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Abstract The characterisation of the small ruminant pop-
ulations in developing countries will play a major role in the
maintenance of the genetic resources as the basis for future
improvement in livestock production. The present study
aimed at morphological characterisation of the two main
breeds of sheep in Ghana by assessing variation within
and between breed populations using principal component
and discriminant analyses. The two breeds were the Sahel
and the Djallonke sheep of both sexes and of two groups
namely, young (1 year old, consisting of 74 animals) and
mature sheep (≥2 years old, comprising 219 animals). The
analysis of variance revealed significant (P<0.05) differences
in the morphological traits of the Sahel and the Djallonke
sheep breeds with higher values recorded for the former.
Sexual dimorphism was in favour of male animals in all the
morphological traits examined. Mature animals also had com-
parative advantage over the young. Two principal components

were extracted to discern the structure of the two genetic
groups. The most discriminating traits between the two sheep
breeds were rump height, height at withers, neck girth and pin-
bone width. Mahalanobis distance between the two genetic
groups was 5.723 (P<0.0001). The developed discriminant
functions clearly discriminated and classified the Sahel and
the Djallonke sheep into their breeds of origin, thus yielding
100, 93.4 and 90.4 % accurate classification for the rams,
ewes and the overall sheep population, respectively. The
present approach would greatly help in establishing manage-
ment and conservation policies for the sustainable production
of the two Ghanaian sheep breeds.
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Abbreviations
LW Live weight
HW Height at withers
RH Rump height
BL Body length
HG Heart girth
NG Neck girth
CD Chest depth
PBW Pin-bone width

Introduction

Domestic animal diversity is a term that has been used tomean
the genetic differences among and within breeds of species
used for food and agriculture (Cardellino and Boyazoglu
2009). Sheep rearing is one of the most important means of
livelihood and food security for majority of the rural populace,
especially in developing countries (Amadou et al. 2012).
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There are two main sheep breeds in Ghana namely, the West
African Dwarf (Djallonke) or the Djallonke sheep and the
West African Long-Legged (Sahel) or the Sahelian sheep,
although hybrids from two or more different breeds also exist.
A bulk of the sheep is confined to the rural areas where almost
every family owns a few animals. The small size and early
maturity of sheep gives them several distinct economic advan-
tages in smallholder situations. In animal production systems,
the value of a species increases in relation to its adaptation,
capacity to make socioeconomic contributions, capacity to fill
market opportunities and potential for increasing productivity.
These are buttressed by the fact that livestock are expected to
balance a range of policy objectives among which are sup-
porting rural development and the alleviation of hunger and
poverty, meeting the increasing demand for livestock products
and responding to changing consumer requirements, ensuring
food safety and minimising the threat posed by animal
diseases, and maintaining biodiversity and environmental
integrity (FAO 2011a). There is a considerable potential
for increased sheep production, if proper management is
employed. At present, many countries are losing their genetic
resources which may have lasting effects on food security and
sustainable development especially in the light of global
warming changes (Hoffman 2010). The rationale behind con-
servation of farm animal diversity is that humankindmay need
to keep this specific genetic biodiversity to face future (un-
known) challenges such as changes in demand for livestock
products, spread of new diseases, reducing environmental
impact and climate change (Thornton 2010; FAO 2011a, b).
Analyses of morphometric variables that are easy to measure
make it possible to explore areas such as the structure of
breeds, the degree of variability between various populations,
the harmony of morphological models and the definition of
morphological models for a given breed. Hence, it is impor-
tant to accurately analyse the morphological variables that
enable us to distinguish between breeds, as well as explore
the use of various discrimination methods to assess the poten-
tial of each of the variables under study (Rodero et al. 2011).
Measurement of linear body parameters has been used to
estimate necessary size in sheep. The use of quantitative
information in livestock breeding programmes has become
more sophisticated over time. This allows breeders to make
faster progress in a chosen set of traits. Phenotypic informa-
tion was initially used in mass selection, whereby individuals
with better trait values were chosen to be parents of the next
generation (Carneiro et al. 2010). This model has worked
remarkably well and has allowed much progress in genetic
merits.

Indigenous livestock breeds of Africa are well adapted to
the local environment even though their productivity is gen-
erally lower when compared to other parts of the world.
Attempts by breeders and farmers to improve the performance
of the indigenous African breeds involve the introduction of

exotic animals and crossbreeding practices, which is gradually
leading to the erosion and complete masking of important
survival traits, such as disease resistance associated with in-
digenous livestock as well as the extinction of certain breeds
(Gizaw et al. 2011). The characterisation of African small
ruminant populations will play a major role in the mainte-
nance of these autochthonous genetic resources as the basis
for future improvement at both the production and the genetic
levels. This can be partly achieved through the analyses of
morphological traits to assess variation within and between
populations using classical multivariate analyses such as prin-
cipal components and discriminant analysis, which have been
shown to be suitable in assessing variation within and can
discriminate different population types when all measured
morphological variables are considered simultaneously
(Yakubu et al. 2010a; Legaz et al. 2011). The principal com-
ponent technique can reduce the information contained in the
original complex of variables by eliminating redundant infor-
mation due to correlation among them (Cerqueira et al. 2011;
Yakubu et al. 2011a). Discriminant function analysis is a
statistical technique that allows new individuals to be assigned
to previously established or defined groups. The analysis is
based on a set of data from n individuals for which p quanti-
tative variables (independent variables) have been measured
as a profile for each of them. On the other hand, an additional
qualitative variable (dependent variable), with two or more
categories and defined by other means, groups each individual
in a category (Rodero et al. 2011). This produces an n×(p+1)
table in which each case has a profile and is assigned to one
group. From this table, a discriminant model is obtained to
compare to the profile of new individuals. The morphological
characterisation of African animal genetic resources is cur-
rently receiving increased attention (Traoré et al. 2008;
Yakubu and Akinyemi 2010; Yakubu and Ibrahim 2011).

Therefore, this study aimed at distinguishing between the
two main local sheep breeds in Northern Ghana using prin-
cipal component and discriminant analyses. The information
obtained may be useful in designing appropriate manage-
ment and conservation strategies for the autochthonous
breeds in Ghana and the sub-Saharan Africa.

Materials and methods

Management of experimental sheep

A total of 293 sheep (230 Djallonke and 63 Sahel) of both
sexes (36 males and 257 females) were used for the study. The
animals were divided into two groups namely, young (1 year
old, consisting of 74 animals) and mature sheep (≥2 years old,
comprising 219 animals). The sheep were managed semi-
intensively. They were housed in properly constructed pens
throughout the night and sometimes during the daywhen there
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was the need to restrict their movement. Feed and water were
provided for the sheep ad libitum throughout the year. Con-
ventional disease and pest control regimes were practised.

Data collection

The variables measured included live weight (LW) (in kilo-
gram) and linear body measurements (in centimetre) name-
ly, height at withers (HW), rump height (RH), body length
(BL), heart girth (HG), neck girth (NG), chest depth (CD)
and pin-bone width (PBW). The anatomical reference points
(Hamito 2009) were as follows:

& HW: The distance from the surface of a platform on
which an animal stands, to the withers of the animal.

& RH: This is the distance from the surface of a platform to
the rump.

& BL: The distance from the base of the tail to the base of
the neck.

& HG: The circumference around the chest just behind the
front legs and withers.

& NG: This is the circumference around the neck near the
withers.

& CD: The distance from the backbone at the shoulder to
the brisket between the front legs

& PBW: It is the distance between the outer edges of the
major hip bones on the right and left sides.

Statistical analysis

Data were analysed using the general linear model proce-
dure of Statistical Package for Social Sciences (SPSS 2010)
to test the fixed effects of breed, sex, age and their inter-
actions. Means were separated using least significant

difference and tested at 95 % confidence interval. The
general model employed was the following:

Yijk¼ μþBiþSjþAkþ BSð Þijþ BAð Þikþ SAð Þjkþ BSAð Þijkþeijk

Yijk0 individual observation
μ0overall mean
Bi0fixed effect of ith breed (i0Djallonke, Sahel)
Sj0fixed effect of jth sex (j0male, female)
Ak 0 fixed effect of kth age (k01 year old, ≥2 years old)
(BS)ij 0 interaction effect of ith breed and jth sex
(BA)ik 0 interaction effect of ith breed and kth age
(SA)jk 0 interaction effect of jth sex and kth age
(BSA)ijk 0 interaction effect of breed, sex and age
eijk 0 random error associated with each record (normally,

independently and identically distributed with zero
mean and constant variance)

The PRINCOMP procedure was carried out to investigate
the core structure of the sheep traits in order to check whether
the traits could be reduced to uncorrelated dimensions (princi-
pal components (PCs)). In the PC analysis, Kaiser–Meyer–
Olkin (KMO)measures of sampling adequacy, Bartlett's test of
sphericity (tests the null hypothesis that the original correlation
matrix is an identity matrix) and communality were computed
to test the validity of the principal component factor analysis of
the data set. Cumulative proportion of variance criterion was
employed in determining the number of factors to extract. The
varimax criterion of the orthogonal rotation method was
employed in the rotation of the factor matrix to enhance the
interpretability of the factor analysis. The overall reliability of
the PC analysis was tested using Chronbach's alpha. For more
effective discrimination and classification of the sheep into
Djallonke and Sahel, traits' reduction was obtained using
PROC STEPDISC of Statistical Analysis System (SAS

Table 1 Analysis of variance for morphological traits in Djallonke and Sahel sheep breeds

Source of variation Mean squares and level of significance**

DF LW HW RH BL HG NG CD PBW

Breed 1 638.5 1,299.0 2,024.6 460.5 650.2 86.5 378.9 20.8

Sex 1 1,584.7 744.8 831.8 805.4 1,693.2 2,918.7 307.2 12.6

Age 1 5,048.0 1,849.3 1,719.7 2,292.6 5,198.4 2,496.8 860.1 104.5

Breed×sex 1 3.1 ns 23.7 ns 47.8 ns 0.0 ns 42.3 ns 134.7 64.5 11.6

Breed×age 1 683.5 377.5 384.3 469.5 585.5 318.7 161.5 2.1 ns

Sex×age 1 323.3 96.3 96.1* 37.96 ns 164.2 577.7 128.5 9.70

Breed×sex×age 1 171.9 58.6* 82.1* 50.1 ns 58.6 ns 116.6 57.6 3.0 ns

Residual 285 16.1 10.9 16.9 15.1 23.9 10.7 4.0 0.9

Significant at P<0.01 for all morphological traits except otherwise stated

ns not significant

*P<0.05 (significant at this level)

**P<0.01 (significant at this level)
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2003). The CANDISC procedure was used to generate the
univariate test of the selected traits, canonical functions
and the plots of breed membership. The PROC DISCRIM
was employed to obtain the Mahalanobis distances and
linear discriminant functions. The ability of these functions
to identify Djallonke and Sahel sheep (both sex inclusive)
was indicated as the percentage of individuals correctly
classified from the samples that generated the functions.
The honesty (reliability testing) of the functions was vali-
dated using split-sample validation (cross-validation). The
proportion of individuals correctly reallocated is taken as a
measurement of the integrity of that group. The number of
misclassified individuals indicates the degree of intermin-
gling between the populations.

The initial discriminant function model for separating the
two breeds of sheep incorporated seven traits (HG, NG, CD,
HW, RH, BL and PBW):

zi ¼ e1HGþ e2NGþ e3CDþ e4HW þ e5RH þ e6BLþ e7PBW

Where zi is the discriminant score for the ith individual and
ei is the contribution (magnitude) of the ith trait on the
discriminant function.

Results

Morphological traits

The analysis of variance of live weight and linear body meas-
urements of Djallonke and Sahel sheep are presented in
Tables 1 and 2. All morphological traits were significantly
(P<0.05) influenced by breed, with higher values recorded for
Sahel sheep compared to their Djallonke counterparts. The
body dimensions of male sheep were also higher (P<0.05)
than those of the females. Similarly, mature animals had
higher (P<0.05) mean values for all body measurements than
young animals. Breed×sex, breed×age, sex×age and breed×
sex×age interaction effects were significant for most of the
traits investigated.

Principal component analysis

KMO (0.910), Bartlett's test of sphericity (chi-square03,076.55,
P<0.001), communality (0.828–0.934) and Cronbach's alpha
(0.822) provided support for the validity and reliability of the
factor analysis of the data set. The first two PCs explained
87.191 % of all variation between the traits measured (Table 3).
While PC1 was characterised by LW, HW, RH, BL, HG, NG
and CD, PC2 had its loading for PBWonly.

Discriminant analysis

Through the stepwise procedure, only four morphometric
traits (RH, HW, NG and PBW) were significant in discrim-
inating between the two breeds of sheep in each sample
except in the rams where NG was not significant (Table 4).
Interestingly, HG was an important discriminator only for
rams. Using the standardised discriminant function coeffi-
cients which show the multivariate (joint) discriminating
power of all the morphometric traits, the derived discrimi-
nant functions for the rams, ewes and the overall sheep,
respectively, are

z ¼ 2:281ðRHÞ þ 0:692ðPBW Þ � 1:356ðHGÞ � 1:138ðNGÞ . . . . . . ð1Þ

Table 2 Least square means of
live weight (in kilogram) and
linear body measurements (in
centimetre) of Ghanaian
sheep as affected by breed,
sex and age

Means within the same row
having different lowercase
letters differ significantly
(P<0.05) between the two
breeds, sexes and ages

S.E. standard error

Traits Djallonke Sahel Males Females Young Mature
Mean±S.E. Mean±S.E. Mean±S.E. Mean±S.E. Mean±S.E. Mean±S.E.

LW 21.7±0.5 b 27.5±0.8 a 29.2±0.9 a 20.0±0.4 b 16.4±0.7 b 32.8±0.6 a

HW 57.0±0.4 b 65.3±0.7 a 64.3±0.7 a 58.0±0.3 b 56.2±0.6 b 66.1±0.5 a

RH 55.8±0.5 b 66.3±0.8 a 64.4±0.9 a 57.7±0.4 b 56.2±0.7 b 65.8±0.6 a

BL 55.2±0.5 b 60.1±0.8 a 60.9±0.8a 54.4±0.4b 52.1±0.7 b 63.2±0.6 a

HG 65.8±0.6 b 71.7±1.0 a 73.5±1.0 a 64.0±0.5 b 60.4±0.9 b 77.1±0.8 a

NG 37.2±0.4 b 39.3±0.7 a 44.5±0.7 a 32.0±0.3 b 32.5±0.6 b 44.0±0.5 a

CD 25.3±0.2 b 29.8±0.4 a 29.5±0.4 a 25.5±0.2 b 24.1±0.4 b 30.9±0.3 a

PBW 11.9±0.1 b 13.0±0.2 a 12.9±0.2 a 12.1±0.1 b 11.3±0.2 b 13.7±0.2 a

Table 3 Eigenvalues and factor loading after varimax rotation and
communality of live weight and linear body measurements of Ghana-
ian sheep

Character PC1 PC2 Communality

LW 0.699 0.652 0.913

HW 0.775 0.551 0.904

RH 0.765 0.493 0.828

BL 0.663 0.626 0.832

HG 0.708 0.603 0.865

NG 0.911 0.123 0.847

CD 0.722 0.574 0.850

PBW 0.216 0.942 0.934

Eigenvalue 6.376 0.599

Explained variable (%) 79.705 7.486

Accumulated variable (%) 79.705 87.191
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z ¼ 0:311ðRHÞ þ HW þ 0:512ðNGÞ � 1:197ðPBW Þ . . . . . . ð2Þ
z ¼ 0:571ðRHÞ þ 0:96ðHW Þ � 0:317ðNGÞ � 0:666ðPBW Þ . . . . . . ð3Þ
where z is the discriminant score for individual sheep.

Clear morphological differences existed between Sahel
and Djallonke because plots of breed membership using the
canonical variables (Figs. 1, 2 and 3) indicated that there
were two distinct populations. The Mahalanobis distance
between the Djallonke and Sahel sheep was 5.723 (Table 5).
While 100 % of the rams were classified into the appropriate
breeds of origin, 93.4 % of the ewes were correctly assigned
(Table 6). Overall, 90.8 % of the sheep (69.8 % of Sahel and
96.5 % of Djallonke) were correctly classified into their
source genetic groups.

The Fisher's linear discriminant functions that were developed
and used for the classifications are as follows:

Rams z* ¼ 2:354RH þ 3:403PBW � 0:855HG� 0:803NG ð4Þ

Ewes z* ¼ 0:181RH þ 0:676HW þ 0:390NG� 2:352PBW ð5Þ
Overll z* ¼ 0:263RH þ 0:498HW � 0:131NG� 1:081PBW ð6Þ

The critical values for the rams, ewes and the overall sheep
are 98.60, 35.56 and 28.25, respectively, so that an observation
is classified as Sahel if its z* score is greater than the associated
critical value; otherwise, it is classified into Djallonke.

Discussion

Genetic variation is vital for the populations to adapt to
varying environments and to respond to artificial selection;
therefore, any conservation and development scheme should
start from assessing the state of variation in the population
(Toro et al. 2011). Production of the autochthonous Ghana-
ian sheep breeds is directly associated with the concept of
sustainable agriculture. The difference between the two
sheep breeds may have genetic underpinning (Yakubu and
Ibrahim 2011), which is often facilitated when measure-
ments are restricted to phenotypically pure animals (Yakubu
et al. 2010b). The differentials obtained in the morpholog-
ical traits of the sexes could be attributed to sexual dimor-
phism (Yakubu and Akinyemi 2010; Carneiro et al. 2010).
Festa-Bianchet et al. (1996) reported that most dimorphism
developed post-weaning because of faster mass gain by
males during the age of 1–2 years. They also suggested that
males might have a longer season of mass gain each year
throughout their lives, while females divert annual resources
into reproduction, rather than body mass. The superiority of
mature animals over the young may be due to the effect of

Table 4 Canonical correlations and significance levels of the morpho-
metric traits

Group Discriminators Function R square Pr>F

Rams RH 0.506 0.5993 <0.0001

PBW 0.381 0.4584 <0.0001

HG 0.214 0.2116 0.0048

NG 0.112 0.0682 0.1240

Ewes RH 0.688 0.4012 <0.0001

HW 0.678 0.3943 <0.0001

NG 0.499 0.2604 <0.0001

PBW 0.125 0.0217 0.0181

Overall RH 0.853 0.4144 <0.0001

HW 0.817 0.3938 <0.0001

NG 0.396 0.1321 <0.0001

PBW 0.219 0.0445 0.0003

Traits arranged in order of their contributory importance
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age as an important factor influencing the conformation
traits of animals. The significant interaction effects indicate
the separate rankings of the breeds under the two sexes and
ages investigated.

The results for size and shape presented here indicate that
there are some significant differences between populations.
The first PC showed that an animal large for one trait was
generally large for all. The second described a subgroup of
animals with wide hips. The result of this study is consistent
with the reports of earlier workers (Chacon et al. 2011;
Cerqueira et al. 2011) where two PCs were retained to
explain the variations accounted for by the traits. While
the first PC indicates general body size (Pundir et al. 2011;
Yakubu et al. 2011b), the second PC represents shape component
(Yakubu et al. 2011b).

The RH was the single most important trait that clearly
differentiates Sahel from Djallonke sheep breed while HW
was a very important discriminator in the ewes and in the
overall sheep population. This is laudable because RH and
HW represent height and Sahel sheep are generally taller than
Djallonke sheep when animals of equal age groups of both
breeds are compared and appraised visually or on morphomet-
ric basis (Traoré et al. 2008). The present finding on the use of
height measurement for discriminating between sheep breeds is
consistent with the report of earlier workers (Carneiro et al.
2010; Rodero et al. 2011). The presence of PBWand NG in the

functions implies that there is a significant difference between
the two breeds in broadness by the neck and pin bone; hence,
these breeds can be discriminated on the basis of their anterior
and posterior dorso-lateral condition. The traits that caused the
marked difference were among those proposed by Yokoo et al.
(2010) who suggested the inclusion of linear dimensions in
breeding programmes because such traits were easily measured
and less affected by environmental variations. A clear distinc-
tion between breeds is very necessary to the livestock farmers
and livestock product consumers as well as livestock breeders
and researchers. The magnitude of such knowledge is well
presented in the developed countries where breed names be-
come more widely used as ‘brand’ names for livestock prod-
ucts (Blott et al. 1999). It, therefore, suffice to say that a
parsimonious discrimination between sheep breeds may be
achieved by using few discriminant traits provided those traits
are carefully selected through a statistically appraised proce-
dure. This is buttressed by the reports of Carneiro et al. (2010)
in sheep, Yakubu et al. (2011a) in goats andKefena et al. (2011)
in donkeys.

Expectedly, Sahel rams in the present study were higher in
height (RH) and larger in size (NG, HG and PBW) than the
Djallonke rams. This observation was similar to that of
Yakubu et al. (2010a) where the use of rump height, body
length, horn length, face length, chest girth, neck circumfer-
ence and head width as the most discriminant variables sepa-
rating Djallonke and Red Sokoto goats yielded 100 % correct
classification. The considerable (30.2–31.7%) erroneous clas-
sification of Sahel as Djallonke may mean that gene introgres-
sion is implicated since some of the breeding stocks were
brought to the experimental site (Pong-Tamale Livestock
Breeding Station) from elsewhere. Besides, some attempts
have been made by the stockmen at the breeding station to
crossbreed, which suggests that the genetic resources of these

Table 5 Mahalanobis distance between the Djallonke and Sahel sheep

Group Mahalanobis distance P value

Rams 31.878 <0.0001

Ewes 8.343 <0.0001

Overall sheep 5.723 <0.0001

Table 6 Classification into two sheep breeds

Sheep type Classification method Breed of origin Prediction of breed membership Total Overall
classification (%)

Sahel Djallonke

Rams Re-substitution Count (%) Sahel 8 (100.0) 0 (0.0) 8 100.0
Djallonke 0 (0.0) 28 (100.0) 28

Cross-validation Count (%) Sahel 8 (100.0) 0 (0.0) 8 100.0
Djallonke 0 (0.0) 28 (100.0) 28

Ewes Re-substitution Count (%) Sahel 46 (83.6) 9 (16.4) 55 93.4
Djallonke 8 (4.0) 194 (96.0) 202

Cross-validation Count (%) Sahel 46 (83.6) 9 (16.4) 55 93.4
Djallonke 8 (4.0) 194 (96.0) 202

Overall Re-substitution Count (%) Sahel 44 (69.8) 19 (30.2) 63 90.8
Djallonke 8 (3.5) 222 (96.5) 230

Cross-validation Count (%) Sahel 43 (68.3) 20 (31.7) 63 90.4
Djallonke 8 (3.5) 222 (96.5) 230

The stepwise procedure retained only four variables for each sample. In cross-validation, each case is classified by the function derived from all
cases other than that case
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two breeds of sheep might be eroded. Traoré et al. (2008) have
attributed the cause of large misclassifications to the manifes-
tation of introgressions across breeds resulting from the
actions of most stock breeders who intend to obtain products
with bigger conformation. The lower misclassification errors
of the Djallonke breed in each sample may be an indication of
more uniformity as a result of more genetic homogeneity of
this breed than the Sahel. It confirms the assertion that the
Djallonke sheep is generally small in body size (Traoré et al.
2008), and so most of them could not have been wrongly
categorized as belonging to the large body-sized Sahel breed.

Livestock biodiversity would be the source pool for genes
that confer disease resistance, specific product qualities like
fatty acid composition or milk composition, resistance to
draught and high temperatures and production traits to be
combined in newly formed breeds or crossbreds (Cardellino
and Boyazoglu 2009). The characterisation of sheep in this
study will be helpful to livestock farmers and researchers in
preserving the genetic resources of some of the indigenous
African sheep breeds, as well as to farmers and dealers in
livestock products in the production, processing and market-
ing of livestock and livestock products. However, whether the
variations in these morphological traits are caused by adaptive
or non-adaptive sources needs to be further verified by com-
paring between relative levels of population divergence in
quantitative traits and neutral DNA markers.

Conclusion

The study revealed that the Sahel sheep were larger than their
Djallonke counterparts in all the eight body measurements
investigated. The structure of the sheep was explained using
two principal components. Rump height, height at withers,
neck girth and pin-bone width were found as the most dis-
criminating variables to separate the two sheep breeds. Most
of the animals were correctly assigned into their breeds of
origin. The present information when complemented with
DNA microsatellites may help in management and in situ
conservation of the Djallonke and Sahel sheep in Ghana.
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