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Abstract: Cattle are one of the most important livestock species in West Africa, providing multiple
services to farmers and contributing to national economies. Various breeding strategies have been
implemented to enhance their productivity and have improved farmer livelihoods. This review
describes cattle breeding experiences across West Africa, spanning the N’Dama breed in Mali, Senegal,
and The Gambia to the breeds Azawak Zebu, Fulani Zebu, and taurine Baoulé in Burkina Faso. The
main objectives of most breeding programs have been to optimize meat and milk performance of
taurine and Zebu cattle as well as trypanotolerance of taurine cattle. In some cases, “closed nucleus”
schemes have proven limited and so have evolved into “open nucleus” schemes. Recent community-
based breeding programs have shown promise. The major challenges of breeding programs remain
defining realistic breeding objectives and securing the involvement of stakeholders. All the strategies
reviewed here have been funded externally within development or research projects that are often too
short to yield tangible genetic improvement, and whether they will continue beyond those projects
is uncertain. This review highlights the need for continuing government support to ensure the
sustainability of local cattle breeding programs.

Keywords: breeding strategies; cattle; local breeds; West Africa

1. Introduction

Approximately 300 million heads of cattle are reared in Africa, representing about
one fifth of the world’s cattle population [1]. In 2017, West Africa alone was home to
approximately 74.3 million heads of cattle [2]. Cattle play major social, economic and
cultural roles on the continent. They represent a major source of protein (milk and meat)
as well as fertilizer and fuel (manure), and they provide draft power for crop farming [3].
Cattle production contributes substantially to African farmers’ livelihoods.

Sub-Saharan Africa is home to a large population of indigenous cattle [4], which
consist of 150 indigenous breeds supplemented by another 30 introduced exotic and
commercial composites [5,6]. In West Africa, 63 local and 23 exotic cattle breeds have
been reported [7]. Indigenous breeds, which have long adapted to local environmental
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conditions, are a unique reservoir of genetic resources for the continuous improvement of
livestock productivity in Africa and elsewhere [8]. However, most of these breeds show
low productivity, which may reflect a lack of exploitation of their genetic potential as well
as inadequate nutrition, health services and management [9]. As a result, the production
of cattle-derived goods such as milk is grossly insufficient to meet growing demand in
various countries, necessitating the import of dairy products.

To improve cattle productivity in West Africa, diverse breeding strategies and policies
have been implemented. Like several other developing countries, West African nations
have mostly adopted centralized breeding schemes entirely managed by governments with
minimal, if any, participation of farmers [10,11]. However, few cattle breeding programs in
Sub-Saharan Africa have been successful [4]. Previous studies investigated cattle breeding
programs implemented in the area, with trypanotolerant N’Dama cattle in Senegal, Mali,
and The Gambia [12–20]. Other breeding schemes involving those and other breeds have
also been implemented but analyzed in less depth [21,22]. This highlights the need for a
comprehensive review of all major breeding programs in West Africa.

To address this gap, the current review consists of three parts. First, it provides an
overview of cattle breeds, traits and production systems in the region. Second, it describes
in detail six historical and ongoing breeding programs with local cattle breeds, based on
scientific publications and unpublished project reports (see Supplementary Materials).
To supplement written documents, we conducted informal discussions via email with
government technicians in the Ministry of Livestock Resources of Burkina Faso, as well as
with extension workers and former employees of some projects. For each breeding program,
the review aims to provide context, breeding objectives, breeding schemes applied, and
genetic progress achieved. In the case of N´Dama genetic improvement programs in
Senegal and Mali (Cases 1 and 2), the description provided here is largely a translation
from French publications [15,17].

2. Review of Cattle Breeds and Genetic Improvement Programs
2.1. Cattle Breeds, Traits, and Production Systems in West Africa

The origin, characteristics, and distribution of African cattle are well documented [1,4,
5,23,24]. Breeds can be subdivided into the humped Bos indicus, the humpless Bos taurus
and the following three combinations: Sanga, which is a stable cross of Bos indicus ×
Bos taurus; Zenga, a stable cross of Sanga × B. indicus; and recently derived composite
lines, including crosses with exotic temperate breeds [8]. Cattle distribution in Africa
depends primarily on socio-economic and environmental factors, such as use of animals
for pulling/towing, religious and cultural preferences, availability of feed, pressure from
disease and parasites, and ecology [25].

Most cattle production in West Africa occurs in the Sahel, which serves as a geographic
and ecoclimatic “bridge” between the Sahara and southern savannas. This area represents
a unique geo-climatic territory including very different ecological areas within a few
hundred kilometers [26]. Historically, 13 Zebu breeds have inhabited the dry savanna
zone and Sahelian belt, while 11 taurine breeds (Longhorn N´Dama, Kuri and Shorthorn
breeds) have been widely distributed across the moist savanna and sub-humid coastal
forest belt [5,8]. However, this distribution has been changing as frequent droughts in
the Sahel have driven pastoralists to migrate with their Zebu to humid and sub-humid
areas [26–30]. Nowadays, Zebu are widely distributed across different agro-ecological
areas of West Africa (Table 1). One analysis [31] has described the following 13 local Zebu
cattle breeds in seven countries belonging to the area known as “Centre International de
Recherche-Développement de l´Elevage en Zone Subhumide”: N’Dama, Kouri, Baoulé-
Somba group, Lagoon cattle group, Azawak Zebu, Maure Zebu, Touareg Zebu, Goudali
Zebu, Bororo Zebu, White Fulani Zebu, Djelli Zebu, Fulani Sudanese Zebu and Gobra Zebu
(Toronke). All these local breeds serve mainly for beef production but for other purposes
as well [4,5].
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Table 1. West African native cattle breeds: geographic distribution, height at withers and body weight.

Type Breed Area/Countries HWM HWF BWM BWF References

Taurine

N´Dama Guinea, Mali, Senegal, The Gambia,
Côte d´Ivoire, Burkina Faso, Benin 95–120 90–115 220–360 180–300 [15,26,30,32]

Baoulé/Lobi Côte d´Ivoire, Burkina Faso, Ghana 100–106 90–103 160–300 150–240 [5,26,31,32]
Kouri Niger, Nigeria 140–180 126–145 500–750 360–450 [5,26,31,32]

Lagunaire Benin 89–106 85–103 180–280 165–262 [5,26]
Somba Benin, Togo 89–106 85–103 150–215 115–185 [23,31,33]

Bourgou Benin - 112.1 - - [26,34]
Muturu Nigeria, Benin 85–95 83–93 - - [5,25,35]

Kuri Niger, Nigeria 140–180 126–145 500–750 360–450 [5,32]

Zebu

M´Bororo Burkina Faso, Nigeria, Mali, Benin, Niger 128.4 122.1 - - [26,31,36]
Azawak Niger, Mali, Burkina Faso, Benin 128–135 122–130 350–500 300–410 [5,26,31]

White Fulani Nigeria, Niger, Mali, Benin, Ghana 130–152 118–138 425–665 250–380 [5,31,37]

Sudanese Fulani Burkina Faso, Bénin, Côte d´Ivoire, Mali,
Togo 120–138 115–126 280–345 248–300 [5,26,31,36]

Goudali Nigeria, Niger, Benin, Burkina Faso, Ghana,
Mali - 178.2 - 388.42 [31,37]

Gobra Senegal, Mali 130–144 124–140 300–350 250–300 [5,31,38,39]

Maure Mauritania, Senegal, Mali, Niger, Côte
d´Ivoire 125–140 110–128 250–700 250–350 [5,31,38,39]

BWF, body weight of adult female; BWM, body weight of adult male; HWF, height at withers of adult female; HWM, height at withers of adult male.
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Indigenous breeds are the foundation for cattle production in this continental region.
They are resistant to diseases and drought, can walk long distances and survive on poor
pastures, and show good fertility [40]. Farmers exploit these adaptive traits to use the
animals for pulling/towing work and for producing milk and meat [5]. Surveys indicate
that farmers derive not only these benefits from their cattle, but they also use the animals for
ceremonies and for dowries, and for producing fertilizer (manure) and hides [22,30,41,42].

Taurine cattle are found mostly in the tsetse-infested southern Sudano-Guinean area
of West Africa, reflecting their tolerance of trypanosomiasis [43,44]. Reared in sedentary
systems, taurine cattle are used mostly for meat, socio-cultural needs and pulling/towing
power, except for N´Dama cattle, which in some regions are also used to produce milk.
Zebu cattle, which are kept in pastoral and agropastoral systems, are used more for
milk production because of their higher productivity [22,30]. Nevertheless, farmers in
various areas rear multiple cattle breeds in mixed herds in order to benefit from their
complementarity. For example, Baoulé cattle are sometimes preferred to Zebu because
of their greater disease resistance and grazing ability, while Zebu are preferred to Baoulé
because of their higher milk yield, larger size and fecundity, faster growth and stronger
traction ability [45,46].

2.2. Genetic Improvement Programs of Local Breeds in West Africa

The different experiences of breeding programs involving local cattle breeds in West
Africa are summarized in Table 2. This list, which is not exhaustive but instead reflects
the availability of documentation, includes “closed nucleus”, “open nucleus”, “dispersed
nucleus” and community-based breeding programs originally implemented within the
framework of research and development projects. Closed nucleus schemes carry out ge-
netic improvement efforts exclusively at central stations and distribute improved animals
to farmers. Open nucleus programs rely on central stations but also bring in promising
animals from farmers’ herds [47,48]. Dispersed nucleus schemes carry out genetic im-
provement in herds of elite farmers, from which breeding animals are distributed to other
farmers [48]. In community-based breeding programs, farmers keep all breeding animals
and the best young animals are selected for breeding in a communal way, with support
from experts [49]. This review does not include traditional breeding practices implemented
by pastoralist and transhumant herder societies in West Africa.
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Table 2. Six local cattle breeding programs in West Africa.

N´Dama in Senegal N´Dama in Mali N´Dama in the Gambia Azawak Zebu in Burkina
Faso Fulani Zebu in Burkina Faso Baoulé and Baoulé x Zebu

Crosses in Burkina Faso

Period 1972–ongoing 1975–ongoing 1994–ongoing 2000–2015 2005–2018 2016–ongoing

Breeding objectives Meat, milk and
trypanotolerance Meat and trypanotolerance Meat, milk and

trypanotolerance Milk Milk and control of
inbreeding Meat and trypanotolerance

Animals selected Males and females Males Males and females Males Males and females Males

Selection criteria

Females: milk performance.
Males: body weight at 18

months and daily gain from
18–36 months

Coat color, Body weight at
18 months, Daily gain from

18–36 months

Females: milk performance
in the 100 first days of

lactation. Males: daily gain
from 0–10 months and

15–35 months

Daily gain and libido at
30 months

Females: own maternal line
milk performance. Males:
daily gain and libido at

30 months

Body weight at 3–5 years,
Daily gain until 6 months

Breeding scheme Open nucleus Open nucleus Open nucleus Dispersed nucleus Dispersed nucleus Village breeding

Number of tiers 3 3 3 2 2 1

Location of nucleus Public research center Public genetic improvement
center Public research center Breeders’ farms Elite farms in villages no nucleus

Size of nucleus 200 females
4 males not reported not reported not reported 233 females

28 males not reported

Recording site Station Station Station Station Farm Farm

Genetic evaluation BLUP in 2012 In 1984 BLUP in 2007 No No Phenotype deviation

Participation of farmers Breeding, reproduction, and
dissemination units

Reproduction and
dissemination units

Reproduction and
dissemination units Dissemination unit

Selection criteria, Selection
based on recorded

performance (selection
committee)

Selection criteria, Selection
based on recorded

performance (selection
committee)

Stakeholders involved NGO, National research
center

NGO, National genetic
improvement center,

Government extension
service

NGO, National research
center

NGO, National genetic
improvement center,

National research institute

NGO, Farmers´ organization,
Ministry of livestock resources

and extension services,
Genetic improvement center

National and foreign
partner universities,

National research institute,
Government extension

services

Breeders´ association Yes No Yes Yes Yes Being set up

References [15–18] [15–18] [12–14,19,20] Project reports [50] Project reports [21,22]

BLUP, best linear unbiased prediction; NGO, non-governmental organization.
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2.2.1. Case 1: N´Dama in Senegal

Context and breeding objectives: This program was set up in 1972 in Casamance and
Kolda, in the southern sub-humid area of Senegal, with funding from the “Fonds Africain
de Coopération (FAC)” and the government. The breeding objective was to improve beef
performance of N´Dama cattle [15,17], which were selected because of their cultural and
socio-economic importance as a form of savings, dowry, insurance and gifts. To involve
farmers and their objectives in the program, an Open Nucleus Genetic Improvement
System was adopted in 1991. Milk performance and trypanotolerance were included as
breeding objectives [17]. However, trypanotolerance was not directly considered in the
selection process [15]. Since 2008, the program has been funded by the African Develop-
ment Bank and the Food and Agriculture Organization (FAO) in the context of the “Projet
de Gestion Durable du Bétail Ruminant Endemique (PROGEBE)” (Sustainable Manage-
ment of Endemic Ruminant Livestock Project). Milk production, beef performance and
trypanotolerance have been maintained as primary objectives.

Breeding scheme: Several breeding schemes have been implemented since 1972. The
current stage of the program started in 2008 as a 3-tier open nucleus scheme consisting of a
selection unit and a reproduction unit consisting mainly of herds of farmers in a cooperative
of N´Dama cattle breeders (CASE N’Dama) and a dissemination unit (village herds) [16].
One of the operational objectives has been to keep a breeding unit with 200 females and
4 males with a change in inbreeding rate per generation of ∆F = 0.039. This system allows
introduction and performance testing of 12- to 24-month-old bulls from village herds. In
contrast to previous schemes, this program has allowed farmers to participate through
their cooperative by providing candidates for the breeding unit, managing reproduction
units and disseminating improved animals.

Selection process: in the current open nucleus system, two preselection steps are per-
formed before the final selection when bulls are 36 months old. Bulls 6–18 months old are
eligible for preselection based on body weight, and bulls weighing more than 150 kg at
18 months are preselected. Performance of preselected bulls is tested from 18 to 36 months
based on daily gain. Originally the selection criteria were meant to include hematocrit
values as an indicator of trypanotolerance, but this was never implemented. The breed-
ing program claims indirect selection for trypanotolerance due to the positive correlation
(0.40–0.70) between hematocrit and growth. Best linear unbiased prediction (BLUP) indi-
cates genetic gain of 0.43 kg per year for weight at 36 months, while heritability estimates
are 0.07 for birth weight and 0.12 for weight at 36 months.

2.2.2. Case 2: N´Dama Cattle in Mali

Context and breeding objectives: genetic improvement of N´Dama cattle started in 1975
with the objective of improving and conserving trypanotolerant N’Dama cattle in their
environment, particularly with respect to beef performance. Originally restricted to a
government ranch, the system has since been implemented at various locations. Like Case
1, the current form of Case 2 began in 2008 with funding from the African Development
Bank and the FAO through PROGEBE [15,17].

Breeding scheme: a closed nucleus breeding system based on mass selection was imple-
mented on the ranch from 1981 to 1986. Feed and budgetary limitations in the ranching
system led to a shift toward participatory management involving livestock technical ser-
vices and farmers. As a result, selected animals on the ranch were transferred to village
farms between 1991 and 1993 in order to test their adaptability to village conditions and
strengthen farmer participation in the selection process by including their objectives and
practices. This dissemination process was based on a contractual system in which farmers
had to return the same number and sex of animals to the ranch after 10 years. A selection
scheme based on an open village nucleus was established, but the program failed because
of financial difficulties. In 2008, PROGEBE implemented a new center based on an open nu-
cleus selection scheme. The animals previously loaned to farmers were used to reconstitute
the selection unit at the “Centre de Conservation et de Multiplication du Bétail Ruminant
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Endemique de Médina Diassa (CCMD/BRE)” (Endemic Ruminant Livestock Reproduction
Center).

Selection process: animals were selected based on coat color and conformation. Un-
blemished fawn animals with massive, stocky conformation were preferred. Animals
meeting these conditions were selected based on their daily gain between 8 and 18 months,
as long as their weight at 18 months exceeded 150 kg. Trypanotolerance was included in
the selection process, and low drug absorption was screened as an auxiliary trait.

2.2.3. Case 3: N´Dama Cattle in the Gambia

Context and breeding objectives: the program started in 1995 at the International Trypan-
otolerance Center [12–14,19,20]. The aim was to improve the welfare of the livestock owners
and their families through better performance and increased livestock productivity (Bosso,
2006). The program was funded by the Bundesministerium für Wirtschaftliche Zusam-
menarbeit (BMZ) of Germany from 1994 to 1998, by the FAO until 2000, by the European
Union through the project “Programme de Concertation de Recherche-Développement de
l´Elevage en Afrique de l´Ouest (PROCORDEL)” (Livestock Research-Development Con-
certation Program in West Africa) until 2008, and since then by the African Development
Bank and FAO through PROGEBE [15,17]. The breeding objectives of increasing meat and
milk production without compromising cattle adaptation and resistance to disease were
defined in a participatory way with farmers [19,20,51].

Breeding scheme: an open nucleus scheme was adopted involving 3 units and selection
units in one area with moderate tsetse fly prevalence (Kenaba) and one area with high
tsetse prevalence (Bansang). Favorable conditions at the Kenaba selection unit led to good
birth and weaning rates. Trypanotolerance and adaptation were tested in Bansang.

Selection process: since 2008, a complex selection index has been used that includes
growth performance of young bulls and their relatives. At Kenaba, calves were selected
based on their daily gain from 0 to 12 months. After weaning, selected calves were
transferred to Bansang for performance testing, where the best bulls were selected using an
index that took into account their daily gain from 15 to 36 months and the milk productivity
of their dams [14]. Each year, the 2 best bulls and 55 best females replaced the males and
females in the breeding unit. The second-best bulls were sent to reproduction units, while
non-selected bulls were sold to butchers. Selection was carried out in a participatory
way by staff from the National Agricultural Research System and by farmers. Genetic
monitoring using BLUP showed annual genetic gain of 0.40 kg and heritabilities of 0.48 for
body weight at 12 months and 0.28 for weight at 36 months.

2.2.4. Case 4: Azawak Zebu Cattle in Burkina Faso

Context and breeding objectives: in the 1990s, programs have been promoted in Burk-
ina Faso to enhance local dairy production (and thereby reduce milk and dairy product
imports), exploit the genetic potential of local breeds, increase the consumption of animal
proteins by rural populations and increase farmers’ income. Between 2000 and 2015, the
development project “Projet de Soutien a la Diffusion du Zebu Azawak” (Project to Support
the Dissemination of Azawak Zebu) was implemented with funding from the Belgium
Technical Cooperation (BTC) to improve local dairy production. Pure Azawak Zebu were
introduced and continuously backcrossed with the local Fulani Sudanese Zebu. The final
phase (2011–2015) of the 3-phase project was funded by the BKF program of the Luxem-
bourg Development Cooperation and focused on restoration of degraded pastures. The
final phase was carried out at 11 sites (communes) in the Sahel region (Dori, Djibo, Yalgo,
Gorom-Gorom, Bajni, Taparko, Arbinda, Kelbo, Pobe-Mengao) and central region (Ziniaré
and Ouagadougou) of Burkina Faso. The overall project involved 329 farmers and about
2400 animals. Farmers at each site were organized into 11 Azawak Zebu breed associations,
which together made up the National Union of Azawak Zebu Breeders (see Supplemen-
tary Materials 1). The stated goals of the program were to increase the population of
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Azawak Zebu, establish a participatory genetic improvement strategy, optimize animal
management to increase milk and meat production, and improve the skills of farmers.

Breeding scheme: a dispersed nucleus scheme was implemented [48,49]. Pure Azawak
Zebu were subjected to within-breed selection, while Azawak and Fulani Sudanese Zebu
were subjected to absorption crossbreeding involving Azawak Zebu bulls.

Selection process: pure Azawak Zebu bulls 9–12 months old were recruited for per-
formance testing at a central station that was equipped to perform artificial insemination.
Testicle size, chest girth, body weight and libido were recorded, and the bulls were trained
for sperm collection. Sperm quality was evaluated. Bulls at 30 months of age were ranked
according to a selection index based on daily gain and libido, then selected by a committee
including technicians and farmers. The best bulls were selected and reintroduced into
herds as sires, while non-selected and crossbred bulls were destocked. From the start of the
program until the end of the second phase, the numbers of pure Azawak Zebu increased
by 20%; F1 crosses, 364%; F2 crosses, 500%; and pure Fulani Zebu, 483%. The increase
in number of pure Fulani Zebu reflected the recruitment of females for crossbreeding.
Absorption crossbreeding was judged effective because the prevalence of this genotype in
herds decreased from 65.8% in 2004 to 51.8% in 2007. In addition, F3 crossbreds appeared
in the breeding population. Birth weight was significantly smaller (p < 0.05) for pure
Fulani Zebu (18.9 ± 3.4 kg) than for pure Azawak Zebu (20.5 ± 3.4 kg), F1 crossbreds
(20.6 ± 3.7 kg), and F2 crossbreds (20.9 ± 2.4 kg). Milk yield during 186 days of lactation
was 625 ± 198 kg for pure Azawak Zebu, 516 ± 218 kg for F1 crosses and 560 ± 220 kg for
pure Fulani Zebu [50].

2.2.5. Case 5: Sudanese Fulani Zebu Cattle in Burkina Faso

Context and breeding objectives: Fulani Sudanese Zebu cattle, the most important breed
of Burkina Faso, has traditionally been kept in the Sahel region, and the cattle are well
adapted to the harsh environmental conditions there. However, traditional breeding
practices appear to have reduced productivity (see Supplementary Materials 2 and 3).
Use of bulls for as long as 7–8 years and selection of replacement bulls from among
offspring in the same herd are thought to have increased inbreeding levels. In general,
cows with low milk yield were not milked but instead returned to reproduction early,
resulting in calving intervals of 12–18 months, shorter than the intervals of 18–24 months
for cows producing more milk, which also reflects lactation anestrus. Failure to exclude
individuals with low milk production led to an increase in offspring from such cows.
In response to this situation, a genetic improvement strategy was implemented through
the development project “Projet d´Appui au développement du Zebu Peulh au Sahel”
(Project to Support the Development of Fulani Zebu in the Sahel), funded by the BTC and
implemented by Veterinarians without Borders Belgium in collaboration with “Association
Nodde Noto”, a local non-governmental organization (NGO). The project began in the
province of Oudalan in 2005 and operated until 2018. Its objective was to combine farmers’
traditional knowledge with technical selection criteria to set up a breeding program that
would control inbreeding and improve the productivity of Fulani Zebu. In particular, the
project aimed to increase milk yield per cow per lactation, fertility, and the number of
weaned calves per cow per year (see Supplementary Materials 2 and 3). Selection criteria
were determined in a participatory manner, and farmers came up with a long list of possible
traits. The project team, representatives of the Ministry of Livestock Resources, and farmers
ranked the animals and kept the most important ones. For bulls, the preferred traits were
milk production of the dam, body size, head and neck profile, large ears, long tail, and
good conformation. For females, the preferred traits were milk production, docility, large
pelvis, large and well-fixed udder, long and soft teats, belly size and fertility.

Breeding scheme: this project implemented a dispersed nucleus breeding system [48,49].
The selection unit was elite farmers whom the project team had selected because their herds
contained top-breeding females with good maternal lines, they employed good husbandry
practices and they were willing to adopt the project strategy and follow its rules. Farmers
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in the reproduction unit were selected by farmers’ organizations. The project started with
28 farmers in the selection unit and with 233 breeding cows and only 6 bulls that met the
project’s criteria for good breeding. The project also purchased additional bulls to supply
all 28 herds. A performance testing unit was planned for rearing young bull candidates for
selection, but this proved technically difficult and unappealing to farmers, who preferred
to keep the young candidates in their own herds. In the end, farmers were allowed to
keep their young bulls, and local barns were built for periodically testing young candidate
performance.

Selection process: a controlled mating system was implemented in the selection unit,
involving top females from good maternal lines and selected bulls. Offspring performance
was recorded and young bulls were ranked into 4 groups based on an index that took into
account growth, size, and sexual activity. The top bulls (group 1) were distributed to the
farmers in the breeding unit; group 2 animals, to farmers for reproduction; and group 3,
to farmers who were not part of the breeding program. Group 4 animals were fattened
and sold on the market. A selection committee of 3 farmers and 4 representatives from
the Ministry of Livestock Resources and other professional organizations oversaw bull
selection.

2.2.6. Case 6: Baoulé Cattle and Baoulé x Zebu Crossbreds in Burkina Faso

Context and breeding objectives: Baoulé cattle, locally called Lobi, are the most important
taurine breed in Burkina Faso. Like many West African taurine breeds, the small but
trypanotolerant Baoulé in the hot, humid agroclimatic areas of the country is under pressure
because of indiscriminate crossbreeding with Zebu. Since 2016, community-based breeding
programs have been implemented for local Baoulé cattle and crossbreds in southwestern
Burkina Faso [21,22]. These programs were funded by the Austrian Development Agency
through the project “Local cattle breeds of Burkina Faso—Characterization and sustainable
use” (LoCaBreed) of the Austrian Partnership for Higher Education and Research and
Development. One of the goals of this research and development project was to implement
sustainable breeding programs to preserve and improve local cattle breeds. Three breeding
programs were implemented in three communities, each with a different production system,
involving altogether 100 farmers and 2000 animals. One breeding program involved pure
Baoulé cattle in a sedentary system and the native community in the commune of Bouroum-
Bouroum, another involved crossbreds in a sedentary system and a native community
in Loropeni, and the third involved crossbreds in a transhumant system and a migrant
community in Kampti. A participatory approach was used to define breeding objectives:
farmers were surveyed about their trait preferences and how they ranked their own herd
animals [22]. These investigations showed that body size was the most important selection
criterion, indicating that farmers were interested in productive traits. As a result, the
programs aimed to improve body size by selecting for weight at a given age and daily gain.

Breeding scheme: village breeding schemes were implemented according to the
community-based approach [49], which encourages strong participation of farmers at
all stages, from design to implementation. The village herd was considered the unit of
selection, and only young males were selected.

Selection process: Body weight of young bull candidates was recorded once and again
6 months later. A general linear model (GLM) was used to examine body weight and
weight gain over time, accounting for the linear and quadratic effects of age. An index
was calculated that equally weighted current, age-corrected body weight and growth
during the previous six months. Animals were classified into 3 groups based on this index,
and animals that were heavier and/or growing faster for their age were ranked higher.
Trypanotolerance was not included in the selection index; faster-growing young bulls were
assumed to be more trypanotolerant [21]. To give farmers full participation in selection,
selection committees in each locality comprised 3 local men, 2 women and one person
younger than 25. Committees were provided with weight and growth data for each of
the 3 groups of bulls, then they were asked to choose the best bull from each group and
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to explain their choices. By 2020, 3 rounds of selection involving 200 candidates were
performed, leading to the selection of 70 animals that were distributed for breeding.

3. Discussion
3.1. Context, Breeding Objectives and Selection Criteria

In West Africa, modern efforts at animal genetic improvement began when colonial
settlers with intimate knowledge of specialized breed performance carried out crossbreed-
ing with domestic livestock [52]. However, the sustainability of crossbreeding in West
Africa was called into question when these projects faltered for lack of funding and the
inability of crossbreds to adapt to deteriorating feed quality and to local diseases. As a
result, attention shifted away from crossbreeding toward pure breeding in order to ex-
ploit the adaptive features of local breeds [52]. Among the breeding programs covered in
the present review, the earliest started in the 1970s in Senegal and Mali, and the various
programs have involved local Zebu and taurine cattle and have relied on within-breed
selection (N´Dama, Fulani Sudanese Zebu, Baoulé), crossbreeding (Baoulé × Zebu) or
breed substitution (Azawak Zebu).

Many livestock improvement programs in developing countries have failed because
they did not allow farmers to participate in the setting of breeding objectives [53–55].
Taking into account farmers’ knowledge and preferences about breeding goals is essential
for breeding programs that target extensive smallholder production, where animals are
kept for a variety of purposes [49] and where economic considerations are not necessarily
the only criterion, in contrast to conventional market-oriented breeding programs [56]. In
traditional systems, defining realistic, feasible and measurable breeding objectives that
reflect beneficiaries’ various needs is a challenge. The main breeding objectives for the
programs in the present review have been meat and milk production as well as trypanotol-
erance (Table 2). These objectives were set after investigating farmers’ trait preferences in
a participatory manner at the start of breeding programs involving Fulani Zebu, Baoulé
and crossbreds in Burkina Faso or N´Dama cattle in The Gambia [20,22]. In contrast, the
objective of improving beef performance in programs involving N´Dama cattle in Mali
and Senegal was decided without involving farmers. Nevertheless, the program in Senegal
later included milk as a breeding objective based on farmers’ interest [17], although this
goal may have been less realistic given the breed’s low milk performance.

In addition to productive traits, disease resistance was considered in programs involv-
ing N´Dama, Baoulé and crossbred cattle in Burkina Faso. However, breeding programs
included this trait in different ways. In Mali and Senegal, the emphasis was on coat color,
given that coat color may be more or less attractive to tsetse flies and so can influence
trypanotolerance [57]. However, a study of Ethiopian cattle has questioned whether coat
color or coat pattern influence risk of tsetse infection [58], contrary to popular perception.
Indeed, fitness traits associated with disease resistance are difficult to analyze and select
for, even in sophisticated breeding systems [59]. In the breeding program in The Gambia,
young bull candidates were reared in tsetse-infested areas. In Senegal and in the Burkina
programs involving Faso Baoulé and Zebu × Baoulé crossbreds, selection took into account
the positive correlation between growth and disease resistance: young bulls showing good
growth performance were assumed to be more trypanotolerant.

Among the various traits preferred by farmers, it is important to focus on a few that
represent breeding goals and are heritable and easy to measure [53]. In the breeding
programs in Burkina Faso involving Sudanese Fulani and Azawak Zebu, the breeding
traits were either too numerous (Azawak Zebu), or they were difficult to measure, such as
libido.

Promotion of good breeding practices can help reduce inbreeding, but this may be
overambitious for breeding programs in West Africa, where farmers in extensive production
systems typically do not record pedigrees. The Fulani Zebu program in Burkina Faso
meant to control inbreeding, but the inbreeding level of the population was never analyzed.
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Nevertheless, inbreeding levels of local cattle in certain parts of Burkina Faso have proven
to be lower than expected [60].

3.2. Breeding Schemes and Selection Processes

This review covered open nucleus, dispersed nucleus, and village breeding programs
(Table 2). In the N´Dama cattle programs in Senegal and Mali, practical constraints led
systems to evolve from closed to open nucleus. Open nucleus breeding allows animals to
flow between the nucleus and local population in both directions, while the closed scheme
allows animals to flow only from the nucleus into the population. Nucleus programs can
allow accurate recording of performance in developing countries where such recording
does not normally occur on farms [61]. However, nucleus programs require adequate
infrastructure and technical input to operate sustainably [62]. Many such programs in
developing countries have failed for lack of sustainable support and involvement of the
community [53–55]. The success of a nucleus program in West Africa involving Djallonke
sheep reinforces this point: the program enjoyed strong support from the government and
other sources, and the community participated actively [63].

In closed nucleus programs, maintaining and feeding animals in the breeding unit
is costly, which led to the failure of such initiatives in Mali and Senegal. Furthermore,
farmers in those programs were not willing to bring their best animals to the breeding
unit at the central station [48], which was also the case of farmers in the Sudanese Fulani
Zebu program in Burkina Faso, who ultimately were allowed to keep the bull candidates
in their herds. Dispersed nucleus systems, in contrast, may be less expensive because
animals are handled and managed by the farmers themselves. Working with a dispersed
nucleus of interested farmers to distribute genetic gain to the village population can make
the breeding program more visible to the final beneficiaries [49].

A potential disadvantage of nucleus schemes is that improvement of local breeds in
research stations may not be fully transferred to farmers´ herds and flocks. This has led
many breeding programs to involve farmers and producers in defining breeding goals
and selection criteria [52]. This approach was adopted with Baoulé cattle and Baoulé ×
Zebu crossbreds in Burkina Faso as a result of shortcomings of previous approaches and
successes with community-based breeding programs involving goats and sheep in Eastern
and Central Africa [61,64–70]. Indeed, several studies recommend community-based breed-
ing programs for traditional, low-input smallholder farming systems [10,11,48,49,52,54].
In contrast to a conventional top-down strategy, a community-based approach involves
farmers in all steps of implementation in order to take into account indigenous knowledge
of breeding practices and objectives. Typically, these programs feature a single tier, with
no distinction between breeding and production units because all farmers involved are
both breeders and producers [70]. In the community-based program involving Baoulé
and Baoulé × Zebu in Burkina Faso, farmers were deeply involved at various stages of
implementation. This design exploited the potential of the village herd to provide a large
number of breeding candidates and intense selection.

3.3. Involvement of Stakeholders and Farmers

The sustainability of efforts to manage animal genetic resources depends largely on
the participation of a wide range of stakeholders, public and private [71], including govern-
ment, research organizations, NGOs, funding institutions and associations of breeders and
livestock keepers [18,48,71,72]. Research organizations provide scientific support for set-
ting breeding goals, for conducting genetic and economic assessments, and for developing
new techniques and technologies. Governments, NGOs, and funding institutions provide
financing, subsidies and capacity-building to enable farmers and their associations to man-
age breeding programs, monitor genetic progress and preserve breeds [18,71]. The six cases
in the present review varied in the extent of stakeholder involvement. In the programs
involving N´Dama cattle, research institutions were heavily involved in setting breeding
objectives, and in conducting genetic assessments with BLUP, which led to adjustments
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in the breeding schemes. In Burkina Faso, the national research institute INERA and the
Centre de Multiplication des Animaux Performants (CMAP) (“Center for Reproduction
and Dissemination of Improved Animals”) were involved in the breeding programs with
Azawak and Fulani Zebu cattle, while two universities and one research institute in Burk-
ina Faso collaborated with two universities in Austria to conduct the programs involving
Baoulé and Baoulé × Zebu crossbreds. These institutions helped define breeding objectives
and select breeding animals even in the absence of genetic evaluation. Such efforts can
contribute directly to building capacity among the next generation of specialists, reflected
in the doctoral students who worked on the breeding programs involving N’Dama cattle
in The Gambia or involving Baoulé and Baoulé Zebu crossbreds in Burkina Faso.

This collaboration highlights the potential for institutions in developed countries
to build capacity in developing countries. Nevertheless, lack of capacity is not the only
obstacle. Even though CMAP has the ability to perform artificial insemination, this tech-
nology has not been used in any of the cattle breeding programs in Burkina Faso. This
highlights the range of non-scientific and non-technical factors that can interfere with the
implementation of new strategies and tools of genetic improvement. These factors can
include weak management and excessive bureaucratic constraints [72,73].

The success of breeding programs depends on active participation not only of gov-
ernment and other institutional stakeholders, but also of farmers. The breeding programs
in the present review involved local farmers to different extents. The N´Dama breed-
ing program in The Gambia and the programs in Burkina Faso involved farmers in the
selection of breeding animals. Selection committees in the community-based programs
involving Baoulé and Baoulé × Zebu crossbreds took into consideration various social
actors, including women, in livestock activities. Associations of breeders can contribute to
self-maintenance and sustainability of breeding programs, but many areas lack such organi-
zations [72]. In most of the breeding programs in the present review, breeders’ associations
helped identify candidates for selection and helped disseminate selected animals. Develop-
ing countries should facilitate and promote the creation of cooperatives, associations, or
other community-level organizations of livestock keepers and should grant them appropri-
ate powers to play an important role in managing animal genetic resources [71]. External
support from various stakeholders is frequently necessary to initiate breeding programs,
but governmental support is necessary to ensure their long-term sustainability [49,71].

3.4. Access to Market and Funding

The ultimate objective of any breeding program is to improve farmers’ incomes and
livelihoods, and several studies in West Africa identified income generation as a key reason
for farmers to keep cattle [22,30,33]. Unfortunately, we were unable to identify any official
reports or research studies that assessed whether the breeding programs in this review had
improved beneficiaries’ livelihoods, despite the fact that the programs in Mali and Senegal
began in the 1970s. Breeding programs in West Africa should take a holistic approach that
includes the entire livestock value chain, from production to market. Thus, such programs
should tackle the challenges that face farmers who wish to take their cattle to market. For
example, many breeders may not go to market because livestock prices are dictated by
local traders who may give little consideration to performance [74]. The breeding programs
in the present review did not sufficiently emphasize the market. Creating strong linkages
between farmers and the market may encourage farmers to adopt new technologies and
techniques in veterinary care and nutrition as well as use better germplasm [74]. This could
in turn improve breeding programs.

All the breeding programs reviewed here were funded by outside donors and imple-
mented as development or research projects. Consequently, some of these programs ended
when the project lifecycle came to a close, such as the programs involving Fulani and Aza-
wak Zebu in Burkina Faso. Similarly, many breeding programs involving goats and sheep
in Brazil stopped for lack of resources [72]. Local governments in developing countries
often fail to provide financial support to continue successful breeding programs [62,72].
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Scarce interest from the public sector and inertia of farmers waiting for public support
contribute to lack of investment in breeding programs [72]. Genetic improvement programs
should be considered long-term investment projects, which require essential input, strong
institutional support, and sufficient funding from government to sustain operations [48,74].
Farmers themselves might even help fund breeding programs if they derived sufficient
economic benefit from them.

4. Conclusions

In this study we reviewed cattle breeding programs in West Africa by focusing on
six cases involving local breeds implemented within the last four decades, whose main
objectives were increasing meat and milk production as well as disease resistance. Context,
breeding objectives, and implementation were analyzed, including breeding scheme, selec-
tion process, stakeholders, outcomes, limitations and lessons learned. The main challenge
in all cases was definition of clear and realizable breeding objectives, which is usually
the case in extensive production systems. Different schemes including open nucleus and
dispersed nucleus were applied with various levels of farmers’ involvement. Most of these
programs were sponsored by external funding through development or research projects,
and some programs stopped after the projects’ lifespan. Most projects involved several
stakeholders such as NGOs, research institutions, universities, farmers’ organizations, and
genetic improvement centers, but in some cases their role was limited. Our review shows
that successful, sustainable cattle breeding programs in West Africa require strong, con-
tinuing support from local governments and other stakeholders. In return, such breeding
programs con contribute substantially to national economies and farmers´ livelihoods by
improving genetic resources.
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