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Abstract: Yankasa sheep play a vital role in food security and the livelihood of smallholder farmers. This study aimed to
evaluate the relationship amongst body measurements. A total of 126 extensively reared Yankasa rams, between 15.5 – 28.3
months of age, were randomly selected for the study. Data on body measurements were collected and subjected to correlation,
principal component (PC), and step-wise multiple regression analyses. We found that mean body measures ranged from
11.2cm for scrotal circumference (SC) to 71.9cm for chest girth (CG), and the coefficient of variation ranged from 10.7%for
height at withers (HW) to 30.3%forBW. All body measures, except ear length, were significantly (P<0.01) associated with BW.
All body measures, except ear length, were significantly (P<0.01) associated with BW. Of all body measures, CG, rump width
(RW), and neck circumference (NC) were the most associated with BW, with correlation coefficients of 0.83, 0.8, and 0.79,
respectively, while neck length, ear width, and tail length were the least associated with correlation coefficients of 0.21, 0.33,
and 0.46. Three principal components from the factor analysis of body measurements explained about 64% of the total
variance. Regression models using original morphometric traits as predictors explained up to 80% of the variation
in body weight, while PC explained up to 75%. This study shows that body measurements, such as CG, RW, and
NC, could serve as markers for BW in Yankasa sheep.
Keywords: Body Weight, Linear Body Measurements, Principal Component, Predictor, Yankasa Sheep

1. Introduction
Yankasa sheep are the most numerous and most widely
distributed throughout the various ecological zones,
particularly Guinea and Sudan Savanna vegetation belt of
Nigeria, and constituted 60% of the total national flock [1].
Sheep are multifunctional animals that play a significant role
in the economy and nutrition of landless, small and marginal
poor farmers in most developing countries [2]. Sheep are
sources of animal protein, and their production is almost
entirely extensive with low input.

The main purpose of animal breeding practices is to
improve the traits of economic value [3]. These traits have a
close association with explanatory variables such as age,
breed, and morphological characters. Genetic improvement
of live weight is needed to increase meat yield from animals.
Bodyweight is an important economic trait in the selection of
animals for meat yield, and body measurements have been
used in animals to estimate body weight [4, 5].
Multifactorial analyses of morphological traits have
proven to be suitable in assessing the variation within a
population [6]. Various multivariate techniques such as
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Principal Component Analysis (PCA), cluster analysis,
multivariate regression analysis, discriminate statistics,
canonical correlation analysis, and others have been applied
for multivariate variable data analysis in the field of animal
science and other related fields.
PCA is an interdependence technique whose primary
purpose is to define the underlying structure among the
variables in the analysis. Factor analysis provides the tools
for analysing the structure of the interrelationships
(correlations) among a large number of variables by defining
sets of variables that are highly interrelated [7]. These groups
of variables are highly inter-correlated and assumed to
represent dimensions within the data.
PCA has been used as a tool in studying body shapes, in
evolutionary studies, and in understanding the complex
growth process among the body measurements of animals
during the growth period [8]. The dearth of information on
body measurements in Yankasa sheep using a multivariate
approach in the study area necessitated this study. This study
was, therefore, aimed at evaluating the relationship amongst
body measurements and predicting body weight from linear
body measurements in Yankasa sheep.

2. Materials and Methods
2.1. Experimental Location and Site
The experiment was carried out in Anyigba main market.
Anyigba is located in the derived savanna of Nigeria on
Latitude 7° 30'N and Longitude 7° 09'E. The zone is
characterized by 6 – 7 months of annual rainfall ranging from
1400 – 1500mm and daily temperature range of 25°C – 35°C
with the highest temperature in June – July [9].

Neck circumference (NC): the distance around the neck
Face length (FAL): the distance between the horn site to
the lower lip.
Ear length (EL): the distance from the base to the tip of the
ear.
Ear width (EW): the wideness of an ear.
Foreleg length (FL): the distance from the proximal
extremity of the olecranon process to the mid-lateral point of
the coronet.
Hind leg length (HL): the distance from the proximal
extremity of the olecranon process to the mid-lateral point of
the coronet.
Rump width (RW): the width between the hip bones
(Tuber coxae).
Tail length (TL): the distance between the tail drop to tip
of the tail.
Scrotal length (SL): the distance from the point of
attachment to the tip of the scrotum.
Scrotal circumference (SC): the point of maximum
dimension around the pendulous scrotum.
2.4. Statistical Analysis
Data collected were subjected to descriptive statistics of
the Statistical Package for Social Sciences software [10].
Relationships among body measurements were determined
using the correlation procedure of the same SPSS software.
The principal component analysis was described [12] as a
method for transforming the variables in a multivariate data
set , ⋯ X, into new variables, , ⋯ Y, which are
uncorrelated with each other and account for decreasing
proportions of the total variance of the original variables
defined as:
=

+

+ ⋯+

2.2. Experimental Animals

=

+

+ ⋯+

A total of 126 randomly selected Yankasa ram between
15.5 – 28.3 months of age, as determined by dentition
(presence of 4-6 permanent incisors) were used for the study.
The interaction with the sellers revealed that the animals
were extensively reared, with little or no provision for shelter
at night.

=

+

+ ⋯+

2.3. Traits Measured
The body weight (BW) of each ram was measured in
kilograms (kg) using a top-loading scale. Each ram was
restrained in a natural position before taking measurements.
Morphometric traits were determined in centimetre (cm)
using a measuring tape as outlined by Afolayan et al [1] as
follows:
Body length (BL): the distance between the tip of the
scapula to tail drop.
Height at withers (HW): the distance between the most
cranial palpable spinous process and the ground.
Chest girth (CG): body circumference immediately behind
the forelegs.
Neck length (NL): the distance between the base of the
skull to the point of connection with the trunk.

with coefficients being chosen so that Y, Y, ⋯ , Y
account for decreasing proportions of the total variance of
the original variables , , ⋯, X. Kaiser–Meyer–Olkin
measures of sampling adequacy were computed to test the
appropriateness of the factor analysis of the data. To
enhance the interpretability of the principal components, we
employed the varimax criterion of the orthogonal rotation
method in the rotation of the factor matrix. Bodyweight
prediction from linear body measurements and principal
component factor scores using the stepwise multiple
regression procedure was carried out using the following
model:
=
=

+
+

+ ⋯+
+ ⋯+

Where is the body weight, is the regression intercept,
B is the
partial regression coefficient of the i linear
body measurement, X or the i principal component,
.
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3. Results and Discussion
3.1. Body Measurements in Yankasa Rams
The mean ± standard error, standard deviation, and
coefficient of variation of body measurements in Yankasa
rams are presented in Table 1. The mean body measures
ranged from 11.2 cm for SC to 71.9 cm for CG, and the
coefficient of variation ranged from 10.7% for HW to 30.3%
for BW. The observed mean BL of 52.7cm was higher than
the value of 37.5cm reported for the animals of the same age
[11], but lower than the value of 59.4cm reported for 0-14
month Uda sheep and 70.9cm for Yankasa sheep [8]. The
observed mean BL in this study, however, agrees closely with
the findings of hlTraore et al) [12] who reported ranges
between 54.1 and 60.8cm among Sudan, Sahel, and SudanSahel sheep types of Burkina-Faso.
HW and CG mean values, as indicated in Table 1, were
higher but similar to the values of 62.1cm and 21.0kg,
respectively reported for Yankassa sheep [1] but lower 65.8,
76.2 and 84.6cmin other Yankassa. The mean FL observed
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was higher than the value of 47.7cm reported for Yankasa
and Uda breedsin a previous study [7] e while CG were
similar (71.9) with that of the WAD (72.9). The observed RW
of 16.3cm was lower than the values of 18 and 21.5cm
reported by the same author [7]. FL values of 21.47 reported
in the Uda [8] was comparable to the value of 20.88cm
obtained in this study.
The observed variations in morphometric measurements
may be due to differences in environments where the studies
were conducted. Large variation within certain measurements
suggests the absence of selection or the parts respond more to
the environment than others. In particular, CG measurements
are usually affected by gut fill and are highly variable.
Characteristically, FAL being a cephalic measurement,
exhibits small variability because of its close association with
cranial bone. The high variability shown by the standard
deviation values associated with the measurements can also
be a reflection of wide variation among actual ages of the
used animal sample, which was not known.

Table 1. Means ± standard error, standard deviation, and coefficient of variation of body measurements in Yankasa rams.
Traits
Body length (cm)
Height at withers (cm)
Chest girth (cm)
Neck length (cm)
Neck circumference (cm)
Face length (cm)
Ear length (cm)
Ear width (cm)
Hindleg length (cm)
Scrotal length (cm)
Scrotal circumference (cm)
Tail length (cm)
Rump width (cm)
Foreleg length (cm)
Body weight (kg)

Mean
52.71±0.63
66.34±0.64
71.91±0.7
23.44±0.29
33.1±0.63
20.88±0.19
13.59±0.21
6.07±0.08
62.41±0.72
17.33±0.26
11.17±0.24
39.9±0.49
16.3±0.24
61.47±0.62
22.31±0.6

3.2. Relationship Among Body Measurements
Table 2 displays the correlation matrix for the body
measurements obtained from Yankasa rams. All body
measures, except EL, were significantly ( < 0.01)
associated with BW. Of all body measures, CG, RW) and NC
were the most associated with BW, with correlation
coefficients of 0.83, 0.8, and 0.79, respectively, while NL,
EW, and TL were the least associated with correlation
coefficients of 0.21, 0.33, and 0.46 respectively.
Body shapes measured objectively could improve selection
for growth by enabling the breeder to recognize early
maturing and late maturing animals of different sizes [5].
Further exploitation of body dimensions could be achieved
by grouping them meaningfully. In such a case, their
evolutionary significance is also studied. Positive and
significant ( < 0.05) correlation among the measurements
suggests high predictability among the measurements. The
observed range of correlation was similar to those obtained in
the Uda, WAD, and Yankasa [1, 8]. The observed high

Standard deviation
7
7.1
7.8
3.3
7.0
2.1
2.4
0.9
8.1
2.9
2.6
5.5
2.7
7.0
6.8

CV (%)
13.3
10.7
10.8
14.0
21.2
11.3
17.6
14.9
12.9
17.0
23.6
13.9
16.3
11.7
30.3

positive correlation coefficient between BW and CG
compared to all other associations were similar and agreed
with the findings of Afolayan et al; [1] who reported that of
the linear body measurements, CG was the most related trait
to BW with a correlation coefficient of 0.94. Similar
observations have been reported between CG and BW in
male and female Red Sokoto goats [13]. Variables such as
height, length, and girth, which are directly related to the size
and weight of animals, displayed moderate to very high
positive correlations with one another and are comparable to
the range of values recorded for goats in earlier studies [5,
14]. The positive correlations between BW and
morphological traits obtained in the present study indicate
that an increase in any one body measurement would result in
a corresponding increase in live body weight. The strong
relationship existing between BW and body measurements
suggests that either or the combination of these
morphological traits could be used to estimate live weight in
sheep fairly well in the situation where weighbridges or
scales are not available. The association may also be useful
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as a selection criterion since positive correlations of traits
suggest that the traits may be under the same genetic
influences.
Table 3 shows the Eigenvalues and share of the total
variance, factor, and factor loadings after rotation of the
linear body measurements of Yankasa rams. Kaiser-MeyerOlkin measure of sampling adequacy (0.85, which reveals the
proportion of the variance in the body measurements caused
by the underlying factor), Bartlett’s test of sphericity
( < 0.01) , communalities ( 0.61 − 0.93 , the explained
variance) and the determinant (1.11 × 10 E-06, obtained

from the correlation matrix) permitted all body
measurements into a reasonable factor analysis. After a high
rotation (> 0.5) of the component matrix, three principal
components were yielded by the factor solution, as presented
in Table 3. The proportion of shared variance indicated by
PC1, PC2, and PC3 accounted for 47.24%, 9.02%, and 7.21%
of the total loadings, respectively, with the proportions of
Eigenvalues being 6.61, 1.26, and 1.01. All linear body
measurements except for EL and NL were loaded on PC1,
EB, EL, and NL were loaded on PC2, and only NL was
loaded on PC3.

Table 2. Correlation matrix for the body measurement of Yankasa rams.
Traits
HW
CG
NL
NC
FAL
EL
EW
HL
TL
RW
FL
BW

BL
0.59**
0.66**
0.25**
0.65**
0.43**
0.16
0.38**
0.45**
0.38**
0.67**
0.58**
0.68**

HW
0.672**
0.2*
0.64**
0.53**
0.07
0.5**
0.47**
0.59**
0.62**
0.72**
0.65**

CG

NL

NC

FAL

EL

EW

HL

TL

RW

FL

0.28**
0.75**
0.45**
0.09
0.42**
0.52**
0.49**
0.73**
0.65**
0.83**

0.17
0.31**
0.17
0.14
0.17
0.22*
0.15
0.08
0.21*

0.5**
0.03
0.35**
0.52**
0.45**
0.68**
0.6**
0.79**

0.133
0.27**
0.42**
0.47**
0.43**
0.43**
0.49**

0.39**
0.149
0.20*
0.06
0.12
-0.01

0.32**
0.33**
0.36**
0.41**
0.33**

0.4**
0.48**
0.5**
0.52**

0.42**
0.46**
0.46**

0.58**
0.8**

0.66**

*: Correlation is significant at the 0.05 level (2-tailed); **: Correlation is significant at the 0.01 level (2-tailed); BL: body length; HW: height at withers; CG:
chest girth; NL: neck length; NC: neck circumference; FAL: face length; EL: ear length; EW: ear width; HL: Hindleg length: SL: scrotal length; SC: scrotal
circumference; TL: tail length; RW: rump width; FL: Foreleg length; BW: body weight

The total variance of 63.47accounted for by the derived
PCs was lower than 78.7% in Uda sheep [7] but may be
considered as a generalized size factor as in a similar
investigation with cattle [15]. Name of author and reference
to the publication Berge further reported that 75% of the
generalized variance was explained by the factors. The first
component variable loadings could be termed body size and
were similar to what was observed in WAD goatand Uda
sheep [13, 7], and mature Balami sheep [3]. The second and
third component variables indicate more of defining
characteristics for the animals. Two major underlying factors
are responsible for the observed clusters [7]. These may be
related to the different associations of each measurement
with bone, environmental components, or the time taken to
reach maturity. These in turn will be expected to change with
time/age. More importantly, the elements present in each
cluster probably have common genomic sites for their genetic
control. In other words, pleiotropy is likely implicated.
Table 3. Eigenvalues and share of the total variance, factor and factor
loadings after rotation of the body dimensions of Yankasa rams.
Traits
Chest girth
Neck circumference
Height at withers
Body length
Rump width
Fore leg length
Scrotal length
Scrotal circumference

Component
1
0.84
0.83
0.82
0.80
0.80
0.78
0.68
0.67

2
-0.15
-0.24
-0.09
-0.08
-0.23
-0.14
0.06
-0.01

3
0.07
0.02
0.01
-0.02
-0.04
-0.16
-0.16
-0.15

Traits
Hind leg length
Tail length
Face length;
Ear width
Ear length
Neck length
Eigenvalues
Percentage of total variance
Cummulative (%)

Component
1
0.66
0.66
0.65
0.56
0.23
0.30
6.61
47.24
47.24

2
-0.02
0.17
0.10
0.44
0.84
0.41
1.26
9.02
56.26

3
0.02
0.11
0.36
-0.33
-0.28
0.77
1.01
7.21
63.46

Table 4 presents the stepwise multiple regression of body
weight on original body measurements and their principal
component (PC) factor scores in Yankasa rams. Original
body measurements as explanatory variables indicated the
consistency of CG as an explanatory variable for body
weight in Yankasa rams. Three prediction equations were
obtained with high regression coefficient (R2) values of 0.68,
0.77, and 0.80 using CG, RW and NC as predictors for BW.
Using PCs as predictors, we obtained two equations with R2
values of 0.72 and 0.75. R2 values increased with increasing
numbers of variables included as predictors but not with
great margins in both equation groups.
The significant occurrence of CG as a BW predictor
among original body measurement variables agrees with the
previous findings [1] that the CG accounted for close to 90%
of the body weight in this study. It also in agreement with the
previous findings in the WAD and Red Sokoto goats [13],
where CG was found to be the most efficient in predicting
BW. The result of the multiple regression analyses indicated
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that the addition of other measurements to CG would result
in significant improvements in prediction accuracy even
though the extra gain was small, as revealed by the marginal
increase in R2. However, under field conditions, BW
estimation using CG alone would be preferable to
combinations with other measurements because of the
difficulty of the proper animal restraint during measurement.
Consequently, this reduces the practical usefulness of using
other body measurements in conjunction with CG [15]. The
use of CG as the most reliable variable to predict BW under
field conditions has also been recommended in previous
studies [16, 18]. The importance of CG in BW estimation
could be as a result of the fact that muscle, some fat along
with bone structure contribute to its formation. However, the
use of original body measurement should be treated with
caution since multi-collinearity is associated with unstable
estimates of regression coefficients [17], rendering the
estimation of the unique effects of the predictors unreliable.
This justifies the use of principal component factor scores for
prediction. These factors are orthogonal to each other and are
more reliable in BW estimation. PC1 accounted for
approximately 72% of the variation in BW, and the
combination of PC1 and PC2 accounted for 75%, suggesting
that PC1 indicates overall body size and may be sufficient for
BW prediction. PCA has been used to predict carcass and
weaning weights in small ruminants [18].
Table 4. Stepwise multiple regression of body weight on original body
measurements andtheir principal component (PC) factor scores in Yankasa
rams.
Variables
Model
Original body measurements as explanatory variables
CG
BW=-29.25 + 0.72CG
CG and RW
BW=-27.36 + 0.45CG + 1.08RW
CG, RW, and NC BW = -23.46 + 0.31CG + 0.89RW + 0.27NC
Orthogonal traits as independent variables
PC 1
BW=22.31 + 5.73PC1
PC 2
BW=22.31 + 6.1PC1 - 1.34PC2

SE R2
3.8 0.68
3.3 0.77
3 0.8
3.6 0.72
3.4 0.75

CG: chest girth; RW: rump width; NC: neck circumference; BW: body weight;
PC: principal component; SE: standard error; R: regression coefficient

4. Conclusion and Recommendation
4.1. Conclusion
This study revealed through Pearson correlation coefficients
that great and predictive degree of relationship existed
amongst body measurements in Yankasa Sheep, and the
highest singular pair was the association between BW and CG.
We found CG and PC1 were the major predictors of BW when
original body measurements and principal components,
respectively, were used as predictors in Yankasa Sh.
4.2. Recommendations
It is recommended that similar studies using ewes at
different age groups be embarked upon to verify the findings
in this study or to shed more light on the morphostructure of
the Yankasa breed.
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