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Abstract

Conserving livestock biodiversity is vital for climate-resilient agriculture in sub-Saharan Africa.
However, the indigenous West African Shorthorn (Muturu) cattle, valued for its trypanotolerance
and low-input adaptability, faces population decline in Nigeria. This study assesses the feasibility of
small-scale Muturu ranching (< 10 heads), estimating the initial upfront cost requirement for
establishment of approximately €10,000, dominated by infrastructure costs such as fencing. Despite
this high initial cost for smallholder farmers, Muturu’s adaptive efficiency may lower operating
expenses and enhance farm business viability in small-scale farming systems. Findings underscore
the need for concessional credit, infrastructure support, and indigenous beef market development to
integrate conservation with rural livelihood resilience.
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Introduction

Biodiversity preservation has become an urgent global priority. Species extinction rates are
reportedly accelerating at an alarming pace, driven by anthropogenic changes to the planet. Human
activities, land-use conversion, climate change, invasive species, and commercial exploitation are
widely recognized as key drivers in the ongoing biodiversity crisis (Atkins and Maroun, 2018; Oke et
al. 2025). The stark decline in biodiversity has profound ecological, social, and economic implications:
ecosystem functions are degraded, resilience to climate and zoonotic disease shocks is undermined,
and the contributions of nature to human well-being diminish. For instance, Indigenous livestock
breeds face severe erosion or extinction due to cross-breeding, genetic dilution, land-use
transformation, neglect in favour of high-performance breeds, and poor small-holder management
(Nweze and Otuma, 2020; Ajayi et al. 2022; Oke et al. 2025). Mwai et al. (2015) and Nyamushamba et
al. (2016) argue that although over 150 African indigenous cattle breeds have been named, many
remain uncharacterized and threatened by uncontrolled cross-breeding and introduction of non-
native species. A particularly salient example is the West African Shorthorn (Muturu) cattle breed,
native to the West African region and historically found in Nigeria's Southwest and Southeast. The
Muturu possesses invaluable traits such as heat- and trypanotolerance, a high meat-to-bone ratio,
reproductive efficiency under low-input conditions, minimal management requirements, and a
gentle temperament. The latter trait might be particularly well-suited to women and the youth in
smallholder systems (Jabbar and Diedhiou, 2003; Ajayi et al., 2022). However, Evidence indicates that
the Muturu now represents less than 0.76 % of Nigeria’s indigenous cattle population (Nweze and
Otuma, 2020). In the Southwest (Lagos and Ogun States) the breed’s population is declining sharply,
while in neighboring Ondo State it appears extinct (Ezekwe and Machebe, 2005; Ajayi et al., 2022).
Smallholder farmers can be the stewards of Muturu conservation and biodiversity, and the
custodians of traditional knowledge required to manage them sustainably but they must adopt
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improved practices and modern techniques for a favorable benefit-cost ration (Stocking et al. 2003).
There is a call by a substantial number of studies (see Mwai et al. 2015, Nweze and Otuma, 2020;
Ajayi et al. 2022; Oke et al. 2025) that upfront investments should be directed to modern small-scale
farming techniques and practices in boosting Muturu breed biodiversity conservation. For instance,
ranching approach in smallholder indigenous breed systems (especially in Africa) has been identified
as a way forward (see Blench, 1999; Scholtz et al. 2002; Rewe et al. 2006; Rewe et al. 2006) but cost
implications remains under-explored. However, most studies do not put a price tag on the upfront
cost of biodiversity conservation in small-scale farming leading to critical gaps in the literature as
well as policy orientation. Thus, cost-based evaluations of indigenous breed conservation, especially
in smallholder contexts in sub-Saharan Africa, are scarce. Without a robust economic cost analysis of
conservation interventions, it becomes difficult for relevant stakeholders to prioritize viable support
mechanisms and business models. Without this information, strategic planning for breed
conservation becomes weak. This study seeks to provide an initial upfront cost-based evaluation of
the conservation and preservation of the Muturu cattle breed within smallholder ranching systems
in Ogun State, contributing to both science and practice on biodiversity preservation in Nigeria. In
doing so, this study positions breed conservation within broader frameworks of biodiversity
preservation, smallholder livelihoods, climate resilience and sustainable development goals — SDGs
(2 — zero hunger, 13 — climate action and 15 — life on land).

Literature Review

Biodiversity loss is not only a matter of ecological concern, but also one of social justice and
development. This is because the communities, especially those in the global south, that most
dependent on natural resources are often the ones least equipped to manage their loss due to high
poverty, rapid land-use change, and often weaker institutional capacity (Klopper et al. 2002). In sub-
Saharan Africa, rich species and genetic resources exist amid expanding agricultural frontiers, urban
growth, and extractive pressures (Klopper et al. 2002; Saliu et al. 2023). Within this broad context, the
conservation of indigenous genetic resources offers a compelling case through which to view
biodiversity preservation. Indigenous livestock breeds represent unique genetic, cultural, ecological
and economic assets (Mwai et al. 2015; Nyamushamba et al. 2016). They often display adaptive traits
such as disease resistance, heat tolerance, efficient feed use, or reproduction in low-input systems,
which are not observed in high-performance commercial breeds (Hoffmann et al. 2014;
Woldeyohannes et al. 2023). As such, biodiversity conservation cannot be decoupled from sustainable
development and community engagement (Saliu et al. 2025). The theoretical underpinnings draw on
key insights from global biodiversity conservation, namely that conservation actions can succeed if
they consider scaling and integration with local systems (Le et al. 2024; Zeng et al. 2022). Indeed,
global meta-analysis shows that two-thirds of such conservation interventions produce positive
outcomes for biodiversity, (Butchart et al. 2024). Lofqvist et al. (2023) found that, especially in
biodiversity-rich but institutionally weaker regions of the global south, equity and local participation
are critical to effective biodiversity management. Thus, integrating indigenous livestock breed
conservation into smallholder systems offers multiple synergies: conserving adaptive genetic
diversity, supporting smallholder livelihoods, reinforcing agro-biodiversity, enhancing climate
resilience, and maintaining cultural heritage. Conserving biodiversity of certain threatened livestock
breed in West Africa such as the Muturu cannot be confined to protected genetic gene-banks or
specialized stations alone. Rather, it must extend into smallholder farming systems, where the breed
is part of farming livelihoods and local socio-ecological systems (Nweze 2017; Nweze and Otuma,
2020; Ajayi et al. 2022). For instance, the Muturu breed encapsulates the paradox of indigenous
livestock conservation, i.e., high adaptive and livelihood-relevance value but low adoption. Current
trend in West Africa such as broad Muturu decline, land-use intensification and the marginalisation
of smallholder farmers can be mitigated (Santoze and Gicheha, 2019). The current small-scale
management of the Muturu in Nigeria is largely pastoral in nature, but suffers from poor feeding,
inadequate breeding practices, and insufficient housing (Nweze and Otuma, 2020; Ajayi et al. 2022).
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Furthermore, Nweze (2017) argues that such practices if perpetuated will exacerbate the ongoing
conflicts between pastoralists and crop farmers, and elevate competition for land resources in
Southwest Nigeria. Thus, engaging smallholders benefits not only biodiversity goals but also
improved livelihoods, an alignment increasingly recognized as essential in conservation science
(Jabbar and Diedhiou, 2003; Stocking et al. 2003; Ajayi et al. 2022).

Material and Methods

This research study was conducted in Ogun State, southwestern Nigeria. An on-going Horizon
Europe project - Fair Food and Trade Systems for Africa Through Food Convergence Innovation
focuses on biodiversity and prescribes Muturu ranching as one of the strategies in increasing the
household resilience against shocks such as climatic events (drought and floods), pest infestations
and diseases, market disruptions etc. in Africa.

Ranching and herd size: Slightly over one hectare (1.2 ha to be precise) of farmland was
dedicated to the Muturu cattle ranch in 2024. Overall, this farmland size and ranch is estimated to
have the capacity to cater for less than 10 heads of Muturu cattle. This demonstration farm of Aglobe
Development Center, a non-governmental organization, is located at Egbeda-Obafemi Owode Local
Government Area of Ogun state and currently has four (4) heads of Muturu breed consisting three
heifer and one bull (see Figure 1).

Fodder: Brachiaria (Urochloa brizantha) was cultivated as fodder for feeding of the herd along
with supplementary feed such as Napier grass (Pennisetum purpureum), cassava (Manihot esculenta),
maize (Zea mays) as well as other diverse grass to support animal health and growth (see Figure 1).

Figure 1. Small-scale Muturu ranching with Brachiaria (Urochloa brizantha) and mixed grass cultivation at Aglobe

Development Center demonstration farm in Ogun State in 2025, Southwest Nigeria.

Structural infrastructure: The investment costs (Table 1) represent the initial capital outlay
required to establish a functional and sustainable Muturu ranch. These costs are largely incurred at
the inception phase and have long-term implications for production capacity and financial viability
of the ranch for smallholder farmers. The following costs constitute the investment costs:
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1. Borehole Development: Water availability is critical for livestock welfare and pasture
management. Investment in borehole drilling and water storage infrastructure constitutes a
major cost. The amortization of water infrastructure over time contributes to system resilience.
Alternatively, water would have been provided on a regular basis to water storage facilities,
which would increase the operating costs.

2. Physical Structures (Barns and Stables): Adequate housing and shelter are necessary for animal
health, breeding management, and protection from adverse weather. Structural investments
influence animal productivity and welfare standards.

3. Other Essential Structures: Supporting facilities such as fencing, feed storage units, and handling
facilities (e.g., crush pens) are critical to efficient farm operations. These structures reduce labor
inefficiencies and animal stress.

4. Basic Farm Machinery: This includes water pumps and hose, and pasture maintenance tools.
The degree of mechanization is consideed low tech due to low herd size and production
orientation.

Results

The establishment of the small-scale Muturu ranch (of max 10 head capacity on a 1.2 ha) in
Southwest Nigeria requires an estimated €10,000 in initial upfront costs (see Table 1). These costs are
those incurred prior to the initiation of production and are essential for developing a functional ranch
capable of sustaining Muturu cattle under a semi-intensive management system. This imply that
certain costs such as lease of land as well as purchase of cattle have not be considered in this study
but they may vary depending on farm location and on-going market rates. It is important to note that
there also opportunity costs involved in ranching, which may affect prices but is beyond the scope of
this study. Table 1 presents the disaggregation of these costs, which include investments in water
infrastructure, structural housing, essential support structures, and basic farm machinery such as
motorcycle, cutlasses, hoses, grass binders etc. The highest share of total cost was attributed to
physical housing structures, including construction of a barn and stable units as well as fencing,
which accounted for €6,418. This represents approximately 67% of the total investment costs.
Borehole development and water-storage infrastructure amounted to €2,014, representing around
21% of the total cost. Other essential structures (e.g., storage and animal handling units) accounted
for €472, while basic farm machinery and support equipment (e.g., machines, hoses, fodder-handling
tools etc.) accounted for €679. The estimated cost structure suggests that the most capital-intensive
element of Muturu ranch establishment lies in infrastructure-related investment, rather than animal
acquisition or feed-related costs. Primarily fixed cost considerations rather than variable cost shape
the capital requirement and the financial threshold to entry.

Table 2. Investment cost for cattle ranching infrastructure in Nigeria.

Total Costs (€) Max. Unit Costs (€) of

Capacity (10 Head) Current (4 Head)
Upfront Cost

Borehole and water infrastructure 2,014 504
Physical structure e.g., Barn Stable and Fencing 6,418 1,605
Other essential structure 472 118
Basic farm machinery 679 170
SUM 9,583 2,397

The conversion rate of (€) Euro to (¥) Naira (1€ = ¥1,600).
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Approximately 0.2 of the 1.2 ha was dedicated to the cultivation of Brachiaria as fodder. The rest
of the 1 ha was used for aforementioned mixed farming as well as housing and stable for the Muturu
herd. Brachiaria was selected for its adaptability to tropical climates, high crude protein content,
moderate drought tolerance, and suitability for cut-and-carry or semi-grazed feeding systems.
Growth monitoring over the establishment period showed that after two months, both leaf and stem
length were recorded at 8 cm (starting point in Figure 2), respectively. At 4 months, leaf length
increased to 21 cm, and stem length to 29 cm (Figure 2). These growth values are consistent with
early-stage establishment growth rates reported in semi-humid agroecological zones and indicate
favorable adaptation to local soil and climatic conditions (Ramos et al. 2022).
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Figure 2. Brachiaria Growth Rate measured by stem and leaf length.

With a sex ratio of three heifer and one bull observed, the herd is positioned for controlled
breeding to enable gradual population expansion. The small herd structure is consistent with the
genetic conservation objectives of the ranch, which emphasize maintaining reproductive viability
while minimizing stress on the pasture during establishment.

Discussion

The analysis indicates that the €9,583 initial investment threshold presents a significant barrier
for adoption among smallholder farmers. In a context where over 80% of farmers are resource-
constrained (Anderson et al. 2017), and livestock investment decisions are shaped by liquidity,
informal credit access, and household labor availability, such upfront capital requirements limit
scalability. Structural infrastructure costs, which account for over two-thirds of the investment
burden, are particularly prohibitive for subsistence and semi-subsistence-level farmers.

However, this high structural cost model serves an important strategic purpose. The ranching
design promotes sedentary livestock management, reducing reliance on open grazing and mitigating
herder-farmer conflict risks, which are widespread in sub-Saharan Africa. This is also an issue in
Southwest Nigeria, where land-use conflict is a major constraint to livestock mobility (Akanwa et al.
2023). Transitioning from open-grazing to ranch-based systems therefore has both biodiversity
conservation value and conflict mitigation benefits, aligning with recent policy shifts toward
controlled grazing and livestock settlement development (Jyothi, 2022).

There is evidence that Muturu cattle, unlike larger Zebu another indigenous breed, do not
require large-scale mechanized feed systems, making recurrent operating costs lower (Nweze and
Otuma, 2020; Ajayi et al. 2022; Oke et al. 2025). Their natural trypanotolerance, heat tolerance, and
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low feed intake requirements reduce veterinary and supplementary feed expenses compared to
larger, non-indigenous breeds (Oke et al. 2025). Therefore, while initial capital expenditure is high,
long-term operating cost efficiency improves herd profitability prospects relative to high-
maintenance cattle production systems.

As Muturu breed is undergoing rapid population decline in southwest Nigeria, this decline will
adversely affect resilience-oriented agricultural systems. This is because Muturu smallholder-based
conservation ranches perform a dual role of preserving indigenous livestock biodiversity, and
strengthening agroecological resilience under climate and market shocks. Thus, its unique attributes
provide strategic value for global frameworks such as the (i) Food and Agricultural Organization
(FAO) Global Plan of Action for Animal Genetic Resources, (ii) Convention on Biological Diversity
(CBD) as well as the (iii) United Nations Sustainable Development Goals (SDGs) — 2 (zero hunger),
13 (climate action) and 15 (life on land).

Brachiaria’s successful early establishment demonstrates the feasibility of low-cost, locally
managed fodder systems for Muturu ranching. Given that feed typically constitutes 40-67% of total
recurrent livestock production costs in African systems, the pasture-based fodder approach with
Brachiaria materially enhances long-term financial viability (Oke et al. 2025). The observed growth
rates indicate that the pasture will reach optimal harvesting height within 6-10 weeks of maintenance.
Sustained rotational cutting and reseeding practices could generate sufficient year-round forage for
a less than 10 head herd without requiring purchased feed inputs during the rainy season.

Scaling small-scale Muturu conservation ranches requires an enabling policy and market
environment that lowers financial and technical barriers for smallholders. Given overall profitability
of conventional Muturu farming (see Uza, 1995), access to concessional credit is fundamental to
reducing capital-entry constraints, as limited liquidity and high borrowing costs remain major
impediments to livestock investment and modernization in sub-Saharan Africa (Alary et al. 2016;
Bageant and Barrett, 2017). Publicly supported infrastructure programs such as subsidized ranch
construction and water systems can shift fixed-cost burdens from individual farmers to collective or
government investment, enhancing inclusivity in livestock sector growth (De Boer et al. 2024).

Capacity building in fodder management, animal health, and breeding practices is equally
critical. Targeted training interventions have been shown to significantly improve productivity and
survival rates in smallholder livestock systems (Kristjanson et al. 2020). Establishing community-
based nucleus herds for Muturu cattle would expand the genetic resource base and facilitate
participatory breed improvement, consistent with the FAO’s Global Plan of Action for Animal
Genetic Resources. Finally, market differentiation through “indigenous beef” labelling could
generate premium demand (especially among the middle- to upper income consumers in Lagos and
other cities) and incentivize conservation-oriented production, aligning biodiversity preservation
with commerecial viability (Garnett et al. 2021). An integrated approach combining financial inclusion,
public investment, technical training, and market development could transform Muturu
conservation ranching from a micro-scale initiative into a regionally scalable, climate-resilient
livestock model.

Conclusion

This study demonstrates that while the upfront costs of establishing small-scale Muturu
ranching systems in Southwest Nigeria are relatively high (approximately €10,000 on average), the
long-term sustainability benefits may offer compelling justification for strategic investment. The
findings confirm that fixed infrastructure, particularly water systems, housing and fencing, would
constitutes the primary barrier to adoption of ranching, especially among resource-constrained
farmers. However, once established, Muturu-based ranching models will most likely benefit from
low recurrent costs, driven by the breed’s trypanotolerance, heat resistance, and modest feed
requirements. These adaptive traits make Muturu cattle a viable option for low-input, climate-
resilient livestock systems in the humid tropics. Beyond economic feasibility, Muturu conservation
holds critical biodiversity and resilience value. The breed’s genetic attributes contribute to ecosystem
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stability and align with global frameworks such as the FAO Global Plan of Action for Animal Genetic
Resources, the Convention on Biological Diversity, and the SDGs 2, 13 and 15. Supporting Muturu
conservation within smallholder systems therefore strengthens both national food security and
climate adaptation agendas. The study also underscores the importance of enabling conditions for
scaling. Access to concessional credit and subsidized ranch infrastructure are essential to reduce entry
barriers and encourage wider participation. Similarly, farmer training, particularly women and
youths, in pasture development, breeding management, and animal health is necessary to improve
productivity outcomes. Creating community-based Muturu nucleus herds could expand the genetic
base and encourage participatory conservation, while market development for “indigenous beef” can
link biodiversity preservation with economic incentives. Thus, Muturu ranching presents a scalable
pathway for integrating biodiversity conservation, rural livelihood enhancement, and sustainable
livestock transformation in West Africa. Policy frameworks that blend financial inclusion, public
infrastructure investment, and value-chain innovation will be central to achieving this transition.
Future research should assess long-term herd performance, ecosystem services, and market
dynamics to optimize the Muturu conservation model as a replicable blueprint for indigenous
livestock preservation and climate-resilient agriculture across sub-Saharan Africa.
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