Statistical discrimination of West Africa’s Boran and N’dama cattle breeds in Nigeria using morphometric traits
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ABSTRACT
Six morphometric traits, namely, body length (BL), tail length (TL), body weight (BW), height at withers (HW), neck length (NL) and heart girth (HG) were the variables used in the analysis, to characterize the West African Boran and N’dama cattle breeds. The discriminant function was employed in differentiating between the two cattle breeds. It was shown that NL and BW appear to contribute more in the separation of the two breeds. The discriminate function obtained correctly classified 95% of the Boran breed and 90% of the N’dama breed into their source population. The Mahalanobi’s distance of the morphological traits was high for the two cattle breeds.
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1
INTRODUCTION

Livestock play a major role in the contribution of livelihood and food security of the world today. Since cattle is a major food animal species, characterization of breed is a key stride in scheming appropriate management and conservation programs of livestock in both developing and developed countries. Cattle happen to be the single most significant livestock specie in most countries in terms of animal protein, value and biomass Tewe (1998). The concept of species, breeds, and varieties has very clearly evolved since the beginning of the century due to discoveries on genetics. As can be seen in Wanderstock and Salibury (1946), “For over half a century it has been known that body measurements can be used to interpret growth and production factors, to describe size inheritance and types of breeds or strains, and to estimate weight in beef cattle”.  “Morphological descriptions have been used to evaluate breeding goals, to assess type and functions and to estimate the animals value as potential breeding stock” (Mwacharo et al. (2006)). Nigeria is the major hub of animal product consumption in West Africa. It is also one of the largest livestock raising countries in the region. Meeting the ever increasing domestic demand and access to these flourishing markets are major economic stakers for Nigeria and the neighboring Sahel countries that raise livestock.

By its population and capacity for animal production with, 25% of livestock herds in sub-region, Nigeria is by far the leading livestock producers in central and West Africa. The country’s cattle herds are estimated at 16 million heads, far ahead Niger (8.7million), Mali (8.2million) and Chad (7million). Cattle rearing in Nigeria are largely supplanted by short-cycle livestock operation estimated at 33.8million heads of sheep and 17.5million poultry birds. Demand for beef is largely driven by the federation of Nigeria as Nigerians make up 50% of beef consumers in ECOWAS. The relative contribution of livestock to agricultural gross income (GDP) is higher in developed regions but the trend has been slightly downwards over the past 30years, whereas in most developing regions, there has been a rise in the importance of livestock (FAO, (2000;2011)). Within the livestock industry in Nigeria, small ruminants represent a very important national resource. Cattles are reared primarily for meat and play significant roles in the lives of rural dwellers. The issue of farm animal genetic resources conservation has gained momentum within the last decade and has been a major activity of regional bodies like European association of animal production (EAAP) and the African union (AU) and global bodies like FAO. In order to ensure proper conservation and utilization of indigenous breeds, it is necessary to evaluate genetic variations that exist within and among the breeds. Most existing classification of livestock breeds in Africa including Nigeria is based on historical, anthropological and morphological evidence, that are most often not enough for the purpose of conservation. Phenotypic comparison based on morphological characters can provide to an extent a reasonable representation of genetic differences among the populations. Body measurements can also be used routinely in weight estimation and selection programmes based on its utility in determining breed evolution trends.

      The Boran cattle’s are large and hornless though showing a prominent pole. The Boran is humped with a tissue of fat reservation on their backs. The colour coat is usually white with spots, but brown and red coloured coats have also been seen. Boran cattle’s are known for their fertility, early maturity, and hardiness.  The N'dama cattle breeds possess prominent and fierce looking horns which are used as organs of defense and assault. The coat is most frequently fawn and uniform. The horns are substantial, and developed. The N'dama is used for milk production. These breeds are resistant to tsetse fly-transmitted trypanosomosis. The trait is termed trypanotolerance, for which changes in packed red cell volume percent (PCV) and growth rate following infection are generally considered to be indicators.
  Characterization of livestock breeds is the first approach to a sustainable use of its animal genetic resources (Lanari et al. (2003)). It is generally accepted that the highest amount of genetic diversity in livestock is found in the developing world where record keeping is poor but the risk of extinction is high and increasing. These breeds therefore act as storehouse of genetic variations which form the basis of selection and maybe drawn upon in times of biological stress such as famine, drought or epidemics. Standards describe morphological characteristics sometimes with a great detail. They are still often used to judge the selection of animals for breeding.

Previous efforts on the phenotypic characterization has been restricted to the use of analysis of variance, whereas the current trend in livestock classification involves the use of multivariate analysis (Yakubu and Akinyemi (2010), Yadav et al (2013)). This is because univariate, analyzes each variable separately and do not explain how the population under study differs when all measures of morphological variables are considered jointly see for example Dossa et al (2007), Johari et al.(2009) as well as increase the probability of type I error. Multivariate discriminant analyses have been found to be more suitable necessary variations within a population and can discriminate different population types when all measured morphological variables are considered jointly. Although indigenous cattle play a major role in the sustainability of livelihood of Nigerians, there is very little published information concerning the physical characteristics of these breeds. The lack of information on the physical characteristics hinders the development programs for improving these breeds.

In Nigeria cattle’s represent a veritable resource for economic development and livelihood security in addition to major cultural importance. Extensive genetic diversity in animal breeds allow for the existence of livestock in all but the most extreme environment globally, providing a range of products and functions. Unfortunately, a large number of breeds have been lost and many more are at the risk of extinction. Therefore, genetic erosion in animal genetic resources is of concern where livelihoods of the poor are affected. According to FAO appropriate design of breeding programs is impossible for breeds that have not been characterized either phenotypically or genetically. The analysis of morphological traits is more appropriate to assess phenotypical variations within and between cattle populations. It becomes imperative because uncontrollable mating and geographical overlap are leading to the endangerment of breed purity and reservation of genetic resources is being put at risk. It’s therefore necessary to evaluate morphological characterization of cattle breeds using discriminant analysis. This approach represents a better scientific basis for effective classification, management and conservation of genetic resources of cattle stocks, Birteebet al.( 2012).
Many authors have in wide range of books and thesis given a clear exposition on the theory of disciminant analysis. Some have gone further to give the practical application of the theory in the study of animals and livestock.

Yakubu et al (2010) applied discriminant analysis to examine the morphological differentiation in two  Nigerian breeds of cattle (Bunaji and Sokoto Gudali cattles ) using multifactorial discriminant analysis, 85.48% of the Bunaji cattle were classified into their source population while 95.55% of the Sokoto Gudali counterparts were correctly assigned into their source genetic group.

Yadav et al (2012) applied multivariate analysis methods in distinguishing between four ovine sheep breeds in india (Bellary, Kenguri, Hassan and Mandya) by morphometric traits. The use of linear discriminant function showed that most Kenguri sheep were classified into their source population followed by Mandya. However varied percentages of misclassification between the breeds were observed. The Mahalanobi's distance of the morphological traits between Kenguri and Mandya sheep was most while the least differentiation  was observed between Kenguri and Bellary sheep.

Yakubu et al (2011) applied multivariate analysis in examining the morphostructural characteristics in Nigerian indegeneous sheep (Uda, Yankasa, and Balami sheep). Using the discriminant it showed that 61.45[image: image2.png]


of the balami sheepwere classified into their source genetic group while 41.22[image: image4.png]


of Uda sheep were misclassified as Yankasa sheep, 35.35[image: image6.png]


of Yakasa were wrongly assigned as Uda sheep. The Mahalanobiʹs distance of morphological traits between Yankasa and Balami sheep were the longest at 4.83 while the least differentiation was observed between Uda and Yankasa sheep(1.79). In Ndumu et al. (2008) multivariate analysis was used in the morphological characterization of Ankole Longhorn cattle in the African great lakes region. The Mahalanobiʹs squared distance between sub-populations are significant, except for those of the three pairs between the Ugandan sub-population of Mbarara north, Mbarara south and Liwero.

Smith et al (2008) applied disciminant analysis in the phenotypic characterization 9of three Zambian native cattle breeds (Tonga, Baila and Barotse).the authors successfully discriminated between the three Zambian native cattle based on their morphological measurements.

Dossa et al (2007) used multivariate discriminant analysis in the morphological differentiation in the West African Dwarf and Red Sokoto goats .this study indicated that a discriminant function may be used successfully in the field to classify West African Dwarf goats and Red Sokoto goats. The study showed a high morphological distance between the two goat populations.
In this paper, we aim to determine the classification rule for allocating the two indigenous cattle breeds based on morphological variations; determine the error of misclassification of the two breeds as well as to compare the mean vectors of the two breeds, using their morphometric traits

This study has been narrowed down on only the two different breeds and was carried out in the University of Nigeria farm. The study does not deal exhaustively with all the morphological traits of all the animals. The sex of the animals were not included in the data collected. The traits under study are the body length (cm), tail length (cm), neck length (cm) and body weight (kg).

2      METHODOLOGY
The data used for this research work were collected from University of Nigeria farm on a randomly selected sample of mature Boran and N'dama beef cattle all of West African origin. The number of observations in the random sample were 20 headcounts of Boran and 20 headcounts of  N’dama cattle breeds. The morphological traits collected were: body weight (kg), tail length (cm), body length (cm), and neck length (cm). The body weight was recorded using a weighing machine. The other traits were measured using a measuring tape. To achieve this, the animals were placed on a flat ground and held by assistants. Conscious efforts were made to limit the selection of the animal in the sample to phenotipically pure Boran and N'dama. Measurements of the variables were taken before the animals were released for grazing in the morning and these measurements were taken by the one man in order to avoid inter-personal variations in the measurements.
 Notations 

X1: Body weight measurements (kg)

X2: Tail length measurements (cm)

X3: Body length measurements (cm)

X4: Neck length measurements (cm) 
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: Sample dispersion matrix of Boran cattle’s morphometric traits
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: Sample dispersion matrix of N’dama cattle’s morphometric traits
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: Pooled sample dispersion matrix of Boran cattle and N’dama cattle morphometric traits

3       ESTIMATION OF PARAMETERS AND TESTING HYPOTHESIS 
3.1     Mean vectors
The sample mean vector of the morphometric traits of the two cattle breeds was obtained using the formula
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The sample mean vectors of the morphometric traits for the Boran and Nʹdama cattle breeds respectively are:
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The sample dispersion matrices of the morphometric traits of the two cattle breeds was obtained using the formula
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From the data collected the sample dispersion matrices for the two groups are
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The pooled sampled matrix is also given by:
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Inverse of the Pooled dispersion matrix
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3.2 
Test for equality of the two dispersion matrices

To carry out this test, we assume that the two samples are independent and that the covariance matrices are equal but unknown. Therefore, the null hypothesis,
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 (The population dispersion matrices of the two cattle breeds are not the same)

The test statistic for this test is
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denotes the determinant of a matrix A, see (Alvin (2002) and Udom (2010)).
This test rejects the null hypothesis, at a specified 
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 level of significance if:
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, otherwise the null hypothesis is accepted.

From computation on the data, the following were obtained:   [image: image44.png]p =6,n5 =ng =20,|S5| =8.8666E +11,|Sy| = 1.6141E + 12,
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The critical value from the chi-square distribution table is at [image: image52.png]X31(0.005) = 4140




Therefore, we cannot reject [image: image54.png]


 The inference is that the population variance-covariance matrices of the morphometric traits of the two cattle breeds are equal.

3.3
Test for equality of the two means
Here a test of hypothesis concerning the equality of mean vectors of the morphometric traits of the two cattle populations to know if there is difference in the means.

The null hypothesis,
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 : The mean vector of the morphometric traits of the two cattle breeds are the same.
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: The mean vector of the morphometric traits of the two cattle breeds are not the same.
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 -test is employed to test the above hypothesis since the two samples have common dispersion matrix.
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The null hypothesis is rejected at a level of significance if [image: image70.png]F>
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 is the critical value of the F-Senedecor probability distribution on p and 
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By interpolating
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we reject the null hypothesis and conclude that the two mean vectors are unequal.

3.4      Discriminant analysis
Disciminant analysis gives rise to discriminant function. Discriminant function is multivariate techniques for studying the extent to which different population overlap one another or diverge from one another. The knowledge of the difference between the two populations makes it necessary to construct a suitable classification rule. The best rule of classification is that one that leads to the smallest probability of misclassification or the rule that leads to the smallest error rate of all future allocation of individuals from these populations.

Probabilistic classification is based on the premise that a large number of individuals will need to be classified in the future and hence the classification rule should be chosen in a way to minimize the expected consequences of mistakes in the series of allocation.  

Fisher’s linear discriminant analysis
The Fisher’s discriminant function procedure of classifying two populations was used. The principal assumption for Fisher’s procedure is that the two populations have the same variance-covariance matrices.

The form of the Fisher’s linear discriminant function is 
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The Fishers linear discriminant classification rule is to classify the sample into Boran population if
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  and

 to classify the sample into N’dama population if[image: image97.png]
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where 
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 is the vector of morphometric traits of the cattle to be classified. Therefore,
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> 44.7604

The capability of this discriminant function to identify the two individual cattle breeds was shown as the proportion of individuals correctly classified from the sample that generated the function. Table 3.1 below shows the classification of the two cattle breeds.
Table 3.1:Classification result for the discriminant analysis for the two cattle breeds
	Actual

 Group
	Number 

of Observations
	Classification by Discriminant Analysis


	
	
	Number Classified
	Percentage
	Number Classified 
	Percentage

	Boran
	20
	19                         
	90%
	1
	5%

	Nʹdama
	20
	 2                                                   
	10%
	18
	95%


Thus the discriminant function was able to classify 95% of the 20 Boran  and 90% of the 20 N’dama  cattle into its source population. While 5% of the Boran breed and 10% of the Nʹdama breeds were misclassified. 

Error of misclassification (Mahalanobi’s distance)

The probability of misclassifying these animals from their source population which are established to be equal is also termed the error rates for discriminating between the two cattle breeds since they have equal covariance matrix. The greater the separation measured by the Mahalanobiʹs squared distance, the smaller the error rates will be. The Mahalanobiʹs square distance is given by:
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The high Mahalanobiʹs square distance shows that the two cattle breeds belong to morphologically different classes.

The probability of misclassification is given by:
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Therefore, the probability of misclassifying the cattle into its source population is 0.0836.

4     CONCLUSION

In this paper, a classification rule for differentiating the West African Boran and Nʹdama breeds was determined using the Fisher’s linear discriminant classification rule. The study shows that that neck length and body weight appear to contribute most in the separation of the two breeds. It also showed that the neck length is the most discriminating variable in the study of the two breeds. The discriminant function obtained correctly classified 95% of the Boran breed and 90% of the N’dama breed into their source population. The mean vector of morphometric traits of the two cattle are significantly different. It is thus, recommended that multivariate discriminant analysis should be used in morphometric differentiation of cattle. The result of this work on the morphometric differentiation of the two breeds could be complemented using genetic characterization of biochemical and DNA markers. This will go along way in the evaluation, management and preservation of the two cattle populations, where it can be aimed at obtaining phenotypically pure genetic resources for future selection and breed upgrading strategies.
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