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Abstract

West African (agro)-pastoralists have been increasingly using extra-household labour for the management of their
cattle herds. This paper seeks to identify the factors influencing cattle owners’ decision to entrust their animals and to
analyse the effects of the entrustment practice on the management and sustainable use of the animal genetic diversity
within herds. Two hundred and eleven cattle farmers, including absentee-owners (n = 90) who entrusted their animals
to professional herders, and owner-managers (n = 121) who look themselves after their cattle, were randomly selected
and surveyed in Boukombe district in northwest Benin, the origin of the West African shorthorn Somba cattle breed.
Households' socio-economic data and information on herds’ characteristics and management practices were collected
using semi-structured questionnaires. The binary logistic regression technique was used to predict the adoption of
entrustment by a given farmer in function of his herd’s and household's socio-economic characteristics. Effective
population sizes and inbreeding rates for the communal non-entrusted and entrusted Somba populations were
estimated and compared. The results revealed that the mode of acquisition of the initial stock, the total livestock units
owned and the farmer’s ethnicity were the most important determinants of entrustment. The Somba indigenous cattle
breed was threatened in entrusted herds by indiscriminate cross-breeding with Zebus. However, the non-entrusted
population appeared to be more exposed to high inbreeding risks. While entrustment represents a good alternative for
the efficient use of family labour, adequate strategies are needed to support this practice and encourage herd
managers to adopt improved husbandry practices and sound breeding strategies.
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Introduction
African pastoral systems are increasingly shaped by en-
trustment and herding contracts which are arrangements
between an owner and a herder who cares for the herd
against remuneration (Moritz et al. 2015). However, few

differences exist between these two arrangements. Hired
herding is a labour contract in which an owner pays a
herder a monthly wage and provides him with herding
equipment (shoes, clothes, stick) whereas entrustment is
a leasing contract in which an owner places his animals
with a herder who looks after them and has usufruct
rights over milk but is not paid a wage, although there
may be other forms of compensation, including cash
(Turner 1999; Moritz 2012a). Moritz et al. (2011) also
argued that when animals are entrusted, the herder has
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a personal interest in their welfare and that this is not
the case for animals placed with a hired herder. But,
since both practices refer to the use by households of
extra-household labour force or “non-family labour” for
tending the stock, we will further in this paper use the
term “entrustment” to design both practices.
Cattle herd entrustment is particularly widespread in

the West African region (Tonah 2012; Dafinger 2013;
Breusers 2014; Koffi et al. 2017) and is established in a
wide variety of circumstances, and under many different
terms (Turner and Hiernaux 2008; Turner et al. 2014;
Moritz et al. 2015). In addition to allowing farmers to allo-
cate more labour to their crop farming activities (Little
1992; Oksen 2001), especially when labour costs are high
(Nin-Pratt et al. 2010), entrusting the management of their
cattle herds to kinsmen or to hired herders helps them
make their accumulated wealth in animals invisible to
their fellow kin (Lont and Hospes 2004; Dafinger 2013).
Likewise, a successful entrustment favours both the estab-
lishment and the strengthening of social relationships
(Breusers 2014). Yet, according to several authors, this
practice is fraught with many disadvantages. Moritz
(2012b) identifies the risk of animal losses owing to theft
and/or herder negligence as the greatest disadvantage. Ac-
cording to Dafinger (2013), entrusting cattle is a highly
complex procedure that requires a great degree of trust.
Duguma et al. (2012) also mention the deprivation of the
owner from access to milk and milk products. Despite
these drawbacks, cattle entrustment is growing in import-
ance in the African pastoral systems (Toulmin 1992;
Turner and Hiernaux 2008; Moritz et al. 2011).
The implication of this practice for the conservation

and sustainable use of indigenous farm genetic resources
has been largely overlooked in previous studies. In both
cattle entrusting and herding contracts systems, farmers
entrust their animals or entire herds to individuals of the
Fulani ethnic group whose identity is linked to animal
husbandry. Yet, traditionally, Fulani herders are strongly
attached to humped cattle, commonly called Zebus,
(Boutrais 2007). Therefore, this practice could contribute
to the replacement in some herds of locally adapted but
very often perceived as low milk-producing humpless
cattle breeds with Zebus. This is especially evident when
the large share of the milk goes to the herders as part of
their remuneration. Blench (1999) has considered this
practice as one of the major factors contributing to the
decline of the Muturu cattle, a shorthorn cattle in
Nigeria, along with widespread indiscriminate cross-
breeding that threatens indigenous cattle breeds in sev-
eral African countries (Wollny 2003; FAO 2015; Mwai
et al. 2015). Indiscriminate cross-breeding refers to “a
spectrum of actions ranging from upgrading or cross-
breeding to complete replacement of a local breed with
imported animal genetic resources in an unplanned

manner and without adequate assessment of the per-
formance of the respective breeds under relevant pro-
duction conditions” (FAO 2007). Investigating the
relation between the practice of entrustment and the
sustainable use of genetic resources within herds is
therefore of great interest. Article 2 of the Convention
on Biological Diversity (UNEP 1992) defines sustainable
use as “the use of components of biological diversity in a
way and at a rate that does not lead to the long-term de-
cline of biological diversity, thereby maintaining its po-
tential to meet the needs and aspirations of present and
future generations”. Such needs and aspirations not only
include economical aspects but also socio-cultural and
environmental importance of animal genetic resources
(Rege and Gibson 2003; Nimbkar et al. 2008). Indeed,
ensuring that locally adapted breeds remain a functional
part of production systems is valuable, especially in the
current context of climate change (FAO 2007).
In the northwest Benin, the humpless West African

shorthorn Somba cattle (Fig. 1) traditionally kept in
smallholdings in family-managed herds (Fig. 2a) has
been increasingly entrusted to Fulani herders (Fig. 2b,
Dossa and Vanvanhossou 2016). According to Hall et al.
(1995), the Somba breed constitutes the residue of the
original ancestral population of West African shorthorn
preserved from admixture until recent years in Bou-
kombe in Benin – see later for details. While Dossa and
Vanvanhossou (2016) observed no exchange of repro-
ducers between entrusted and family-managed herds,
Hindar (2001) and Kamuanga et al. (2006) reported
breeding practices and indiscriminate cross-breeding as
the major factors inducing the reduction of the Somba
cattle population. Nevertheless, local farmers have
expressed their willingness to maintain this breed which
they prefer over other breeds for its several attributes in-
cluding milk and meat taste, keeping easiness, tolerance
to disease, tolerance to feed and to water shortage and
reproductive performances (Dossa and Vanvanhossou
2016). Therefore, by taking the Somba breed as an ex-
ample, this research aimed to (i) identify and analyse the
key factors determining the adoption of herd entrust-
ment to Fulani herders by autochthonous cattle farmers
and to (ii) establish the relation between this practice
and the conservation and rational use of local farm ani-
mal genetic resources.

Conceptual framework
The agricultural household model has been frequently
used to study household’s labour allocation, including its
demand for extra-household labour (Blanc et al. 2008;
Bagamba et al. 2009; Bedemo et al. 2013). In the current
situation where heads of households tend to be the
decision-makers regarding the household’s cattle herd
management and labour allocation in northern Benin
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Fig. 1 Photo of Somba cattle

Fig. 2 Owner-managed Somba herd (a). Entrusted Somba herd with Zebu and cross-breeds (b)
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(De Haan 1997), a reduced form of the agricultural
household model that only represents the decisions of
the head of household (Donnellan et al. 2012) seems to
be more suitable. We have drawn explanatory variables
from previous empirical studies on the decisions to use
extra-household labour or hired labour by smallholder
farmers.
A number of studies (Benjamin et al. 1996; Benjamin

and Kimhi 2006; Blanc et al. 2008; Omotesho et al.
2014) have pointed out the importance of family size in
smallholder farmer labour allocation decisions. Assum-
ing that family and hired labour are perfect substitutes
(up to a scale) on the farm, Blanc et al. (2008) observed
that the higher the total household size, the more avail-
able is the family labour and hence the lesser is the need
for hired labour. Similar observations were made by
Bedemo et al. (2013) and Omotesho et al. (2014). But as
pointed out by Roumasset and Lee (2007), family labour
and non-family labour will significantly differ in both
tasks and skills and are therefore not perfect substitutes.
Results of the study by Darpeix et al. (2014) found family
labour to be more substitutable for seasonal than per-
manent hired labour.
Significant negative relationships between family com-

position and use of hired labour were also reported
(Benjamin et al. 1996; Benjamin and Kimhi 2006; Blanc
et al. 2008; Bedemo et al. 2013; Omotesho et al. 2014).
That is, the more adults in the household, the more
labour it can supply both on- and off-farm and the less
likely the household hires labour.
The head of farm household’s level of education

(Omotesho et al. 2014; Benjamin et al. 1996; Benjamin
and Kimhi 2006; Blanc et al. 2008) as well as his main
source of income was also observed to affect his decision
to use hired labour. Murphy (2015) reported that cattle
owners who do not depend on their herds as the major
source of income were more likely to entrust their man-
agement to hired herders.
Among the farm characteristics, farm size was re-

ported to significantly and positively affect hired labour
use (Bagamba et al. 2009; Dupraz et al. 2010). Hence,
when a household is involved in both crop production
and cattle raising, one could expect that the larger the
household’s cultivated cropland, the higher its likelihood
to entrust its cattle herd to hired herders. Toulmin
(1992) argued that, in such a context, the cost of hiring
labour for herding is much less than a man’s grain pro-
duction in an average year. Likewise, Moritz et al. (2011)
reported a positive relationship between the size of the
cattle herd and the need for extra-household labour in
the Far North Region of Cameroon. It is thus expected
that the larger its cattle herd size, the greater the prob-
ability that a household requires extra-household labour
to look after its animals.

In summary, potential factors affecting the decision to
use agricultural extra-household labour are diverse and
may include the size and composition (age, sex) of the
family, the household head’s educational level and main
activity as well as the farm or herd size.

Study area
The study was conducted in Boukombe district, the ori-
ginal habitat of the Somba cattle breed kept around the
Atacora mountain area in northwest Benin, West Africa.
The Boukombe region lies between latitudes 10° 00′ and
10° 40′ North and longitudes 0° 75′ and 1° 30′ East. The
area has two seasons, one dry season (November–
March) and one rainy season (April–October) with an
average annual rainfall of 1000 mm and a temperature
ranging from 24 to 36 °C. In spite of the dominance of
rocky soils in this region, crop production is the main
activity for farmers followed by livestock keeping and
off-farm activities (Adégbidi et al. 2004).
The major cash crops are tobacco (Nicotiana taba-

cum) and cotton (Gossypium spp.) while sorghum (Sor-
ghum bicolor), millet (Pennisetum glaucum), fonio millet
(Digitaria exilis), rice (Oryza sativa), corn (Zea mays),
cowpea (Vigna unguiculata), peanut (Arachis hypogea),
yam (Dioscorea spp.) and potato (Ipomoea batatas) are
the main cultivated food crops. Livestock keeping, in
addition to cattle, includes mainly goat, pigs and poultry.
Common cattle breeds raised include the shorthorn tau-
rine Somba cattle (humpless), Zebus (humped) and var-
ieties of cross-breed between taurine and Zebus. The
Somba cattle, indigenous to the area, are small-bodied
with a relatively long and narrow head (Dossa and Van-
vanhossou 2016). This breed is also known to be toler-
ant to trypanosomiasis, a parasitic disease transmitted by
tsetse flies and endemic to the West African region (Ber-
thier et al. 2016).

Methods
Sampling procedure and data collection
The two administrative units (arrondissements) of Bou-
kombe and Korontiere were selected out of the total of
seven composing the district of Boukombe, because to-
gether they hold 37.56% of the cattle population of the
district (Gbaguidi et al. 2006). In contrast to Korontiere,
the human population in Boukombe is dominated by au-
tochthonous Otammari (INSAE 2016).
A total of fourteen villages (seven in each administra-

tive unit) were included in the study. In Boukombe, a
permission to conduct the survey was granted by the
local authorities only in seven villages out of a total of
seventeen, whereas all the seven villages composing Kor-
ontiere were included in the survey. The snowball sam-
pling technique was used to select and interview a total
of 122 livestock keepers in Korontiere and 102 in
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Boukombe, from May to July 2017. Out of 224 cattle
farmers surveyed, 121 were owners who themselves kept
their cattle (owner-managers), 90 were owners who
entrusted their cattle (absentee-owners) and 13 were
professional herders who kept entrusted cattle. Only
data collected from owner-managers and absentee-
owners were considered in the analysis of the determi-
nants of cattle entrustment. Information on general
household characteristics (household size, age and sex of
household head, ethnicity, educational level, cattle keep-
ing experience, off-farm employment, main source of in-
come), cattle herd composition, management practices,
practice of stock entrustment and practices of other
agricultural activities (cultivated land size) was collected
using a semi-structured questionnaire. In addition,
farmers' explanations regarding their reasons to entrust
or not their cattle were recorded and used to discuss the
results of statistical analyses. The identification of animal
breeds (Somba, cross-breed, Borgou, Zebu) was based
on farmers’ appreciations, considering animal history
and phenotypic observations (Fig. 3a–c). Recently,
Houessou et al. (2019) confirmed the accuracy of
farmers’ knowledge in distinguishing cattle breeds in
Benin based on morphologic traits. In addition, recent
genomic analyses showed very low admixture in animals
identified by farmers and sampled as Somba cattle
(Scheper et al. 2020).

Data analysis
Predicting the determinant factors of cattle entrustment
Firstly, exploratory bivariate analyses were carried out
using chi-square and Mann-Whitney U tests to compare
absentee-owners who entrust their cattle to herders and
owners who were managing themselves their cattle
herds. The investigated variables included the socio-
economic characteristics of the household head (age,
sex, educational level, ethnicity), the type and extent of
labour in the household (main activity and source of in-
come, size of the household, cultivated land size, number
of owned animals from other species), acquisition mode
and characteristics of cattle herds (animal age, sex and
breed composition). Subsequently, variables that showed
significant differences between the two groups of
farmers were considered as potential predictors and sub-
mitted to a binary logistic regression analysis using a
backward stepwise elimination procedure (Hair et al.
2006) to assess factors influencing farmers’ decision to
entrust their cattle. The dependent variable (cattle en-
trustment) is dichotomous and can take the value 1 (yes)
with a probability of success y, or the value 0 (no) with a
probability of failure 1–y. Independent variables or pre-
dictors are categorical or continuous. The analysis began
with the full model (Eq. 1) that included all potential
predictor variables. Variables that were not significant in

predicting the dependent variable were eliminated auto-
matically from the model in an iterative way.

logit y xð Þ½ � ¼ log
y xð Þ

1−y xð Þ
� �

¼ αþ β1x1 þ β2x2 þ…þ βnxn ð1Þ

where y is the dependent variable, x the predictor or in-
dependent variable, α the constant of the equation

Fig. 3 Examples of Zebu and cross-breeds observed in entrusted
herds. a White Fulani bull. b Zebu Azawak. c Goudali cross-breed
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(intercept) and β the regression coefficient of the inde-
pendent variables.
The positive or negative sign of the coefficient β indi-

cates the direction of the relationship between a given
independent variable (x) and the dependent variable
while the odds ratio (eβ) gives the relative amount by
which the odds of the outcome increases (if odds ratio >
1) or decreases (if odds ratio < 1) when the value of the
given predictor is increased by 1 unit, all other predic-
tors holding constant. The fit of the final model was
assessed by the model chi-square (model χ2) and its sig-
nificance, the goodness-of-fit test of Hosmer and Leme-
show, and the number of cases predicted correctly
(Hosmer Jr et al. 2013). Well-fitting models showed sig-
nificance (p ≤ 0.05) on the model χ2 and non-significance
(p > 0.05) on the goodness-of-fit test of Hosmer and
Lemeshow.

Exploring the relation between the practice of cattle
entrustment and the management of animal genetic
diversity within herds
Breeding practices and breed composition were com-
pared between entrusted and non-entrusted herds in the
Korontiere area, where most of the entrusted herds were
found. As previously observed by Dossa and Vanvanhos-
sou (2016), animals from non-entrusted herds are usu-
ally left unattended in the grazing areas around
homesteads, where they graze together and randomly
mate. On the contrary, entrusted herds were always
taken to pastures and attended by Fulani herders who
generally avoid any contact of their herds with other
herds and/or animals encountered in the pastures as a
preventive measure against infectious and transmissible
diseases. This attitude of the Fulani herders in the study
area towards foreign herds is in line with their common
value of reserve in personal relations with neighbouring
societies, one of the most important components of the
pulaaku concept, an ideological construct of the Fulani
identity (Breedveld and de Bruijn 1996). As a conse-
quence, there was no contact and exchange of repro-
ducers between entrusted herds and owner-managed
herds. However, exchange of reproducers sometimes oc-
curred between herds entrusted to Fulani herders.
Therefore, all animals from owner-managed herds that
were phenotypically identified by farmers as Somba cat-
tle were considered as one Somba cattle population
(communal not entrusted population, CNEP) and all
identified Somba animals in entrusted herds considered
as another Somba cattle population (communal
entrusted population, CEP). The effective population size
(Ne) and the rate of inbreeding (ΔF) were estimated for
each of the above-mentioned populations according to
Falconer and Mackay (1996) as follows:

Ne ¼ 4� N f � Nm

N f þ Nm
ð2Þ

ΔF %ð Þ ¼ 1
2Ne

� �
� 100 ð3Þ

where Ne is the effective population size, Nm the number
of Somba breeding males, Nf the number of Somba
breeding females and ΔF the rate of inbreeding.
An effective population is an ideal population with all

individuals mating randomly, equal numbers of sexes, no
variation of young per family and no overlapping genera-
tions (Lehmkuhl 1984). While inbreeding can be defined
as mating related animals, the rate of inbreeding ex-
presses the increase in average inbreeding level in a
population from one generation to the next. A rate of in-
breeding above 1% indicates that the increase in homo-
zygosity is greater than 1% per generation and increases
the risk that the population in the long run will not sur-
vive. It is therefore widely accepted that the inbreeding
rate in domestic animal populations should be kept
below 1% per generation. To achieve this, Franklin
(1980) suggested a minimum Ne of 50 breeding animals.
However, FAO (1992) notes that the rate of loss of gen-
etic diversity increases dramatically with Ne below 100.
Many approaches have been proposed and updated over
time to assess the risk status of livestock breeds (Loftus
and Scherf 1993; Gandini et al. 2004; Alderson 2009).
The risk status classification of the Somba cattle breed
in entrusted and non-entrusted herds was done accord-
ing to the most recent classification system by FAO
(2013), which is based on thresholds either on the num-
ber of breeding females or inbreeding rate (ΔF), and the
presence of active conservation programmes (Table 1).
All statistical analyses were done in IBM Statistical

Package for Social Sciences (IBM-SPSS for Windows)
version 20 and significant differences considered at p ≤
0.05.

Results and discussion
Socio-economic characteristics of cattle owners-managers
and absentee-owners
The use of extra-household labour in cattle management
is not new in the study area (Hall et al. 1995; Bedibete
et al. 2007). However, the nearly half of the cattle owners
surveyed in this study who were involved in this practice
supports its increasing importance. As shown in Table 2,
there was a significant relationship (χ2 = 65.66;
p ≤ 0.001) between the farm location and the adoption
of stock entrustment, this practice being more com-
monly observed in Korontiere than in Boukombe (69%
against 14% of respondents).
No significant difference in the age of household head,

the household size and the cultivated land size was
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observed between farmers who entrusted their stock and
those who did not. However, the decision of cattle
owners to entrust or not their animals was particularly
influenced by some individual socio-economic character-
istics. First, a significant relationship was observed be-
tween the ethnicity of the farmer and his adoption of
entrustment; herd entrustment was less (p ≤ 0.001) com-
mon among Otammari people than among other ethnic
groups present in the study area. Second, there was a
significant relationship (p ≤ 0.05) between the cattle

owner’s education and his adoption of entrustment,
whereby owners who can write and read were more
likely to entrust their cattle to herders. Likewise,
absentee-owners were more likely people who did not
experience cattle farming in their childhood and tended
to possess significantly higher (p < 0.01) numbers of cat-
tle and of other animal species than owners-managers
(Table 3). The use of extra-household labour for tending
cattle herds was also strongly related to the acquisition
mode of the initial stock (Table 4), thereby farmers who

Table 1 FAO system to assess risk status of livestock breeds (FAO 2013)

Status Conditions on the inbreeding
rate (ΔF)

Other conditions

Not at risk Population status is known or existing knowledge give evidence that the breed does not fall
in the other risk categories

Vulnerable 0.5 ≤ΔF < 1

Endangered-
maintained

1 ≤ΔF < 3 The breed is maintained by an active public conservation programme or within a commercial
or research facility

Endangered 1 ≤ΔF < 3

Critical-maintained ΔF≥ 3 The breed is maintained by an active public conservation programme or within a commercial
or research facility

Critical ΔF≥ 3

Table 2 Socio-economic characteristics of cattle owners-managers and absentee-owners

Overall (n = 211) Owners-managers (n = 121) Absentee-owners (n = 90) Chi-square p value

(%)

Sex

Male 94.3 93.4 95.6 0.452 0.501

Female 5.7 6.6 4.4

Ethnicity 42.84 0.001

Otammari 74.9 91.7 52.2

Others 25.1 8.3 47.8

Educational level 3.760 0.052

Non-educated 80.6 85.1 74.4

Educated 19.4 14.9 25.6

Cattle keeping since childhood 15.17 0.001

Yes 55.5 66.9 40.0

No 44.5 33.1 60.0

Off-farm employment 1.013 0.314

Yes 11.8 9.9 14.4

No 88.2 90.1 85.6

Main source of income 4.853 0.088

Crop farming 69.7 63.4 77.5

Livestock keeping 24.9 29.5 19.1

Off-farm employment 5.5 7.1 3.4

Means ± SD

Age of household head (years) 49.2 ± 14.29 49.0 ± 14.63 49.4 ± 13.93 Not applied 0.757

Household size (n) 8.1 ± 3.88 7.9 ± 3.98 8.3 ± 3.77 0.181

Cultivated land size (ha) 4.0 ± 2.46 3.5 ± 1.72 4.2 ± 2.70 0.306
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purchased their initial stock (52%) were more likely to
entrust their cattle than those who acquired it through
inheritance (37%). In addition, there was a significant re-
lationship (χ2 = 3.96, p < 0.001) between the breed com-
position of the initial stock and the adoption of
entrustment. Herds initially set up with only animals of
the indigenous Somba breed were less subjected to
entrustment.
Our findings revealed that most practitioners of cattle

entrustment were more likely educated people, who had
no previous experience in cattle keeping until they de-
cided to purchase their initial stock. The genetic com-
position of the latter, a mixture of the indigenous small-
bodied Somba and non-indigenous large-bodied Zebu,
and the large herd sizes, reflects the market orientation
of their production. The participation of rural people in
more remunerative off-farm activities increases with
their education level and decreases with their experience
in farming (Akaakohol and Aye 2014; VanWey and
Vithayathil 2013). Further, cattle herding requires skills,
agility and physical endurance (Moritz 2008). This might
explain why inexperienced cattle owners more likely
seek, through hiring extra-household labour, the neces-
sary skills required for the management of their large
herds and the achievement of their farm economic ob-
jectives while devoting their time and energies for other
livelihood activities (Majekodunmi et al. 2017; Koura
et al. 2015). Accordingly, absentee-owners justified their
entrustment practice by the unavailability of children

due to their schooling. As observed by Rege et al. (1994),
Somba cattle were traditionally taken to pasture by chil-
dren. This confirms therefore the unavailability of ap-
propriate family labour as a factor affecting the decision
to entrust Somba cattle. Following the same logic, the
fact that owners from the Otammari ethnic group who
have acquired their herds through inheritance continue
to ensure themselves the management of their animals
points out not only the weight of their experience in this
decision (given that they have their childhood roots in
cattle herding), but also their commitment to the con-
servation of the indigenous Somba breed. Indeed, the
majority of owner-managers argued against the practice
of entrustment as they considered that professional
herders take less care of Somba animals than their
owners and that milk offtake by professional herders
negatively affects calf growth.

Determinants of entrustment practice
The results of the logistic regression (Table 5) indicate
that owners’ decision to use extra-household labour
force in cattle herding was significantly affected by their
ethnicity, the mode of acquisition of the initial stock and
the total number of animals (TLU) owned. Without any
significant effect (p > 0.01), the experience in cattle farm-
ing (cattle keeping since childhood) was also identified
as a predictor in the final model predicting the decision
to entrust Somba cattle. Other factors such as household sex
and educational level, cattle herd size, initial stock breeds

Table 3 Number of cattle and other animal species per type of owner

Overall (n = 211) Owner-managers (n = 121) Absentee-owners (n = 90) Mann-
Whitney
U test (p
value)

Means ± SD

Cattle (n) 5.3 ± 4.12 4.8 ± 3.70 6.1 ± 4.53 0.040

Sheep (n) 3.1 ± 5.38 2.8 ± 5.26 3.5 ± 5.54 0.062

Goats (n) 3.6 ± 3.80 2.6 ± 3.18 4.9 ± 4.15 0.001

Pig (n) 1.5 ± 2.47 1.1 ± 1.70 2.2 ± 3.13 0.002

Total livestock (TLUa) 5.2 ± 3.56 4.6 ± 3.19 6.1 ± 3.83 0.001
aTLU tropical livestock unit: standardized animal of 250 kg live weight; 1 cattle = 0.8 TLU; 1 pig = 0.2 TLU; 1 sheep/goat = 0.1 TLU

Table 4 Initial stock breeds and mode of acquisition by cattle owner-herders and absentee-owners

Overall (n = 211) Owners-managers (n = 121) Absentee-owners (n = 90) Chi-
square

p
value(%)

Mode of acquisition 31.71 0.001

Inheritance 58.8 75.2 36.7

Purchase 33.6 19.8 52.2

Others 7.6 5.0 11.1

Initial stock breeds 13.960 0.001

Somba only 93.8 99.2 86.7

Somba and others 6.2 0.8 13.3
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and inheritance as mode of acquisition of the initial stock
were also tested with no significant effects on the model.
The ethnicity of the owner was revealed as the most

significant predictor of his decision to entrust or not his
cattle herd (p < 0.001). The Otammari ethnicity was
negatively related to entrustment (β = − 1.8), and the
likelihood of a farmer to entrust his cattle decreases 0.16
times when he belongs to this socio-cultural group. The
model also confirmed that entrustment was more likely
practised when the initial stock was acquired through
purchase (β = 1.1) than through inheritance, whereby
farmers who acquired their initial stock through pur-
chase were 3.1 times more likely to entrust their cattle
than others, cetaris paribus. Furthermore, the results
showed that when the number of total animals owned is
raised by one unit (one TLU) the odds ratio is 1.18 times
as large and therefore the owners are 1.18 times more
likely to entrust their cattle. A test of the full model
against a constant only model was statistically signifi-
cant, indicating that the predictors, as a set, reliably dis-
tinguished between owner-managers and absentee-
owners (model χ2 = 64.894, p < 0.001 with df = 4). Hos-
mer and Lemeshow test was not significant (χ2 = 10.093,
p = 0.259). Prediction success overall was 74.4% (60.0%
for absentee-owners and 85.1% for owner-herders).
The finding that owners from the indigenous Otam-

mari community, keeping the autochthonous Somba cat-
tle breed and recognized as custodians of the
autochthonous Somba cattle (Hall et al. 1995), were less
likely inclined towards the entrustment practice con-
firms their attachment to this breed. Indeed, like many
breeds worldwide, this breed is named after the ethnic
group, the Somba or Otammari which has over multiple
decades lived off and cared for it. It is thus the result of
many years of selection, techniques and management
strategies. Keeping small size herds of this breed appears
to be a cultural activity for Otammari people and

therefore a way to express their cultural or ethnical iden-
tity. Similar cultural importance was reported for the
Ankole cattle in Uganda (Ndumu et al. 2008). Hence,
Somba cattle-keeping under fortified houses known as
tata Somba (Zerbini 2012) is, like other cultural prac-
tices, preserved and transmitted from one generation to
the next. Furthermore, as the major land use in the Bou-
kombe region is subsistence agriculture, managing small
herds of Somba cattle gives Otammari people a great op-
portunity to use ox-ploughs to cultivate their land and
increase their farm’s productivity (Okello et al. 2015).
Cow dung is also recycled into house building material
(Boko 2016). We can thus argue that the high cultural
heritage value associated with cattle keeping in the
Otammari community limits the expansion of herd en-
trustment practice. Our findings thus confirm the influ-
ence of farmers’ socio-cultural characteristics, as well as
social norms, on changes or perpetuity in animal hus-
bandry practices as acknowledged by Lémery et al.
(2005) and Manoli et al. (2010). However, the increasing
importance of cattle entrustment by absentee-owners,
who are only interested in the cash benefits derived from
their entrusted herds, reveals a changing function of cat-
tle husbandry in the study area. As many rural and
urban African households are increasingly using this ac-
tivity as an entry point into the cash economy, they in-
crease their cattle herd size and change its composition
and management strategies to fit to their economic ob-
jectives (Giller et al. 2011; Baudron et al. 2014).

Implications of the entrustment practice for the
management of animal genetic diversity
Herds’ breed composition and structure
There was a significant relationship between the herd
status (entrusted or owner-managed) and its breed com-
position (χ2 = 10.012; p = 0.040). Most (97%) of herds
managed by their owners were of Somba cattle whereas

Table 5 Logistic regression predicting the practice of entrustment by cattle owners (n = 211)

Predictors β (coefficient) SE of β Wald’s χ2 df p eβi (odds ratio)

Constant 0.065 0.537 0.015 1 0.903 1.067

Ethnicitya − 1.819 0.422 18.53 1 0.000 0.162

Cattle keeping since childhoodb − 0.394 0.361 1.194 1 0.275 0.674

Purchase as the mode of acquisition of the initial stockb 1.142 0.382 8.951 1 0.003 3.134

Total livestock units owned 0.162 0.056 8.477 1 0.004 1.176

Test χ2 df p

Overall model evaluation 64.894 4 0.000

Goodness-of-fit test (Hosmer and Lemeshow) 10.093 8 0.259

−2 Log-likelihood 223.044

Cox and Snell R2 = 0.265

Nagelkerke R2 = 0.356
a1 = Otammari; 0 = others; b1 = yes; 0 = no
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in 33% of entrusted herds, Somba cattle were mixed with
other breeds, for instance Borgou, Zebu or their crosses.
Likewise, entrusted herds had significantly greater sizes
(p < 0.001) than owner-managed herds (55.8 ± 20.87
against 4.9 ± 5.35 heads). Further, the proportions of
adult animals (mature bulls, oxen and cows) were sig-
nificantly higher in non-entrusted herds while young an-
imals (calves and bull-calves) dominated in entrusted
herds.
There was a significant relationship (χ2 = 20.226; p =

0.01) between the herd type (owner-managed or
entrusted) and the presence of breeding males in the
herd. Almost all entrusted herds (83%) had at least one
bull whereas there was a total absence of a single bull in
65% of owner-managed herds. However, in the
remaining 35% of owner-managed herds where they
existed, the breeding males were all of Somba breed
whereas 27% of the bulls identified in entrusted herds
were of other non-local breeds (either Zebu or Borgou).
Irrespective of the herd type, the proportion of oxen in
the herd was higher than that of bulls and all oxen found
in both types of herd were of indigenous Somba cattle.

Effective population sizes and inbreeding rates of the
Somba cattle populations
Number of Somba breeding males (Nm) and females
(Nf), as well as estimates of effective population size (Ne)
are given in Table 6. The values of all these genetic pa-
rameters were greater for the communal entrusted
population (CEP) than for the communal non-entrusted
population (CNEP). In contrast, the estimated inbreed-
ing rates ΔF were relatively lower in the CEP and
reached the limit of 1% in the CNEP.

Entrustment practice and sustainable management of
Somba cattle breed
In the study area, extra-household labour for herding
was remunerated either in cash or/and in kind. Add-
itionally, in most cases, the totality of the milk offtake
from entrusted herd cows was at the discretion of the
herder and his household. Milk represents thus a regular
source of income for the entrustee’s household.
Absentee-owners and owner-managers are non-Fulani
and have little interest in milk. Similar disinterest in milk

has been reported in northern Ghana (Tonah 2012). It
further explains why, unlike in herds managed by their
owners who are all not from the Fulani socio-cultural
group, the management strategy in herds entrusted to
Fulani herdsmen was more focused on providing milk
for the herdsmen and their family (Dossa and Vanvan-
hossou 2016).
While an absentee herd owner’s objective is to

maximize herd growth, a high rate of income through
high herd milk productivity is certainly one, if not the
most important, motivation of the herdsman to whom
the herd is entrusted. The herd production is then ori-
ented towards the herdsman’s objectives as the herd re-
mains at his homestead. A similar observation was made
by Toure et al. (2015) in Mali. Yet, both the motivation
of the herder for milk and of the owner for economic
profitability through high herd growth rate certainly jus-
tify the significantly higher presence of Zebus and other
non-local breeds in entrusted than in owner-managed
herds as observed in this study. Moritz et al. (2011)
argue that motivation for cross-breeding often comes
from the Fulani herdsmen. They are aware that the gen-
etic make-up of the herd influences its milk and growth
performances (Boutrais 2007), and recent studies have
provided evidence that the large-bodied West African
Zebus and their crosses give higher milk yield than
small-bodied West African taurine breeds (Coffie et al.
2015; Hiernaux et al. 2017).
In entrusted herds, Zebus and their crosses are usu-

ally kept together with the indigenous shorthorn tau-
rine Somba breed. As a consequence, herders did not
have full control over mating and cross-breeding,
since they could not fully control the mating behav-
iour of individual animals in the herds. It is thus the
admixture of Zebus breeds in Somba breed resulting
from indiscriminate cross-breeding which, like in
other breeds, threatens the genetic pool of Somba
cattle populations kept in entrusted herds (Mwai
et al. 2015). Furthermore, although a nucleus of
Somba cows still remained in these herds, their male
offsprings (bull and calves) were often castrated. This
practice, also reported for the South African Nguni
cattle by MacNeil and Matjuda (2007) and Scholtz
et al. (2008), puts the native Somba breed at risk of

Table 6 Effective population sizes and inbreeding rates of the Somba cattle populations in Korontiere

Parameters Communal non-entrusted population (CNEP) Communal entrusted population (CEP)

Number of Somba breeding males (Nm) 16 21

Number of Somba breeding females (Nf) 58 145

Total Somba breeding population (N = Nm + Nf) 74 166

Effective population size (Ne) 50.16 73.37

Estimated inbreeding rates per generation (ΔF, %) 1.00 0.68
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complete absorption by Zebus and their crosses in
entrusted herds.
In other respects, the owner-managed Somba popula-

tion is threatened even in herds constituted of only
Somba animals for two major reasons: its small herd
sizes and estimated communal effective population size
(Ne). The latter was almost at the threshold value of 50
recommended to maintain genetic diversity in the long
term while the number of breeding males (Nm) was less
than 20 and that of breeding females (Nf) less than 100.
Consequently, the estimated inbreeding rate was very
high (1%). Given that ΔF, as calculated from a demo-
graphic model in the absence of pedigree information,
might be significantly underestimated (Blackwell et al.
1995), we might consider that the genetic diversity in
the Somba breed is at high risk of reduction in owner-
managed herds.
Systematic castration certainly explains the complete

absence of sires in many herds and thus the low Nm.
This leads to reduced chance of mating, low cow fe-
cundity rates and decreasing total number of the breed-
ing population (Nm +Nf). The values of Nm and Nf as
well as the estimate values of Ne and ΔF were slightly
higher in entrusted herds probably due to pooling small
herds from different owners which increased random
mating while reducing risks of inbreeding (Mwambene
et al. 2012). This finding suggests that owner-managed
Somba cattle herds are more prone to inbreeding effects
than mixed-breed entrusted herds. Given that no active
conservation programme is currently targeting this indi-
genous breed, it could be considered as threatened in
both entrusted and owner-managed herds according to
the FAO system (FAO 2013). But further genomic inves-
tigations are requested to precisely assess the actual sta-
tus of this breed.
In owner-managed herds, control of inbreeding

through the increase of the proportion of breeding indi-
viduals should be given high priority. This could be
achieved by raising awareness among herder-managers
about the necessity to improve their general manage-
ment practices (feeding, health control, reproduction)
and through the development of community-based
breeding strategies (Wurzinger et al. 2011; Haile et al.
2013). The general premise is that improving the animal
diets (Diskin and Kenny 2014) and reducing their mor-
tality and morbidity will improve herd reproductive per-
formances and thus herd growth. Moreover,
community-based breeding schemes will increase collab-
oration between farmers and foster exchange of know-
ledge. Subsequently, the creation of a communal
reproducers pool may help in reducing inbreeding
through organized bull selection and exchanges or
through well-designed breeding strategies (Wollny 2003;
Wurzinger et al. 2011). In the absence of any sound

breed improvement programme, indiscriminate cross-
breeding and inter-mixing of breeds will inevitably con-
tinue to be a serious threat to the adaptive and specific
traits of the Somba breed in entrusted herds. In addition,
the sustainability of several breeding and cross-breeding
strategies requires a continuous supply of pure genetic
material, indicating the importance of conserving the
Somba breed for further and sustainable uses (Leroy
et al. 2016). Cross-breeding with other breeds may rep-
resent an opportunity to reduce inbreeding and upgrade
the indigenous Somba cattle for either the enhancement
of their adaptive potential to climate changes or the im-
provement of their productive performances. Neverthe-
less, genetic and advanced genomic studies are required
to design suitable breeding strategies for local cattle pop-
ulations including the identification of suitable breeds
for cross-breeding and proportion of admixture to meet
farmers’ interests and environmental requirements
(Wollny 2003; Wurzinger et al. 2014; Marshall et al.
2019). Development of programmes towards improved
use and conservation of the indigenous Somba breed
should take into account the herd type specificities
highlighted in the present study.

Conclusion
Cattle owner-managers and absentee-owners pursue dif-
ferent production objectives. While tending cattle is
rooted in the childhood of the former, and therefore still
fulfils significant social and cultural functions among
them, it is being increasingly used as an economic venture
by the latter. The results of our study show that owner’s
socio-cultural origin, the mode of acquisition of the initial
stock and the herd size were the most important factors
that determine whether an owner entrusts his stock or
managed it himself. Owner-managers tended to keep the
indigenous breed to which they are culturally attached.
But this valuable local genetic resource is threatened in
these herds by small effective population sizes and high in-
breeding rates. Stock entrustment favours livelihood diver-
sification and cattle enterprise development, but it
exposes the local breed to high risk of indiscriminate
cross-breeding and inter-mixing of breeds. As this practice
is growing in importance in African pastoral systems, our
findings have important policy implications for the devel-
opment and/or improvement of strategies towards a better
use and conservation of indigenous African cattle genetic
resources. Taking into consideration the pros and cons of
the two management practices highlighted in this study,
such strategies should start with increasing awareness
among herd managers about the need to minimize in-
breeding and indiscriminate cross-breeding and persuad-
ing them to adopt improved herd management practices,
especially in animal health, feeding and reproduction.
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