedigree have increased
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steadily especially since 2006. The average inbreeding coefficient and the average
additive genetic relationship were 0.04% and 0.025 in 2005 and later increased to
0.24% and 0.4% respectively. The average inbreeding coefficient of inbred offspring
has increased at greater rate till late 1980 and then decreased and stabilized. These
trends indicated that there is high use of related animals especially after the year 2000.
This estimate of inbreeding coefficient is however probably an under estimation due
to limited pedigree records. Limited pedigree records will biasedly underestimate the
level of inbreeding and overestimate the effective population size (Boichard et al.,
1997; Marquez et al., 2010).
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Figure 4.2.5.3: Trends of average inbreeding coefficients for all and inbred offspring and coefficient of
additive genetic relationships for the Drakensberger breed

The inbreeding coefficient for the whole population of Drakensberger breed has
increased sharply until it reached 0.3% in 2011 with average rate of change of 0.07%
per year and 0.44% per generation. The trend of the inbreeding coefficient for inbred
offspring has decreased, but started to increase again after 2000. The coefficient of
additive genetic relationship has increased steadily. The increased tendency in the
level of inbreeding of bred offspring coupled with sharp increase in additive genetic
relationships indicates re-intensification of closely related individuals. Therefore,
continuous mating of closely related individuals should be restricted to avoid further

increase in the level of inbreeding in this breed.

63

© University of Pretoria



0.25 08 _
s | pn 5
< 02 -
2 o v 06 5
3 0.15 &5
5 - 04 5
= 01 3
g =
Y - 02 <
5 0.05 c
L L
0 T T T T T T T T T T T T T T T T T T T T T T T 0
1986 1991 1996 2001 2006 2011

Year of birth

==@=— F/Offsprings floffsprings === F/Inbred offsprings

Figure 4.2.5.4: Trends of average inbreeding coefficients for all and inbred offspring and coefficient of
additive genetic relationships for the Nguni breed

The inbreeding coefficient for the whole population of Nguni breed has increased
persistently till it reached 0.2% in 2011with average rate of 0.04% per year and 0.23%
per generation. The trend of inbreeding coefficient for inbred offspring increased to
reach the highest level at 0.8% in 1991. Afterwards it decreased gradually and reached
the level of 0.5% in 2011. The trend of the coefficient of additive genetic relationship
has increased subtly until it reached 0.004% in 2011. The additive genetic relationship
is quite low in this breed when compared to inbreeding. This could be attributed to

mating of few closely related individuals within Nguni breed.
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Figure 4.2.5.5: Trends of average inbreeding coefficients for all and inbred offspring and coefficient of
additive genetic relationships for the Tuli breed

The trends of inbreeding coefficient for all and inbred offspring and the coefficient of

additive genetic relationships for the Tuli breed remained nearly unchanged ranging
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between 0.5 and 0.63%. The trend of the coefficient of additive genetic relationship
has slightly decreased but with an increased trend after 1995. The trend of the average
inbreeding coefficient of inbred offspring initially increased and reached the highest
before 1986 and then decreased slowly to 0.6% in 2011. This high level of inbreeding
and relatedness is serious as it will result in an increase in the level of homozygosity
which in turn will increase the risk of the appearance of undesirable effects. A
balanced mating policy that favoured best unrelated individuals is primarily needed at
this stage to correct the possible effect of such high levels of inbreeding in the

population of this breed.

100 80
g 92 = 70
> 80 - £
s £ 60
S 70 - s
% 60 g 50
3 50 - 2 40
i 3
5 20 & 20 1
2 10— 8 10 -
O AT e E, 0 i
1986 1991 1996 2.001 2006 2011 Afr Bor Dra Ngu Tul
Year of birth Breed
e Af[ llie= BOr Dra === Ngu ==o==Tul u Percent of inbred animals

Figure 4.2.5.6: Trends of number of inbred animals Figure 4.2.5.7: Percentage of inbred animals for
for five African breeds five African breeds

Afr: Afrikaner; Bor: Boran; Dra: Drakensberger; Ngu: Nguni; Tul: Tuli

The trend of the proportion of inbred offspring has increased considerably in all five
breeds (Figure 4.2.5.6). The proportion of inbred offspring for the Tuli, Afrikaner,
Drakenberger and Nguni breeds have increased gradually and reached 87.9%, 76%,
72.7% and 39% in 2011 respectively in 2011. A greater increase in the proportion of
inbred offspring started after 2000 in Boran breed, when its pedigree completeness
improved and reached 35.2% in 2011. The increase in the proportion of inbred
offspring of each breed has accounted to the total percentage of inbred offspring in the
whole pedigree (Figure 4.2.5.7) of approximately 72% for Tuli breed. The second
most inbred population was the Drakensberger with 41%, followed by the Afrikaner
breed with 34.85%, Nguni breed with 21.1%. The rapid increased in inbreeding
coefficient and ratio of inbred offspring in Tuli breed is of great concern as it may
possibly lead to inbreeding depression and increase frequency of recessive
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homozygote for deleterious alleles. This situation could have been influenced by the
small population size of the Tuli breed which minimizes the chance of getting new
genes. Therefore, a study to investigate any possible effect of inbreeding in Tuli breed
should be conducted.

It has been shown that continuous improvement in animal recording genetic
evaluation and breeding methods contribute to successful selection and genetic
improvement of the beef industry in many world beef producing countries (Johnston,
2007). Despite this success, the methods used have promoted an increase in the
probability of relatedness and increased level of inbreeding that may compromise long
term selection response and increase the risk of inbreeding depression (Weigel, 2001;
Northcutt et al., 2004; Carolino and Gama, 2008). It is therefore important to
obtained insight on the genetic structure of a population to maintain within breed
genetic diversity and sustainable improvement program (Malhado et al., 2008).

The change in the average rate of inbreeding per year and generation outweighed the
actual level of inbreeding coefficient. The level of inbreeding coefficient relatively
depends on the base population, which is assumed to be unrelated while the average
rate of inbreeding measures the rate of loss of genetic variation within a population
(FAO, 1998b; Bijma and Woolliams, 2000; Groeneveld et al., 2009). The FAO
guidelines (FAO, 1998) and Bijma (2000) have recommended a limit of 0.5-1% for

the rate of inbreeding per generation to maintain fitness in a breed.

Several studies have reported unfavourable long-term effects of high rate of
inbreeding on the efficiency of reproductive and production traits in cattle breeds.
Burrow, (1998) has reported a decrease in the pregnancy rate and increased days to
calving with increasing inbreeding coefficient in the tropical beef cattle breeds.
Carolino and Gama, (2008) have reported significant effects of inbreeding on some
reproductive efficiency traits, with a decline of nearly 0.02 calves produced through
life and a reduction in longevity of about 0.2 months per 1% increase in individual
breeding. Sewalem et al., (2006), have also reported an increased trend toward risk of
culling among more inbred animals in Canadian Dairy Cattle. Inbreeding
unfavourably influences the status of dystocia and stillbirths in cattle breeds (Adamec
et al., 2006; Mc Parland et al., 2008). In respect to male reproductive traits, a decrease

in scrotal circumference was reported with increasing rate of inbreeding coefficient
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(Burrow, 1998; Mc Parland et al., 2008; Santana et al., 2010; Santana et al., 2012).
With regard to growth traits, a significant decrease in birth weight of about -0.154kg
was reported for the Bonsmara breed (Santana et al.,, 2012), -5.8g for closed
population of Herefords (Pariacote et al., 1998) per 1% increase in individual
breeding coefficient respectively. A reduction in weaning weight of about -0.44kg in
several beef cattle breeds (Burrow, 1993) and —0.51kg in Brown Swiss cattle (Falcao
et al., 2001) per 1% increase in individual breeding were reported respectively.
Similarly Pariacote et al., (1998) has reported a decrease in weaning weight and daily
weight gain due to individual and maternal inbreeding in a closed herd of Hereford
cattle; Queiroz et al., (2000) reported a decrease in weaning and yearling weights with
increasing individual inbreeding in Gyr cattle, while Carolino and Gama, (2008) have
reported an unfavourable effect of individual and maternal inbreeding on weight at 7
months of age and mean daily weight gain in Alentejana cattle. Moreover, increase in
the level of inbreeding has also been reported to have negative impact on carcass yield
and quality (Burrow, 1998; Mc Parland et al., 2008; Santana et al., 2010) as well as
milk yield and composition (Mc Parland et al., 2007b; Maiwashe et al., 2008).

The average rate of change in inbreeding per year for all five breeds in this study are
within the range of reported studies such as 0.02% for American Red Angus cattle
(Méarquez et al., 2010), 0.06% for Brangus cattle (Steyn et al., 2012), 0.07 to 0.59 for
eight Spanish beef cattle breeds (Gutiérrez et al., 2003), 0.12% for American
Herefords (Cleveland et al., 2005) and 0.06 to 0.13% for Irish beef cattle (Mc Parland
et al., 2007a). The estimated average rate of inbreeding coefficients per generation for
all these breeds are lower than the reported average rate of 0.6% in American
Herefords (Cleveland et al., 2005) and within 0.4 to 2.2% in eight Spanish beef cattle
breeds (Gutiérrez et al., 2003) and 0.54 to 2.19% in Irish beef cattle (McParland et al.,
2007a) and 0.07 to 1.05% in Slovak beef cattle (Kadle¢ik and Pavlik, 2012). The
estimated average rate of inbreeding coefficients per generation for Afrikaner
(0.38%), Boran (0.18%) and Nguni (0.23%) are within the acceptable limit
recommended by FAO, (1998b) and Bijma, (2000), which should be less than 0.5 —
1.0% per generation. The Tuli (0.52%) and Drakensberger (0.44%) breeds have
however approached the minimum recommended limit for the rate of inbreeding. As a
result caution should be taken to avoid further increase that would risk within breed

genetic diversity and compromise future genetic gain.
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The additive genetic relationship coefficient which is the degree of an individual’s
relatedness in a population influences the effectiveness of a selection program. It is
the probability that alleles taken randomly from individuals in the pedigree of a
population are identical by descent (Toro et al., 2011). The coefficient of additive
genetic relationship is therefore another additional tool useful for designing a mating
program (Goyache et al., 2003) and prediction of inbreeding in the subsequent
generations (Marquez et al., 2010). The result of the average rate of additive genetic
relationships (Table 4.2.5.1) combined with its trends (Figures 4.2.5.1 to 4.2.5.5),
reflected a continuous increase in additive genetic relationships in all studied breeds
though with different rate of change. This increase in additive genetic relationships
couple with high proportion of inbred animals (Figures 4.2.5.6 to 4.2.5.7) would
ultimately increase the rate of inbreeding in the future. Therefore, breeders should be
aware of this and continue applying proper selection and avoid mating of closely

related individuals.

The degree of inbreeding and relatedness varies according to the status of recording
and selection policies applied in the breeding program as observed in figures 4.2.5.1
to 4.2.5.5 and table 4.2.5.1. The average inbreeding coefficients are relatively higher
than the average additive genetic relationship in all five breeds. The average
inbreeding coefficients and the percentage of inbred offspring have increased
concurrently, while the average inbreeding coefficient of inbred offspring has
declined across the five breeds. The lowest average inbreeding coefficients and the
percentage of inbred offspring observed for Boran breed have been under estimated
due to aforementioned reason. Regular monitoring of inbreeding and its related factors
within these breeds is however imperative, to ensure their sustainability especially in

the challenging production environments of Africa.
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4.3 Genetic trends

The ultimate objective of most modern beef cattle production systems is to improve
the efficiency of production in order to be competitive and economically viable.
Several activities including animal recording; genetic evaluation and selection are
involved to accomplish this objective. The current performance recording systems
along with the advances in the genetic evaluation to derive EBVs have influenced
most of the economically important traits in beef cattle. The genetic trend is an
important indicator of selection direction and success (Intaratham et al., 2008; Bosso
et al., 2009). It also aids in planning for future breeding schemes. The number of
animals with EBVs of traits measured between 1986 and 2012 for five indigenous
African beef cattle breeds are presented table 4.3.1.

Table 4.3.1 Number of animals with EBVs of traits measured between 1986 and 2012

for five indigenous African beef cattle breeds

Trait (EBV) Number of animals
Afrikaner Boran Drakensberger Nguni  Tuli

Birth weight direct (kg) 136947 47673 103 245 47154 43413
Birth weight maternal (kg) 137542 67892 103279 47985 44470
Weaning weight direct (kg) 143566 42170 103521 48 058 42436
Weaning weight maternal (kg) 134722 41615 103520 48 055 37400
Yearling weight direct (kg) 138063 35653 103160 46 699 40839
Final weight direct (kg) 135045 31119 102636 46 011 39459
Mature weight direct (kg) 84 533 24 804 93077 44901 35298
Kleiber ratio (kg) 132174 - 101 062 43053 30829
Scrotal circumference (mm) 134 108 - 101 433 42892 35960

The genetic trends for these economically important traits were estimated by
averaging the predicted breeding values on birth year for each trait and each breed
between 1986 and 2012. The most important point in these trends is the slope of the
lines (Figures 4.3.1 to 4.3.19) and the rate of genetic change per year (Table 4.3.2), as
they will indicate the direction of selection and trait (s) of priority for the breeders of

each breed.
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Table 4.3.2 Estimated annual rate of genetic trends of EBVs of traits measured

between 1986 and 2012 for for five indigenous African beef cattle breeds

Trait (EBV) Breed
Afrikaner Boran  Drakensber Nguni  Tuli

Birth weight direct kg/yr +0.051 +0.018 +0.008 -0.003  +0.025
Birth weight maternal kg/yr +0.007 -0.007  -0.006 -0.001  +0.008
Weaning weight direct kg/yr +0.540 +0.104  +0.277 +0.062 +0.185
Weaning weight maternal kg/yr ~ +0.129 +0.021 +0.010 +0.021 +0.041
Yearling weight kg/yr +0.759 +0.133  +0.406 +0.069 +0.327
Final weight kg/yr +1.013 +0.157 +0.521 +0.093 +0.393
Mature weight kg/yr +0.807 +0.410 +0.188 +0.108 +0.445
Kleiber ratio kg/yr +2.922 _ +1.252 +0.613 +0.359
Scrotal circumference mm/yr +0.472 _ +0.298 +0.183 +0.183
yr: year

The rate of change in birth weight direct per year was higher in Afrikaner followed by
Tuli, Boran, Drakensberger and Nguni breed respectively. Limited change was
revealed in both birth weight and weaning weight maternal in all five breeds. The
estimates of annual rates of genetic change for all the growth traits were positive.
Most genetic improvement in growth traits was in Afrikaner breed followed by
Drakensberger and Tuli breed. The Boran breed has also shown improvement in the
years since breed society was founded. Almost no improvement in growth traits was
revealed in Nguni breed. Kleiber ratio has changed with more genetic improvement in
Afrikaner breed followed by Drakensberger breed. The lowest improvement in
Kleiber ratio was in Tuli breed. Similarly most genetic improvement in scrotal
circumference was in Afrikaner followed by Drakensberger breed. Nguni and Tuli

breeds have the least rate of genetic improvement in scrotal circumference.
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Figures 4.3.1 to 4.3.5 present the genetic trends of Birth weight direct and maternal

for Afrikaner, Boran, Drakensberger, Nguni and Tuli breeds over 25 years

respectively.
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Figure 4.3.3: Trends of birth weight direct and Figure 4.3.4: Trends of birth weight direct and
birth weight maternal EBVs for the Nguni breed

birth weight maternal EBVs for the Drakensberger

breed
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Figure 4.3.5: Trends of birth weight direct and birth
weight maternal EBVs for the Tuli breed

For the Afrikaner there was a slight increase in average EBVs for birth weight and
maternal direct (Figure 4.3.1), while in the Boran direct on year of birth has slightly
increased, while birth weight maternal has remained almost constant especially from
2000 onward (Figure 4.3.2). The trend for birth weight direct resulted in small
increase in the Drakensberger and Tuli (Figure 4.3.3). For the Nguni breed; trends of
average EBVs of both birth weights direct and maternal have remained nearly
constant (Figure 4.3.4). Consistent increase in birth direct is risky, because high trends
for birth weight could lead to dystocia (Hickson et al., 2006).
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Figures 4.3.6 to 4.3.10 present the genetic trends of weaning weight direct and

maternal for Afrikaner, Boran, Drakensberger, Nguni and Tuli breeds over 25 years

respectively
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Figure 4.3.8: Trends of weaning weight direct and
weaning weight maternal EBVs for the
Drakensberger breed

Figure 4.3.9: Trends of weaning weight direct
and weaning weight maternal EBVs for the
Nguni breed
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Figure 4.3.10: Trends of weaning weight direct
and weaning weight maternal EBVs for the Tuli
breed

The trends of average EBVs for weaning weight direct and maternal have variably
increased in all the five breeds with minimum increased observed in weaning weight
maternal (Figure 4.3.6 to Figure 4.3.10). However, the increase in weaning weight

direct and maternal for the Nguni breed is only minor (Figure 4.3.9).

Figures 4.3.11 to 4.3.15 present the genetic trends of yearling, final and mature
weights plus kleiber ratio (exept Boran) for Afrikaner, Boran, Drakensberger, Nguni

and Tuli breeds over 25 years respectively.
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Figure 4.3.14: Trends of post weaning weights
and kleiber ratio EBVs for the Nguni breed

The trends of the average EBVs for all the post weaning weights have variably

increased in all five breeds with very little increase observed in Nguni breed (4.3.11 to

4.3.15). The results of trends and their rate of change for growth traits have proved

that progress has been made in weaning and post weaning weights in the breeds

studied though with limited progress in the Nguni breed.

The trends of the average of EBV for kleiber ratio in Afrikaner, Drakensberger, Nguni

and Tuli breeds have variably and considerably increased. This positive trend of

kleiber ratio reflects improvements were made for feed efficiency and average daily

gain in all the four breeds. As kleiber ratio is the ratio of average daily gain to
metabolic weight (Kleiber, 1947; Scholtz et al., 1990; Koster et al., 1994). Moreover,
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there is positive and strong correlation between kleiber ratio and feed conversion ratio

in beef cattle (Arthur et al. 2001).

Figures 4.3.16 to 4.3.19 present the genetic trend of scrotal circumference for

Afrikaner, Drakensberger, Nguni and Tuli breed over 25 years respectively.
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Figure 4.3.16: Trend of scrotal circumference
EBV for the Afrikaner breed

Figure 4.3.17: Trend of scrotal circumference
EBV for the Drakensberger breed
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Figure 4.3.18: Trend of scrotal circumference
EBV for the Nguni breed

Figure 4.3.19: Trend of scrotal circumference
EBV for the Tuli breed

Good progress has been made in scrotal circumference for all five breeds. The

increased in the trend of scrotal circumference indicate a positive direction towards

improvement in fertility traits. This is because scrotal circumference was found to
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have close relationships with spermatozoa quality and quantity in bull and age at
puberty in bull’s heifer (Brinks, 1994; Kealey et al., 2006; Van Melis et al., 2010).

Improvement in beef cattle production efficiency is not necessarily related to increase
genetic trends for all the recorded traits. Some of these traits have been reported to
have unfavourable genetic associations between them. For example, selection for
rapid rate of gain in post-weaning weights usually increases both birth weight and
mature size. Increases in birth weight (direct & maternal) are associated with dystocia
(Bennett and Gregory, 2001; Hickson et al., 2006), influences calf survival, increase
culling and decrease fertility rates (Meijering, 1984; Rogers et al., 2004). It will also
increase the need for veterinary assistance as well as cost of medication. The increase
in birth weight was the result of the correlated response of selecting for mature weight
in bulls and maternal ability in cows (Plasse et al., 2004). The selection for increased
mature weight will be accompanied by an increase in the nutrient requirements for
maintenance of the cow herd (Hersom, 2009; Luna-Nevarez et al., 2010). Selection
criteria to obtain moderate birth weights and mature weights while maintaining rapid
growth rate is complex and needs a comprehensive selection decision. However, the
Afrikaner and Drakensberger and lately Tuli breed have successfully selected for

increased growth.

It was reported that methane emissions are closely linked with feed conversion
efficiency per unit product and selection to improve this trait in ruminant livestock
will contribute in the reduction of methane emissions per unit product (Cowie and
Fairweather, 2008; Scholtz et al., 2012; Hayes, et al, 2013). The increased genetic
ability for Kleiber ratio observed in the Afrikaner, Drakensberger, Nguni and Tuli
breeds indicates efficient conversion of feed in to muscle and by extension to indirect

reduction of methane emissions.

Comparable to the present study; Plasse et al., (2004), has reported the estimates of
the annual genetic changes in breeding values for birth weight direct and maternal of
0.080kg and -0.002kg respectively with the corresponding weaning weight direct,
weaning weight maternal and yearling weight of about 0.0515kg, 0.418kg and
0.894kg, respectively. Enns and Nicoll, (2008) have reported the estimates of annual

genetic change in breeding values for weaning weight direct and maternal of about
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0.43 and 0.03kg, respectively with corresponding annual genetic changes for yearling
weight, 18 months (Harvest) weight, and mature of 0.72, 1.7 and 0.13kg, respectively.
Pereira et al., (2008) have reported the estimates of the annual genetic trend of
breeding values of about 0.98kg for yearling weight and 0.27kg for 18 months weight
respectively.

The genetic trend and its rate of change observed in the recorded traits for the five
breeds under the present study have shown that improvement have been made though
with some unfavourable changes. It was observed that enhanced genetic improvement
in a breeding program will not only be achieved by consistent implementation of
accurate measurement of traits in the breeding objective but also through efficient
utilization of the information derived from them. With the exception of Nguni breed,
the rest of the breeding programs are in continuous efforts to improve growth rate by
targeting different stage of growth weights (weaning, yearling and mature weights) as
presented by the change in their genetic trends. The Nguni breeders do not emphasize
selection aimed at improving growth traits as demonstrated by changes in its genetic
trends. Selection of individual animals based on the EBVs derived from accurate
performance data will aid towards optimum genetic progress in a desirable direction.

The variation in the rate of genetic change in the studied breeds is probably due to the
differences among the breeds in commencement of recording of trait (s) and
application of modern performance evaluation (BLUP). Moreover the delayed in the
rate of genetic improvement in some of these breeds might be attributed to selection

emphasis on non-measured traits.

The above results and deliberations have proven the importance of animal recording
system for genetic management of beef cattle breeds. It offers the opportunity for
monitoring livestock genetic diversity and ensures sustainable improvement program.
For this purpose, animal recording system could be recommended for management of

beef cattle breeds in Africa.
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Chapter 5

Conclusions and recommendations

The aim of this study was to investigate different African indigenous beef cattle
breeds of larger and smaller population numbers that have been subjected to animal
recording and assess the potential of animal recording in genetic management with the
objectives of: monitoring within breed genetic diversity, exploring the genetic trends
in the selected breeds using EBVs. The results obtained have given insight about the

genetic structure of all five breeds and the trends of their genetic improvement.

The Afrikaner breed: Although the genetic diversity of this breed is not at risk,
continued implementation of the current mating policies that promote the use of
individuals with low additive genetic relationship is recommended. It is also advised
that the increase in the trend for birth weight EBVs should be averted by selection of
bulls with lower birth weight. This will help prevent the negative consequence of high

birth weight during delivery.

The Boran breed: Although the Boran breed has shown an improvement in both
pedigree and performance records in the last ten years of this study, animal recording
should be improved in order to achieve better genealogy knowledge and increased
production efficiency in the future. Improved pedigree recording will eventually lead
to true estimates of inbreeding and effective population size.

The Drakensbereger breed: The current mating systems should be modified to reduce
the rate in inbreeding and maintain genetic diversity, while obtaining the genetic gains

which are well compatible with the current breeding objective.

The Nguni breed: The current mating strategies used in this breed could be continued
as it appeared to control the rate of inbreeding and reduce the loss of genetic diversity.
However, intensification of an awareness campaign to sensitise Nguni breeders to
developed clear breeding objectives and improve recording is important.

The Tuli breed: Due to the high rate of inbreeding and small effective population size,
the use of breeding animals with low additive genetic relationships in reproduction is

strongly recommended to increase effective population size and maintain the genetic
79

© University of Pretoria



diversity of this breed. Future studies to quantify the effect of the increased in the rate
of inbreeding on economically important traits in this breed would be pertinent at this
early stage. Moreover, birth weight EBVs in Tuli breed is increasing and this could
lead to dystocia in the future. As such it could be advised that, the breeders should
concentrate on moderate birth weight EBVs and above average EBVs for later growth
in their selection decision to avoid any negative effect from heavy birth weight in the

future.

The known genealogical information in the pedigree of all five inclined to be shallow
in deeper generations. It is therefore, advised that the breeders should continue
recording accurate pedigree records and encourages increase participation in
performance recording. Improved pedigree records with deeper ancestral knowledge
will enable continued monitoring of the rate of inbreeding, effective population size
and genetic diversity in the future offspring. Increased participation in performance
recording will enhance the accuracy of EBVs and selection decision and thereby
increase genetic progress. From the results of the current study, animal recording has
proved effective in maintenance of genetic diversity and sustainable genetic

improvement of indigenous beef cattle breeds in Africa.
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