Supplementary Information S1 File. Description of characteristics of African cattle breeds investigated in the study
	Breed Name 
	Description

	West African Taurine (WAT)
Benin
Borgou
	A Shorthorn breed which is a composite of Zebu (White Fulani) and West African Shorthorn (Somba and Lagunaire). It is mainly found in the Borgou Province in Northern Benin. It is characterised with a small hump or mostly humpless. The breed is used for draught and meat purposes and is well known for their adaptation to harsh climate and tsetse hotspot areas. The cattle are mainly unicoloured as white often with small black sports and sometimes brown and white. The average weight in males is 260kg and 226kg in females. (Worogo et al., 2019, 2022)

	West African Taurine (WAT)
Benin
Lagunaire
	The Lagunaire cattle are found in the Southern regions of Benin particularly near the coastal and lagoon areas. They are also known as Lagune, and they have a small stature (dwarf taurine) with dark brown or black coat colour sometimes with white patches. Bulls weigh around 140-180 kg and females around 100-140 kg. They are primarily used for milk even though not good milk producers and meat production because their meat quality is highly valued. Their unique adaptive traits are their resilience to diseases common in humid environments such as trypanosomosis (Ahozonlin et al., 2022; Kassa, 2019).

	West African Taurine
Benin
Pabli
	The Pabli cattle are found in Upper Pendjari Valley and Kerou in Northwestern Benin. It is assumed to be a cross between Borgou and Somba indicating a blend of traits from both parent breeds. The breed is scarcely described and considered almost wiped out because of its intensive crossbreeding with Borgou (Vanvanhossou, Dossa, et al., 2021).

	West African Taurine (WAT)
Benin
Somba
	The Somba breed is found in Natitingou, Tanguieta in the Atakora highlands and Northwestern Benin. They are a Shorthorn taurine mainly used for draught power; they produce around 0.48 litres of milk and their slaughter yield is around 49% making them much less used meat and milk purposes. The cattle are humpless, crescent shaped horns and have a small stock body, males have an average weight of 200kgs and 180kgs for females. The coat colour of the majority cattle is black with some multicoloured with black and pie-red (Dossa & Vanvanhossou, 2016; Vanvanhossou, Dossa, et al., 2021).

	West African Taurine (WAT)
Burkina Faso
Gourounsi Nahouri
	They are also known as Nahouri cattle, and they are found in Centre-South and Centre-West of Burkina Faso. They are particularly kept by the Gourounsi people in the Nahouri region. The cattle are small to medium size with a fawn or reddish-brown to dark-brown coat and some animals display white patches on face, legs and the underside. They are also characterised with cup like group of short horns. Even though they are not large they are used for meat and draught purposes. They are well suited to semi-arid climates of the Sahel because of their hardiness in surviving poor grazing conditions. They are also known for their trypanotolerance and tick disease resistance (Tapsoba et al., 2020, 2024).

	West African Taurine (WAT)
Burkina Faso
Gourounsi Tenado
	The Gourounsi Tenado cattle are found in the Tenado region of Burkina Faso, they are mainly kept by the Gourounsi people. They are characterised by a fawn reddish-brown coat with some cattle exhibiting varying shades of brown and white spots. They are also a small to medium sized breed with bulls weighing around 250-350 kg. Gourounsi Tenado is primarily used for meat production although providing milk for local use. They are highly adapted to semi-arid environment showing heat tolerance and ability to survive on poor-quality forage (Tapsoba et al., 2020, 2024).

	West African Taurine (WAT)
Burkina Faso
Lobi Bouroum
	Mainly found in South-West, Boucledu Mouhoun, Centre-West and Hauts-Bassins and are also known as Baoule. The animals are mainly used for draught and meat purposes with the breed mostly popular for its meat quality. The breed is characterised with horns that have a crescent shape, short (18.1cm) and brown or black in colour, the coat colour is pie-black (predominantly a uniform coat colours). The average weight of males is 200kg and 190kg for females. The animals are trypanotolerant, suitable for hilly mountainous areas, and additionally can adapt to wet and sub-humid areas with glossina pressure (Ouédraogo et al., 2020; Vanvanhossou, et al., 2021).

	West African Taurine (WAT)
Niger
Kouri Pur
	The breed is mainly found around Lake Chad Basin of Niger, it is also known as White Fulani and used for meat, milk, and carting. The cattle are characterised with no hump, long horns that are globular or bulbous and gigantic. The average weight of males is 499kg and 363 kg in females. Coat colour is mainly unicoloured with white and occasionally might have light spots. They have a special ability to stay afloat and swim for long distances (Grema et al., 2017; Santoze & Gicheha, 2019).

	West African Taurine (WAT)
Mali
N’dama
	The breed originates from West Africa and prevalent in countries like Mali, the N'dama breed is renowned for its resilience and ability to endure challenging environments. Its exceptional resistance to trypanosomiasis, a disease spread by tsetse flies, makes it particularly suited to areas where other cattle breeds may face difficulties. Known for their moderate size, N'dama cattle are appreciated for their good milk production and capacity to thrive on low-quality forage, traits that are especially valuable to smallholder farmers in Mali (Stein et al., 2020). Their coat is typically light brown or fawn, with variations ranging from pale yellow to reddish-brown, and some animals may exhibit white patches on their face or underbelly. Additionally, N'dama cattle have well-formed, medium-sized horns that curve outward and upward (Traoré et al., 2018).

	West African Crossbreds (WAC)
Niger
Kouri Arabe
	The Kouri Arabe cattle are a breed native to the Lake Chad basin, herded by the Arab pastoralists in the region. They have a white or grey coat, sometimes with darker patches, and are known for their large, distinctive horns that are crescent-shaped and massive, similar to the Kouri breed. They are medium-sized, with bulls weighing around 400-500 kg and cows slightly less. Adapted to marshy and swampy environments, they are excellent swimmers and are well-suited to humid, tropical conditions. These cattle are mainly used for milk production, but their meat is also highly valued. Unfortunately, environmental pressures, such as shrinking wetland areas around Lake Chad, threaten their habitat and survival (Tawah et al., 2009).


	West African Crossbreds (WAC)
Niger
Kouri x Bororo
	The Kouri x Bororo cattle are a hybrid breed resulting from crossing Kouri cattle, native to the Lake Chad basin, with Bororo (Red Fulani) cattle from the Sahel. They typically have a coat color that ranges from light grey or white to reddish-brown, and they are medium to large-sized, with bulls weighing between 500-700 kg. These hybrids feature long, curved horns characteristic of zebu breeds. They exhibit excellent heat tolerance and disease resistance, making them well-suited to arid climates. Kouri x Bororo cattle are valued for both milk and meat production, often yielding more milk than pure Kouri cattle.

	West African Crossbreds (WAC)
Benin
Borgou x Zebu
	The Borgou x Zebu cattle hybrid is created by crossing the Borgou breed from Benin with various Zebu breeds, such as Bororo and Brahman. These hybrids exhibit diverse coat colours, including light grey, white, dark brown, or black, and weigh between 500-800 kg for bulls and 400-600 kg for cows. They possess prominent horns, varying in size and shape based on their Zebu lineage. Borgou x Zebu cattle are well-adapted to hot and arid climates, showcasing excellent heat tolerance and disease resistance. They are efficient foragers, capable of thriving on lower-quality pasture. They are valued for their milk and meat production; these hybrids provide essential nutrition for local communities. However, they face challenges from climate change and land use conflicts in their grazing areas.

	West African Zebu (WAZ)
Niger
Arabe Pur
	The Arabe Pur cattle, also known as Arab cattle, are indigenous to the Lake Chad region, specifically raised by Arab pastoralists. These cattle typically have a light-coloured coat, ranging from white to grey, and are characterized by their moderate-sized horns compared to the Kouri breeds. Arabe Pur cattle are medium-sized, with bulls weighing around 350-450 kg and cows being lighter. They are well-adapted to semi-arid environments, showing good heat tolerance and the ability to survive on sparse vegetation. These cattle are primarily used for milk production, though they are also valued for their beef (Grema et al., 2017).

	West African Zebu (WAZ)
Niger
Bororo Diffa
	The Bororo Diffa cattle are also known as Red Fulani from Niger. They originated in the Diffa region and are mainly located in Eastern and Central Niger. They have a reddish coat colour or mahogany with sometimes white markings, slender body with long legs and have large lyre-shaped horns (up to 36cm) . Bulls weigh around 425 -500 kgs and 275-350 kgs for females. The cattle are primarily used for meat, milk and used for carting, pack, or baggage. They are highly adapted to arid climate exhibiting strong heat tolerance, drought resistance and the ability to walk long distances for feed and water (Grema et al., 2017).

	West African Zebu (WAZ)
Niger
Bororo site Kouri
	The Kouri cattle, found near Lake Chad and also herded by Bororo pastoralists, are a distinct breed adapted to the swampy environments around the lake. They have a white or light grey coat with some darker markings, and their most distinctive feature is their massive, crescent-shaped horns, which can grow very large. Kouri cattle are medium-sized, with bulls weighing about 450-550 kg and cows around 350-450 kg. They are well-adapted to wet, marshy conditions, displaying strong swimming abilities and a high tolerance for heat and humidity. They are used for milk, which is highly prized, and meat production (Moussa et al., 2017).

	West African Zebu (WAZ)
Niger
Bororo Maaoua
	The Bororo Maaoua cattle, also known as Maaoua Bororo, are a breed associated with the Fulani (Bororo) herders, particularly found in the Sahelian regions, including parts of Niger and Chad. These cattle typically have a reddish-brown coat, with some individuals showing white markings. They are a large breed, with bulls weighing around 500-700 kg and cows slightly smaller. Bororo Maaoua cattle are highly adapted to the dry, arid conditions of the Sahel, showing excellent heat tolerance and drought resistance, making them well-suited to long migrations in search of water and pasture. They are primarily valued for milk production but are also used for meat (Moussa et al., 2017).

	West African Zebu (WAZ)
Benin
Goudali
	Found in the cities of Mallanville and Karimama in extreme north of Benin. The breed large-sized, large dewlaps, various horn sizes when present (short and thin horns or moderately long and thick) are crescent shaped and have a well-developed hump that is prominent in both males and females. Their coat colour is mainly white but sometimes they can be red piebald with a white underside or entirely red or red with white spots. Goudali is adaptable to various environments ranging from humid-marshy to dry-arid areas. They are used as dual purpose, can tolerate high heat and remain productive allowing them to thrive in hot and dry climates. Their unique characteristic is their docile nature (Kubkomawa, 2017; Santoze & Gicheha, 2019).

	West African Zebu (WAZ) 
Benin
Yakana
	They are also known as White Fulani, found in the northern region of Benin, generally they are present in the majority of West African countries. They are used for draught, meat and milk. Yakana cattle are characterised as long-horned zebu, with a pronounced hump that is well placed when young and then moves to the side with age, they have a white coat colour with mucous membranes, they sometimes have speckled and pied-black colour. This breed is known for its ability to survive long periods without food, good traction in ploughing but are very susceptible to humidity and tickborne diseases such as trypanosomosis (Youssao et al., 2020)

	West African Zebu (WAZ)
Benin
Zebu Peuhl
	The Zebu Peuhl cattle, also known as Peulh Zebu or Fulani Zebu, are a breed primarily herded by the Fulani pastoralists across the Sahel and West Africa, particularly in countries like Niger, Mali, and Chad. These cattle have a light red, brown, or grey coat with occasional white patches, and are characterized by their large hump over the shoulders, typical of zebu breeds. They have long, lyre-shaped horns and are medium to large-sized, with bulls weighing around 400-700 kg. Zebu Peuhl are highly heat-tolerant and can survive in semi-arid environments, often traveling long distances to find water and pasture. They are primarily used for milk production, though their beef is also valued. This breed is resilient but faces challenges from climate change and grazing land pressures.

	West African Zebu (WAZ)
Burkina Faso
Bororo Burkina
	The breed is also known as Red Fulani and is found in the Sahel, Eastern and North-central region. They are mainly used for draught power, pack or baggage and meat and milk. They are characterised with lyre shaped horns that are grey in colour and are high and very long in both sexes. Coat colour is uniform brown colour or dark red. Their unique characteristics include water stress tolerant, great walking ability and ability to breed in poor natural conditions (Moussa et al., 2017).

	West African Zebu (WAZ)
Burkina Faso
Goudali
	The Goudali cattle are an indigenous breed from Burkina Faso, primarily found in the western and central regions. They are medium to large-sized, with bulls weighing between 500-700 kg and cows around 350-550 kg. Goudali cattle typically have a white or light grey coat, often with dark brown or black patches. They are characterized by their long, curved horns, which define their appearance. Adapted to the hot and humid climates of the region, they exhibit excellent heat tolerance and strong disease resistance. These cattle are efficient grazers, thriving on low-quality forage. They are primarily used for both milk and meat (Ouédraogo et al., 2020)

	West African Zebu (WAZ)
Burkina Faso
Zebu Peuhl Burkina
	Mainly found in Etbedu region and used for draught power, skin hides, meat and milk. They are characterised with a hump, crescent shaped horns around 37.9cm which are mostly brown colour. The males have an average weight of 315kgs and 248kgs in females. Their coat colour varies from pier-noir, white, gray, pie-red. They are sensitive to ticks and tickborne diseases, however they can withstand heat and water stress allowing them to withstand Sahelian climate and the arid zone

	East African Zebu (EAZ)
Sudan
Arishy
	The Arishy cattle are subtypes indigenous to Sudan and bred by the Beja tribes in Eastern Sudan and remain well-known. Their milk production is believed to be as good as that of the Kenana and Butana cattle, but their numbers are declining due to crossbreeding with the lower-yielding Gash cattle. Their name in the Beja language means "white cow," a common color (Ali et al. 2015). These cattle are efficient grazers, able to utilize poor-quality forage. Arishy cattle are medium to large-sized, with bulls weighing between 400-600 kg and cows around 350-500 kg.
REFERENCE
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	East African Zebu (EAZ)
Sudan
Baggara
	The Baggara cattle are mainly found in the Northern Sudan in Darfur and Kordofan and are mainly used for both milk and meat. They are characterised as a medium to large sized cattle often with a grey, red, black, yellow, or dun coat colour which sometimes have markings (white, red or black). The cattle exhibit long, prominent horns with bulls weighing around 500-700 kg and cows around 400-600 kg. Baggara cattle can thrive on low quality foragers, tolerant to high heat and have high disease resistance considering their habitat has semi-arid climatic conditions (Bashir & El Zubeir, 2013; Kambal et al., 2022)

	East African Zebu (EAZ)
Sudan
Butana x Kenana (FOJA Cattle)
	The Butana x Kenana cattle are a hybrid breed resulting from crossing the Butana and Kenana cattle, both native to Sudan, particularly in the Darfur region and along the Nile. They are termed locally as Foja Cattle. These hybrids display various coat colours, including white, light grey, and reddish-brown, and are typically medium to large-sized, with bulls weighing between 500-700 kg and cows around 400-600 kg. They are characterized by long, curved horns and exhibit excellent heat tolerance, making them well-suited to Sudan's hot, arid climate. The hybrids are used for milk, meat and benefit from strong disease resistance and are effective foragers, thriving on low-quality forage, Hussein, (2014).
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	East African Zebu (EAZ)
Sudan
Butana
	Butana cattle are native to Sudan, and they are found in the Butana plains, east of Blue Nile, Gizera in Central Sudan and along river Nile in the Northen region. They are characterised as medium to large sized with bulls weighing between 400-600 kg and cows 400-600 kgs. They typically have white or light grey coat with darker patches, and they have long curved horns (15-20 cm long horns in females and up to 35cm in males). They are primarily used for milk and meat. They are also well-adapted to hot arid climate exhibiting strong heat tolerance, strong disease resistance and are efficient foragers due to their ability to survive on low quality forages (Omer et al., 2021).

	East African Zebu (EAZ)
Sudan
Kenana
	Kenana cattle are mainly found in the Southern-Central plains of Sudan between the Blue Nile and the White Nile.  They have long curved horns and normally multicoloured with a characteristic colour of light blue-grey coat with sometimes white markings on face and legs. The cattle are medium to large sized, with a muscular hump much larger in males than females, bulls weighing around 500-700 kg and cows around 400-600 kg. They are noted as the best milkers compared to other breeds in Africa (Yousif & El- Moula, 2006).

	Southern African Zebu (SAZ)
Madagascar
Malagasy Zebu
	They are also known as Zebu Malagasy and are indigenous to Madagascar. They have a well-developed hump, lyre shaped horns and coat colour is generally white, grey or dark coloured (black, magpie black or sometimes red of magpie-red. They are characterised as medium sized cattle, with bulls weighing between 400-600 kgs and cows around 300-450 kg. They are primarily used for meat and milk considering they can thrive on low quality forage. They are well suited to the tropical climate in the region and have strong heat tolerance and disease resistance.  However, they are sensitive to various diseases such as Tuberculosis, anthrax, black leg, intestinal worms and liver fluke. They are considered docile and easy to manage (DAGRIS, 2007); https://www.fao.org/dad-is/ 

	Southern African Zebu (SAZ)
Madagascar
Manjan’ Boina
	A crossbred of Brune des Alpes and Malagasy Zebu. They are primarily used for milk and meat. They typically have a red or brown coat with lighter markings and are characterized by medium to large-sized horns. Generally considered medium-sized, bulls weigh between 400-600 kg, while cows weigh around 300-450 kg. Adapted to the tropical climate, Manjani Boina cattle exhibit strong heat tolerance and resilience to local diseases. They are effective grazers, thriving on low-quality forage, development (DAGRIS, 2007); https://www.fao.org/dad-is/ 

	Southern African Zebu (SAZ)
Madagascar
Renitelo
	Renitelo cattle are mainly found in the Klanjasoa region and are kept mainly for milk and meat purposes. They normally have a unicolour coat colour that is red or mahogany but often with a paler underside and mucosae, light grey, or white coat with darker markings. They have long curved horns and are generally considered medium-sized with bulls weighing around 450-650 kgs and cows around 350-500 kg. They are well adapted to the tropical climate and are considered hardy with notable disease resistance but sensitive to Streptococcus. They are also effective grazers who can thrive on scarce and low-quality forages. (DAGRIS, 2007); https://www.fao.org/dad-is/ 

	Southern African Zebu (SAZ)
Zambia
Baila
	Mainly found in the Southern Province around Namwala district and Central Province around Mumbwa district. They are kept for meat purposes. They are a crossbreed between Barotse and Tonga. Their hump is very small, horns are fair size, and they are a combination of unicoloured (black, red, brown) and multicoloured (black, red, brown and white markings). They have unique adaptive heat tolerant traits (DAGRIS, 2007); https://www.fao.org/dad-is/ 

	Southern African Zebu (SAZ)
Zambia
Barotse
	Found in Western and North-Western Province and mainly kept for meat. They are characterised as long horned, with bulls having spread horns. They have various colours ranging from dark red (most common), black and brown and sometimes combination of various colours and with white markings. They are considered heat tolerant (DAGRIS, 2007); https://www.fao.org/dad-is/ 

	Southern African Zebu (SAZ)
Zambia
Tonga
	Mainly found in Southern Province and in lower Zambezi river valley. They are kept for draught power, meat and milk. They are characterised as shorthorn, with medium length lyre shaped horns which are upward faced. Their hump is very small especially in females. Coat colour varies from black, red, brown and multicolours (black, red, and brown with white markings). It is a hardy breed that heat tolerant and has moderate resistance to diseases (DAGRIS, 2007); https://www.fao.org/dad-is/ 

	Southern African Zebu (SAZ)  
South Africa
Nguni
	Mainly found in KwaZulu Natal, Free State, Northen Cape, Western Cape, Eastern Cape, North-west and Northen Province. Sanga mainly small to medium. Males average weight 750kgs and females 476 kgs. Uni coloured or multi coloured (white, black, brown, grey, red) 80mcour combinations. Known for producing high quality hides, high level of tick and heat tolerance. Cows have good calving ease, calm temperament (DAGRIS, 2007) https://www.fao.org/dad-is/ 
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