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ABSTRACT
Body measurements have been used in animals to estimate body weight especially
in rural areas where scales are not readily available. The study was conducted in
Sekhukhune District of the Limpopo province, South Africa where the goats between
the ages of 20 and 30 months were used. Body weight and four morphological traits
were taken on each goat in the morning before they were released for grazing in a
total of 613 indigenous goats of both sexes (62 male and 551 female). Body weight
was measured in kilogram (kg) using a balance scale, hip height and shoulder height
measurement (cm) were done using a graduated measuring stick and the body
length and heart girth were measured in centimetre (cm) using a tape rule. Means,
standard deviations (SD) and coefficients of variation (CV) of body weight and
morphological traits were calculated. Pair wise correlations among body weight and
morphological traits were also determined and range from 0.81-0.91 for male and
0.72-0.89 for female goats, respectively and were significant (P<0.01). The direct
effect of heart girth on body weight was the strongest in both sexes (path coefficient
of 0.58 and 0.62 in males and females, respectively). Body length (males) and body
length and hip height (females) also positively (P<0.05) influenced body weight. The
direct effects of other linear type traits on body weight in both sexes were nonsignificant as revealed by t-test. These traits were indirectly realized mostly via heart
girth. Thus, they were removed from the final regression equations to obtain much
more simplified prediction models. The optimum multiple regression equation for
male goats included heart girth and body length, In female goats, however, the
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variables included in the final prediction model were heart girth, body length and
shoulder height. The forecast indices obtained in this study could aid in weight
estimation, selection and breeding programmes.
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INTRODUCTION
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1.0 INTRODUCTION
1.1 Background
Major determinants of profitability in a meat goat enterprise are the growth and body
traits (Supakorn and Pralomkarn, 2012). Weight, growth rate and conformation are
important components influencing the profitability of goats and are essential
objectives in selection strategies (Yakubu and Mohammed, 2012; Supakorn and
Pralomkarn, 2012). The success of selection depends on the choice of selected
traits. Furthermore, the potential for genetic improvement is largely dependent on the
heritability of the trait and its genetic relationship with other traits of economic
importance upon which some selection pressure may be applied (Das and Sendalo,
1990).
Morphological traits have been used in animals to estimate body weight (Yakubu,
2010). This has largely been the case in rural communities where scales are not
readily available. The common measures of estimation of body weights has been
simple correlation coefficients between body weight and morphometric measures or
regression of body weight on a number of body measurements (Kuzelove et al.,
2011). These however are inadequate in explaining complex relationships. The use
of path analysis which measures a direct and indirect effect of one variable on
another and also separates the correlation coefficients of the variables into
components of direct effect, indirect effect and compound path has been found to be
more useful (Yakubu and Mohammed, 2012).
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1.2 Research Problem
1.2.1 Problem statement
The biological relationship between body weight and morphological traits is complex.
The common methods of estimating the association of body weight and body
measurements and/or predicting body weight from body measurements do not
adequately measure the causal effects among biologically related variables.
1.2.2 Motivation of the study
Path analysis is an extension of the multiple regression model which permits the
determination of explanatory variables that affect mostly the response variable. The
study offers opportunity to estimate body weight with a high degree of accuracy
using body measurements as forecast indices. This will contribute better selection of
animals for breeding purposes based on morphometric traits.
1.2.3 Hypothesis
There are no association and causal effects among body weight measurements and
body measurements.
1.3 Aim and Objectives
1.3.1 Aim
The aim of the study was to establish a comprehensive relationship between body
weight and morphological traits of indigenous goats found in the Limpopo Province
of South Africa using path analysis.
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1.3.2 Objectives
The specific objectives of the study were:
i.

Establish direct and indirect causal effects between body weight and linear
body measurements of indigenous goats.

ii.

Develop functional model for predicting body weight using different body
measurements

4

CHAPTER 2
LITERATURE REVIEW
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2.0 LITERATURE REVIEW
2.1 Introduction
Goat rearing has taken a lead role in the sustainable rural development programmes
in developing countries (Rastogi et al., 2006). They have played multiple roles in the
support of mankind for over 7000 years (Aziz, 2010). While goats were originally
domesticated in southwest Asia they quickly moved into Africa and now can be
found in every environment on the continent. Goats are deeply embedded in almost
every African culture and are true friends to the rural people of Sub-Saharan Africa in
particular (Peacock, 1996).

In South Africa, the small stock industry is of crucial importance as 80% of the
agricultural land is unsuitable for intensive agricultural production (Schoeman et al.,
2010). In Nigeria, goats contribute about 25% of the total meat supply (Adebambo,
2003,Oni, 2002). Goats are one of the cheapest sources of animal protein because
of their high fertility rate and quick maturity traits (Jansen and Burg, 2004). They are
kept primarily for meat and contribute substantially to household income and food
security in most households in the rural areas (Adeyinka and Mohammed, 2006). In
South Africa, Kwazulu-Natal has the third largest goat population of South Africa’s
nine provinces (Anon., 1996), and the majority of these goats are of the indigenous
Nguni-type, found in the small-scale farming sector.

Knowing the body weight of a goat is important for a number of reasons, related to
breeding (selection), feeding and health care (treatment doses of antibiotics,
anthelmintics, and so forth). However, this fundamental knowledge is often
unavailable to those working with goats in the small-scale farming sector, due to the
6

unavailability of scales. Whilst professionals can overcome this obstacle, farmers are
usually unable to do so, because even a simple weighing scale may be unaffordable.
Hence, farmers have to rely on questionable estimates of the body weight of their
goats, leading to inaccuracies in decision-making and husbandry. Such difficulties
can be overcome by developing a simple, yet reasonably accurate method to predict
the body weight. For instance, a prediction equation can be established, based on a
linear body measurement (Morrison, 1949; Quinn, 1980; Anon., 1988; Gatenby,
1991; Thys & Hardouin, 1991). However, such measurements do not apply across
breeds and climatic zones and thus specific models that give the best fit should be
developed (Islam et al., 1991; Benyi, 1997). The most often used body weight
prediction models do not adequately give the causal effects among morphological
and body weight traits and other methods such as path analysis have been found to
be more appropriate.

2.2 Importance of goats

Goat is a multi-functional animal and plays a significant role in the economy and
nutrition of landless, small and marginal farmers in many developing countries (Khan
et al., 2006; Khan et al., 2006). In sub-saharan Africa, most of the goat production is
found in small-scale production systems (Adebambo, 2003 and Oni, 2002). Goats
can efficiently survive on available shrubs and trees in adverse harsh environment in
low fertility lands where no other crops can be grown.

Goats are hollow-horned small ruminants and together with sheep are sometimes
referred to as poor man’s cow. They are so referred because of their ability to
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provide adequate meat, milk and skin for the small-holder or subsistence farmers’
own use as well as a little extra for sale (Abanikannda and Leigh 2002). They
contribute to the livestock industry in terms of milk, meat skin and hair (Adebambo,
2003). According to Khan et al., (2006) and Fisher (1983), in comparison with other
domestic animals, goats are usually prejudiced and neglected, but they have
nevertheless fulfilled a most useful task of supplying a large part of the human
population with milk, meat, hair, leather and other products. Goats are generally kept
for their milk, meat, hair (mohair, cashmere) and skins. However, they provide their
owners with an additional broad range of products and socioeconomic services such
as being used as gifts, dowry; used in religious rituals and rites of passage
(Peacock, 1996; (Nsoso et al., 2004) and used for controlling bush encroachment.
Additional income from goats come in the form of value-adding operations including
the manufacture of goat leather products such as handbags, slippers and key
chains, goat meat products such as spiced meat cuts, and milk products such as
drinking yoghurt, cheese and amasi (Peacock, 2005). Goats are known to be
especially useful to people in semi-arid zones, where goats can sustain themselves
on sparse forage and extreme climate where other species of animal may perish.

2.3 Prediction of body weight from morphological characteristics

Traditionally, animals are visually assessed, which is a subjective method of
judgement (Abanikannda and Leigh, 2002). Therefore, the development of objective
means (linear body measurements) for describing and evaluating body size and
conformation characteristics would overcome many of the problems associated with
visual evaluation (Yakubu and Ibrahim, 2011; Jimcy et al., 2011). Some body
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measurements have been found to be correlated with live weight could be used in
objectively estimating body weight. Some of these measurements include body
length, withers height, hip height, heart girth, shoulder width and chest depth.

Body weight is often the most common and informative measure of animal
performance (Adeyinka and Mohammed, 2006). The heart girth measurement has
often been used as a predictor of body weight in animals, for example in cattle,
horses, and sheep (Morrison, 1949; Quinn, 1980; Anon, 1988; Gatenby, 1991; Thys
and Hardouin, 1991). The relationship between heart girth and body weight in Nguni
goats was studied by Myeni and Slippers (1997), and it was found that heart girth
explained 86.3 and 89.2% of the weight variation of bucks and does respectively. In
cattle, various lengths, heights and girths of live animals havebeen measured to
assess the relationship between these variables and the live weight (Dineur and
Thys, 1986; Goe et al., 2001; Mekonnen and Biruk, 2004; Abdelhadi and Babiker,
2009), in sheep (Valdez et al., 1997; Atta and El khidir, 2004; Sowande and Sobola,
2008; Kunene et al., 2009; Oke and Ogbonnaya, 2011) while in goats, these
measurements have been used to estimate body weight (Mohammed and Amin,
1997; Nsoso et al., 2004b; Adeyinka and Mohammed, 2006; Fajemilehin and Salako,
2008).

Amongst body measurements, high correlation coefficient values have been found
between chest girth and body weight (Bello, and Adama, 2012; Myeni and Slippers,
1997). Slippers et al., (2000) indicated that body weight of Nguni goats can be
predicted with confidence from heart girth measurements.

9

2.4 Methods of predicting body weight

In recent years, there have been a growing number of reports on the prediction of
body weight from a variety of body traits measured at different growth periods of
sheep (Riva et al., 2004; Afolayan et al., 2006; Kunene etal., 2009; Cam et al.,
2010a) and goat (Gorguluet al., 2005; Khan et al., 2006; Moaeen-ud-Din et al., 2006;
Rahman, 2007; Cam et al., 2010b). In any livestock operation, body weight (BW) is a
crucial piece of information that a producer needs to know to make proper
management decisions. De Brito Ferreira et al. (2000) indicated that body weight
measurement is used the most to evaluate body development in animals, but it is not
easily measured in the field. This is due to the time and energy expended while
determining it (Singh and Mishra 2004; Gorgulu et al., 2005; Oke and Ogbonnaya
2011).

However, purchasing scales to accurately measure BW can be a costly

endeavour for the producer and many part‐time producers are not willing to make
this investment. Without an accurate BW measurement, making sound management
decisions is daunting, if not impossible (NASS, 2007). Body weight of the animal is
needed for many purposes like feeding and breeding management, for marketing,
health care, choosing replacement males and females etc. (Dineur and Thys (1986);
Goe et al. (2001); Mekonnen and Biruk (2004); Abdelhadi and Babiker (2009);
Valdez et al. (1997); Atta and El khidir (2004); Sowande and Sobola (2008); Kunene
et al. (2009); Oke and Ogbonnaya (2011); Mohammed and Amin (1997); Nsoso et
al. (2004b); Adeyinka and Mohammed (2006); Fajemilehin and Salako (2008)). In
the field, weighing facilities may not be available and visual determination of the
body weight is the only available method. However, this method is largely inaccurate
for determining body weight (Chitra et al., 2012). The most intuitive way to assess
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body mass is weighing animals with a spring balance, a steelyard balance or any
suitable scale. However, such devices are too expensive for most of small farmers.
Using spring or steelyard balances can be painful because animals need to be lifted
up. The spring in the scale can permanently stretch with repeated or out-of-bounds
use, resulting in biased measurement. Scales must be installed on a horizontal base
(concrete floor) and checked regularly for setting and calibration. Any defect in the
base building can result in a bias in the measurements, as well as any lack of
calibration. Scale calibration and maintenance require skilled technicians. Therefore,
the conditions for accurate weighing are seldom met in the field. Moreover, the live
weight (LW) is only an estimation of body mass because it varies continuously with
feeding,

watering,

dropping,

urinating,

breathing,

sweating

and

so

on.

Thiruyenkanden (2005) reported that knowledge of determination of best fitted
regression model for estimation of body weight is often unavailable to those working
with goats due to unavailability of weighing scales; hence decision making and
husbandry are based on questionable and subjective estimates of body weight.

Different univariate models and multivariate approaches have been used to
determine relationships among body weight and several body measurements. Other
studies have utilized correlations to express the relationship between body
measurements variables, body weightand carcass traits. Regression equations have
been established to estimate body weight from body dimensions (Singh and Mishra
2004; Gorgulu et al., 2005; Oke and Ogbonnaya 2011). These regression models
allow a fast evaluation of the body weight of an animal; and are also used for the
optimization of feeding, determination of optimum slaughtering age, and selection
criteria. Bhadula et al. (1979) also reported that the best method of weighing animals
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without scales is to regress body weight on certain body characteristics which can be
readily measured. Body weight and linear measurements such as heart girth, body
length and height at wither have been used in predicting carcass composition in
goats (Singh et al., 1983; Raghavan, 1988; Rahman, 2007).

Although initial growth periods of living organisms are mostly linearly modeled, more
sophisticated methods could be used to model the later stages of growth. This
explains the slight edge, the allometric and quadratic models had over the linear
equation (Kocaba et al 1997). The findings in the study of Kocaba et al. (1997) are
also in agreement with the reports of Benyi and Karbo (1998) that the geometric
(allometric) equation estimated live weight with a high degree of reliability compared
to the linear equation. This is an indication that allometric growth equation offered a
quantitative description of meat conformation. This was corroborated by the reports
of Thys and Hardouin (1991) and Osinowo et al. (1992) that the relationship between
body measurements and body weight are curvilinear and well defined by geometric
regression equations. Smail and Da (2006) reported that the quadratic model gave a
better fit to the body parameters investigated by its higher R 2 and lower MSE
(residual mean square) compared to the simple linear model.

Several studies using linear body measurements of have shown their possible use
for estimating the animals live weights (Mason, (n.d); Robinet, 1967; Ngere et al.,
1979, Moruppa and ngere, 1986; Ibiwoye and Oyatogun, 1987; Osinowo et al., 1989;
Islan et al., 1991; Singh and Mishra, 2004; Slipper et al., 2000). Moderate and high
coefficients of determination obtained in these studies are indication that linear body
measurements may successfully describe variation in body weight. Gorgulu et al.
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(2005) reported highest R2 values from equations with heart girth, hip height and
withers height among others. Prediction of body weight from linear body
measurements seemed to be better in kids than adult goats (Khan et al., 2006). The
study showed that as age advanced, coefficients of determination decreased while
residual mean square increased. This is in consonance with the findings of
Thiruvenkadan (2005). Height at withers and rump height have been reported to be
limited in their values as indicators of weight. However, in the study of Khan et al.
(2006), they have been found to best explain variation in body weight in kids than
body length and heart girth. The findings of Khan et al. (2006) are consistent with the
submission for Aziz and Sharaby (1993) that height at withers could be considered
as a better predictor for body weight in lambs. Similarly, Boggs and Merkel (1984)
noted that height at withers is the most accurate and repeatable measurement for
frame size. This trend was reversed in adult non-descript goats where the model
including heart girth was found to be better in estimating body weight. The superiority
of heart girth over other body measurements have been reported by several other
workers (Topal et al., 2003; Thiruvenkadan, 2005; Yakubu, 2010a and b). This is not
unexpected considering the high environmental sensitivity of heart girth. Salako
(2004) reported that heart girth and body weight, grow in response to environmental
components such as feed and management; as such, they are used to assess
environmental impact on breeds. The higher association of body weight with chest
girth could also be attributed to the relatively larger contribution in body weight by
chest girth, which consists of bones, muscle and viscera. It has been documented
that body weight and linear body measurements of meat animals has been relevant
in estimating body size and shape (Kabie et al., 2006; Ogah et al., 2009; Lariviere et
al., 2009; Cam et al., 2010a; Onyimonyi et al., 2010; Lavvaf et al., 2012; Ojedapo et
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al., 2012). Body linear measurements in addition to body weight measurements are
better tools to describe an individual or a population as opposed to the weighing and
grading methods (Hill, 1990).

Multiple regression and factor analyses have been used to interpret the complex
relationships among carcass weight and body measurements. The specific goals of
factor analysis are to reduce a large number of observed variables to a smaller
number of factors and provide an operational definition (regression equation) for an
underlying process by using observed variables (Tabachnick and Fidell, 2001).
Factor scores can be derived such that they are nearly uncorrelated or orthogonal.
Hence, the use of factor scores as the variables in other analyses is possible and
may be very helpful (Tabachnick and Fidell, 2001). Using factor scores in multiple
regression analysis provides reliable results after factor scores are calculated by
using factor analysis. Reports on combining multiple regression and factor analyses
were few (Keskin et al., 2007a; Keskin et al., 2007b; Sangun et al., 2009).

Multivariate data analysis techniques have been used effectively to study latent
relationship among measurements (Yaprak et al., 2008). Yaprak et al. (2008) used
canonical correlation analysis to investigate relationship between two sets of
variables to produce both structural and spatial inference.

A number of authors have reported on the use of path analysis to establish the
relationship between various body measurements and liveweight (Ogah et al., 2009;
Yakubu and Mohammed, 2012; Okpeku et al., 2011, Yakubu, 2010; Cankaya and
Abaci, 2012 ). This method is explained in the next chapter.
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CHAPTER 3
RESEARCH METHODOLOGY
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3.0 RESEARCH METHODOLOGY
3.1 Study area
The study was carried out in the Sekhukhune District of the Limpopo province, South
Africa. The district is situated in the eastern part of the Province (Figure 1). The
climate is fairly typical of the Savanna Biome: warm, moist summers and cool, dry
winters. Mean annual rainfall ranges from 400 mm in the valleys to 600 mm on the
mountain slopes (Erasmus 1985) and mean summer temperatures from 25 °C in the
north to 20 °C in the south. The average minimum and maximum temperatures
recorded in the district range from 15 – 20°C and 25 – 30°C respectively.
There are four main vegetation types: Sekhukhune Plains Bushveld (Mixed
Bushveld), Sekhukhune Mountain Bushveld (Sourish Mixed Bushveld), Sekhukhune
Montane Grassland (Bankenveld) and Leolo Summit Sourveld (North-eastern Sandy
Highveld). The first two are semi-open woodland with a strong grass component,
whereas the latter two are pure grassland (Victor et al., 2005). The vegetation is
mainly used for grazing and browsing domestic livestock, primarily cattle and goats,
although crops (mainly sorghum) play a very important role in subsistence
agricultural production in some areas.
3.2 Animal management
The animals were subjected to the traditional management grazing system which
allowed them to move freely graze at day time and recalled back at night to owner
care where they were provided with water. The animals were between the ages of 20
to 30 months old.
3.3 Data collection
16

The following morphological measurements of goats were collected (Figure 2): hip
height (HP); shoulder height (SH), heart girth (HG), body length (BL) and body
weight (BW). Body weight and four morphological traits were taken on each animal
in the morning before they were released for grazing. Body weight was measured in
kilogram (kg) using a balance scale, hip height measurement (cm) was done using a
measuring stick while body length, shoulder height and heart girth were measured in
centimeters (cm) using a tape ruler. A total of 615 records were taken.

17

Source: Demarcation Board (www.demarcation.org.za)
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HG
SH

HH

A
BL

Figure 2: Indigenous goat showing the anatomical parts measured in this study.
3.3 Statistical analysis
3.3.1 Background to path Analysis

Path analysis was developed around 1918 by geneticist Sewall Wright, who wrote
about it more extensively in the 1920s. It has since been applied to a vast array of
complex modelling areas, including sociology and econometrics and to a lesser
extent in animal science. Path analysis is an extension of multiple regression. It goes
beyond regression in that it allows for the analysis of more complicated models. In
particular, it can examine situations in which there are several final dependent
variables and those in which there are "chains" of influence, in that variable A
19

influences variable B, which in tum affects variable C(Steiner, 2005). Path analysis is
extremely powerful for examining complex models and for comparing different
models to determine which one best fits the data. As with many techniques, path
analysis has its own unique nomenclature, assumptions, and conventions. Some of
the assumptions include:

1. All relations are linear and additive. The causal assumptions (what causes
what) are shown in the path diagram.
2. The residuals (error terms) are uncorrelated with the variables in the model
and with each other.
3. The causal flow is one-way.
4. The variables are measured on interval scales or better.
5. The variables are measured without error (perfect reliability).

A simple illustration of pathanalysis is depicted in Figure 3. In the model, the two
exogenous variables (Ex1 and Ex2) are modeled as being correlated and as having
both direct and indirect (through En1) effects on En2 (the two dependent or
'endogenous' variables). In most real models, the endogenous variables are also
affected by factors outside the model (including measurement error). The effects of
such extraneous variables are depicted by the "e" or error terms in the model.

20

Using the same variables, alternative models are conceivable. For example, it may
be hypothesized that Ex1 has only an indirect effect on En2, deleting the arrow from
Ex1 to En2; and the likelihood or 'fit' of these two models can be compared
statistically.

3.2. Data Analysis

Means, standard deviations (SD) and coefficients of variation (CV) of body weight
and morphological traits were calculated. Pairwise correlations among body weight
and morphological traits were also determined. Path coefficients were calculated
using SPSS (2001). This was to allow direct comparison of values to reflect the
relative importance of independent variables in explaining variation in the dependent
variable.

The path coefficient from an explanatory variable (X) to a response variable (Y) as
described by Mendes etal. (2005) is shown below was used:

PY.Xi = biSXi/SY

where:

PY.Xi= path coefficient from Xi to Y (i= HP, SH, HG, BL)

bi = partial regression coefficient,
21

SXi = standard deviation of Xi
SY= standard deviation of Y

The following multiple linear regression model was adopted:

Y = a + b1X1 + b2X2 + b3X3 + b4X4 + е

where:
Y = endogenous variable (body weight),
a = intercept,
b‘s = regression coefficients,
X’s = exogenous variables (HP, SH, HG, BL)
е = error term

Since the data for all traits were standardized, standardized partial regression
coefficient obtained from the above equation are called path coefficient. These allow
direct comparison of values to reflect the related importance of independent variable
(traits) to explain variation in the dependent variables or traits (Keskin 2005).

The significance of each path coefficient in the statistical model was tested by t-test
using the following model:
tj = bj –βj ˜ tα (n-p-1) ; j = 1, 2,----------------, p
√var (bj)
Where,
var(bj) = the diagonal member of matrix S2 (X’X)-1

22

S2 = mean square of residual obtained from ANOVA

The indirect effects of Xi on Y through Xjwill be calculated as follows:

IEYXi= rXiXjPY.Xj

where:
IEYXi = the direct effect of Xi via Xj on Y,
rXiXj = correlation coefficient between ith and jth independent variables,
PY.Xj = path coefficient that indicates the direct effect of jth independent variable on
the dependent variable.
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CHAPTER 4

RESULTS
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4.0 RESULTS
4.1 Morphological traits
Descriptive statistics for all traits are shown in Table 1. Male had higher body weight,
hip height and shoulder height while females had higher body length and heart girth.

Table 1: Descriptive statistics for all traits in male (n = 62) and female (n = 551)
indigenous goats.
Trait variation

Sex

Mean

Standard

CV

deviation
BW (kg)

HH (cm)

SH (cm)

BL (cm)

HG (cm)

F= Female

F

27.12

6.92

25.52

M

27.35

8.09

29.57

F

59.84

3.84

6.42

M

60.64

4.48

7.39

F

58.27

3.82

6.55

M

59.37

4.92

8.29

F

59.40

5.32

8.95

M

59.20

5.80

9.80

F

69.33

6.10

8.79

M

68.85

6.67

9.69

M= Male
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4.2 Bivariate correlations
Pairwise correlations among body weight and linear type traits of the two goat sexes
are shown in Table 2.
Table 2: Pearson correlation coefficient among traits male above diagonal and
female below diagonal.
Trait

BW

HH

SH

BL

HG

BW

-

0.81

0.82

0.85

0.91

HH

0.72

-

0.96

0.77

0.77

SH

0.72

0.87

-

0.77

0.79

BL

0.80

0.71

0.69

-

0.77

HG

0.89

0.69

0.71

0.75

-

** Significant at P<0.01
All correlation between measurements were high and significant (P<0.01) in both
males and females. The highest correlation was found between hip height and
shoulder height in males while in females the highest correlation was found between
body weight and heart girth. In males the lower correlations were found between
body length and hip height, body length and shoulder height and height girth and hip
height respectively. In females, the lower correlations were found between shoulder
height and heart girth, hip height and body length respectively.
4.3 Path coefficients of explanatory variables
The direct and indirect effects of morphological measurements on body weight in
male goats are shown in Table 3.
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Table 3: Direct and indirect effects of biometric traits on body weight of indigenous
male goats.
Trait

Correlation

Direct

coefficient

effects

Indirect effects
HH

Total

SH

BL

HG

0.03

0.22

0.45

0.70

0.22

0.46

0.79

0.45

0.55

with body
weight
HH

0.81

0.11ns

SH

0.82

0.03ns

0.11

BL

0.85

0.29*

0.08

0.02

HG

0.91

0.58*

0.08

0.02

0.22

0.32

*Significant at P<0.05; ns: non-significant
The correlation coefficient between hip height and body weight was high and
significant but its direct effect on body weight was low and not significant. However,
the total indirect effect of hip height on body weight was high realised largely through
heart girth. The direct effect of shoulder height on body weight was also low and
insignificant but total indirect effect was high realised mainly through heart girth. The
direct effects of body length and heart girth were moderately high and significant
(0.29 and 0.58 respectively). The direct effect of body length on body weight though
significant was lower the total indirect effect of 0.55. In the case of heart girth, the
direct effect was higher than the total indirect effect.

The direct and indirect effects of morphological measurements on body weight in
female goats are shown in Table 4.
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Table 4: Direct and indirect effects of biometric traits on body weight of indigenous
female goats.
Trait

Correlation

Direct

coefficient

effects

Indirect effects
HH

Total

SH

BL

HG

0.02

0.17

0.43

0.62

0.17

0.43

0.69

0.47

0.55

with body
weight
HH

0.72

0.10*

SH

0.71

0.02ns

0.09

BL

0.80

0.24*

0.07

0.01

HG

0.89

0.62*

0.07

0.01

0.18

0.26

*Significant at P<0.05; ns: non-significant
Unlike in females, the direct effect of hip height on body weight was significant
though lower than the total indirect effect of 0.62 realised mainly via heart girth. As in
males, the direct effect of shoulder height on body weight was low and insignificant.
However, the indirect effect of shoulder height on body weight was high (0.69)
achieved mainly through heart girth. Both the direct effects of body length and heart
girth were significant. However, the indirect effect of body length was higher than the
direct effect. This was not the case with heart girth whose direct effect was higher
than indirect effect.
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4.4 Standardized regression analysis
Table 5 presents the results of regression analysis for males.
Table 5: Regression analysis for males
Parameter

HH

SH

BL

HG

Coefficient (b)

0.11

0.03

0.29

0.58

SE

0.01

0.01

0.02

0.025

P Value

>0.05

>0.05

<0.05

<0.05

Intercept, a

-60

Derived regression model for males:
Y = -60.41 + 0.11HH + 0.03SH + 0.29BL + 0.58HG
After deletion of non-significant predictor variables, the optimum regression model
was found to be:
Y = -60.419 + 0.29BL + 0.58HG
Table 6 presents the results of regression analysis for females.

Table 6: Regression analysis for females
Parameter

HH

SH

BL

HG

Coefficient (b)

0.10

0.02

0.24

0.62

SE

0.01

0.01

0.03

0.03

P Value

>0.05

>0.05

<0.05

<0.05

Intercept, a

-53.62

Y = -53.62 + 0.10HH +0.02SH + 0.24BL + 0.62HG
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After deletion of non-significant predictor variables, the optimum regression model
was found to be:
Y = -53.621 + 0.10HH + 0.24BL + 0.62HG
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CHAPTER 5

DISCUSSION
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5.0 DISCUSSION
5.1 Body weight and morphological traits
There was numerical mean differences between males and females in all
morphometric measurements. However, these differences were not significant
indicating no significant sex-associated differences between males and females.
Yakubu (2010) found sex associated differences except for withers height. The same
author found no significant differences in body weight and body measurements of
between male goats and females in another study (Yakubu, 2009). In a study by
Ogah et al., 2009, females had higher values than males except for rump height. In
the study by Okpeku et al., 2011, males had higher mean values for all measured
morphological measurements. There was a large variation in body weight and other
body measurements which could be important for genetic improvement of these
traits especially body weight as this is an economically important trait. However, as
this is phenotypic variation, this variability may not be translated directly into genetic
variation as this could be due to environmental factors. A genetic study would
uncover if these morphological traits of goats are genetically controlled. The present
study as indicated did not show sexual dimorphism which has been observed in
many other studies. The sexual dimorphism in these studies have been attributed to
the usual inter-sex differential hormonal action, which leads to differential growth
rates in male and female animals.

5.2 Pairwise correlations
Bivariate correlation displaying the relationship among body weight and linear body
measurements of indigenous goats has been shown in table 2. Body weight was
positively correlated with all the morphological measurements. However, the highest
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and significant correlation in males was observed between the bodyweight and heart
girth (r=0.91) followed by body weight and body length (r=0.85; P<0.01). The lowest
correlation was observed between body weight and hip height (r=0.81; P<0.01) In
females, the highest correlation was observed between the bodyweight and heart
girth (r=0.89) followed by body weight and body length (r=0.80) respectively. The
body dimensions were also positively and significantly correlated with each other.
Similar results had been reported by Yakubu, (2010) in Yankasa lambs. The high
correlations have been observed in other studies (Yakubu, 2010, Thiruvenkadan,
2005, Aziz and Sharaby, 1993).
The varying phenotypic correlation coefficients in the two sexes may suggest sexual
differences in the genetic architecture of the goats. The implications of the positive
relationships in the present study is that body weight could be estimated from body
measurements, especially under village conditions where scales are not readily
available. The association would also be useful as selection criterion if it is
determined that the correlations are under genetic control which would suggest that
the under the same gene action.

5.3 Path coefficients of explanatory variables
Path coefficients of the independent variables of male indigenous goats are
presented in Table 3. Path analysis permits the partitioning of correlation coefficient
into component parts (Marjanovic-Jeromela et al., 2008). The first component is the
path coefficient (beta weight) that measures the direct effect of the predictor variable
on the response variable. The second component estimates the indirect effect of the
predictor variable on the response variable through other predictor variables.
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The correlation coefficient between body weight and heart girth in the present study
was high (r = 0.91), its direct effect on body weight was also the highest (path
coefficient = 0.58) and significant (P<0.05) as indicated by the t-test. Its indirect
effect was however low (0.32). This indicates that body weight can be improved
through direct selection for heart girth. In a study by Yukubu (2010), the direct effect
of heart girth was also significant though lower. The indirect effect for heart girth was
also lower. The same results were observed in females. The direct effect of heart
girth was significant and high (0.62) while the indirect effect was low (0.26). These
results are however at variance with the observations made by Ogah et al., 2009.

The direct effects of hip height and shoulder height on body weight were both nonsignificant (path coefficient = 0.11 and 0.03 respectively, P>0.05). However the total
values of indirect effects of these measurements were large (0.79 and 0.70
respectively) and this was largely realized via heart girth. The results suggest that
the high correlations found between hip height, shoulder height and body weight
(0.81 and 0.82 respectively) was largely due to the indirect effect of heart girth.
Although the direct effect of body length on body weight was not the highest (path
coefficient = 0.29), it was significant. It could be concluded, therefore, that heart girth
and body length are valuable in the estimation of body weight of male indigenous
goats.

Path coefficients of the independent traits of female indigenous goats are presented
in Table 4. As in males, the highest direct positive contribution to body weight was
made by heart girth; followed by body length and hip height (path coefficient =
0.62,0.24 and 0.10 respectively; P<0.05). The direct effects of shoulder height on
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body weight was non-significant. However, its indirect effect was the highest (0.69)
realized through heart girth. As in males, the heart girth had the highest direct and
indirect effect on body weight of female indigenous goat as compared to other
morphological traits. This has also been observed by Jawasrey and Khasawney,
(2007; Kunene et al. (2009). It could be concluded, therefore, that heart girth and
body length are valuable in the estimation of body weight of female indigenous
goats. Hip height may also be valuable as its direct effect though low was
significant.The importance of heart girth has also been found in a study on Bunaji
cows. In this study, heart girth was found to have a significant direct effect on milk
yield.

In a study by Ogah et al., (2009), body length had direct effect on body weight only in
females while in males the effect was high through wither height. In a study by
Cankaya and Abaci (2012), the direct effect of body length though lower than indirect
effect was significant. The indirect effect was mainly through the chest girth and
height at withers. In a study by Yakubu and Mohammed, (2012), withers height
though positive had no significant effect on body weight. The high correlation
between the variable and body weight was largely due to the indirect effects of body
length and chest girth. With respect to body length, the Yakubu and Mohammed
(2012), this predictor variable was found to have the highest positive and direct
influence on body weight unlike in the present study which found heart girth to have
the highest direct effect on body weight. In a related study by Vargas et al. (2007),
heart girth, body length and head width had positive and direct effects on body
weight.
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5.4 Regression equations
From the regression results, the following equations were obtained for males and
females respectively:
Y = -60.419 + 0.11HH + 0.03SH + 0.29BL + 0.58HG
Y = -53.621 + 0.10HH +0.02SH + 0.24BL + 0.62HG
The coefficient of determination (R2) obtained were 0.87 and 0.88 for males and
females respectively.
The above equations included non-significant traits which after deletion resulted in
the following optimum regression models:.

In indigenous male goats, after the deletion of two of the predictor variables (HH and
SH), the path coefficients of body length and heart girth in the model can be written
as:
Y = -60.419 + 0.29BL + 0.58HG
In indigenous female goat, after deletion of only one of the predictor trait (SH) the the
path coefficients of hip height, body length and heart girth in the model can be
written as:
Y = -53.621 + 0.10HH + 0.24BL + 0.62HG
The equations obtained in this study are not the same as in other studies cited above
due to the variations in the number and type of morphological measurements used in
different studies.
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5.5 CONCLUSIONS
Simple phenotypic correlations have shown that body weight was positively and
highly correlated with hip height, shoulder height, body length and heart girth. The
path analysis has shown that heart girth had the highest direct and indirect on body
weight followed by body length. Heart girth and body length may be useful as
selection criteria in goat breeding programs where record keeping for genetic
evaluations is not well developed or non-existent. The optimum regression equations
for males included body length and heart girth while for females, the model included
body length, hip height and heart girth. These equations can serve as useful
practical tools for weight estimation in the field and for selection purposes

37

REFERENCES

38

REFERENCES
Abanikannda, O.T.F., Leigh, A.O. and Olutogun O. 2002. Linear measurements
based discriminant classification of Zebu cattle in Lagos State. In: Fanimo, A. O. and
J.A. Olanite (eds). Contributory role of animal production in national development.
Proceedings of the 7th Annual Conference of Animal Science Association of Nigeria,
held at the University of Agriculture, Abeokuta, September 16-19, 2002. pp 355-356

Abdelhadi, O.M.A and Babiker S.A 2009. Prediction of zebu cattle live weight using
live animal measurements. Livestock Research for Rural Development 21, 133
http://www.lrrd.org/lrrd21/8/abde21133.htm.
Adebambo, O.A 2003. Animal Breeds. A Nations Heritage University of Agriculture
Abeokuta, Nigeria Inaugural Lecture Series No 16 pp 5.
Adeyinka, I.A. and I.D. Mohammed. 2006. Relationship of live weight and linear body
measurement in two breeds of goats of Northern Nigeria. Journal of Animal and
Veterinary advances 5(11): 891-893
Afolayan, R.A., Adeyinka, I.A. and C.A.M. Lakpini. 2006. The estimation of live
weight from body measurements in Yankasa sheep. Czech Journal of Animal
Science 51: 343–348
Alade, N.K., Raji, A.O. and Atiku M.A. 2008. Determination of appropriate model for
the estimation of body weight in goats. Journal of Agricultural and Biological Science
3(4): 52-57.

39

Alade, N.K., Raji, A.O. and Atiku, M.A. 2008. Determination of appropriate model for
the estimation of body weight in goats. Journal of Agricultural and Biological Science.
3(4): 52-57.
Anonymous, 1988. Using maths to check mass. Farmer’s Weekly (Durban), August
19, pp. 64-66.
Anonymous, 1996. Herd numbers in South Africa. Red Meat, February, pp. 21.
Anonymous. 2005. Body measurement as a management tool for crossbred dairy
cattle at a smallholder farm condition. Prepared by B.S.J. Msangi, M.J. Bryant, P.Y.
Kavana, Y.N. Msanga and J.B. Kizima, www. Ihh. Kvl. Dk/htm/php/Tsap99/15msangi.htm; Date of Connection, 11 January 2005.
Atta, M. and A.O. El khidir. 2004. Use of heart girth, wither height and scapuloischial
length for prediction of live weight of Nilotic sheep. Small Ruminant Research 55:
233-237.
Aziz, M.A. and M.A. Sharaby. 1993. Collinearity as a problem in predicting body
weight from body dimensions of Nadji sheep in Saudi Arabia. Small Ruminant
Research 12: 117 – 124.
Bello, A.A. and T.Z. Adama 2012. Study on body weight and linear body
measurements of castrates and non-castrate savannah brown goats. Asian Journal
of Animal Sciences 6 (3): 140-146
Benyi, K. 1997. Estimation of liveweight from chest girth in pure and crossbred West
African goats. Tropical Animal Health and Production 29: 124-128.

40

Benyi, K. and Karbo N. 1998. Estimation of live weight from chest girth in pure and
crossbred West African sheep. Tropical Agriculture (Trinidad) 75: 380-384.
Bhadula, S.K., Bhat, P.N. and R.C. Garg 1979. Prediction of body weight from body
measurements in sheep. Indian Journal of Animal Science 49(10): 775-777.
Bhatacharya, B., Ghoshi, T.K., Duttagupta, R. and D.N. Moitra 1984. Estimation of
body weight in Black Bengal goats from body measurements. Indian Veterinary
Journal 61: 406-408.
Boggs, D.L. and R.A. Merkel 1984. Live animal carcass evaluation and selection
manual. 2nd Edition. Kendall/Hunt Publishing Comp., Dubuque, I.A. p.16
Cam, M.A., M. Olfaz and E. Soydan, 2010a. Possibilities of using morphometrics
characteristics as a tool for body weight production in Turkish hair goats (Kilkeci).
Asian Journal of Animal Veterinary. Adv., 5: 52–59
Cam, M.A., Olfaz, M. and E. Soydan 2010a. Possibilities of using morphometric
characteristics as a tool for body weight production in Turkish hair goats (Kilkeci).
Asian Journal of Animal and Veterinary advances 5: 52–59.
Cam, M.A., Olfaz, M. and E. Soydan. 2010a. Body measurements reflect body
weights and carcass yields in Karayaka sheep. Asian Journal of Animal Veterinary
Advances 5: 120-127.
Cam, M.A., Olfaz, M. and E. Soydan. 2010b. Body measurements reflect body
weights and carcass yields in Karakaya sheep. Asian Journal of Animal Veterinary
Advances 5: 120-127.

41

Cankaya, S. and Abaci, S.H. 2012. Path analysis for determination of relationships
between some body measurements and live weight of German Fawn x Hair
crossbred kids.KafkasUniv Vet FakDerg. 18 (5):769-773.
Chawla, D.S., Nagpal, S. and Bhatnagar, D.S. 1984. Variation in body weight of
Beetal and Saanen goats. Indian Journal of Animal Science. 54(7): 711-714.
Chitra, R., Rajendran, S., Prasanna, D. and A. Kirubakaran. 2012. Prediction of body
weight using appropriate regression model in adult female Malabari goat. World
Veterinary 5(7): 409-411.
Das, N., Joshi, H.B. and Bisht, G.S. 1990. Prediction of body weight from body
measurements in Barbari and Jamnapari goats reared under intensive management
system. Indian Veterinary Journal. 67: 347-351.
Das, S.M. and Sendalo, D.S. 1990. Comparative performance of improved meat
goats in Malya, Tanzania. In: Proceedings of the First Biennial Conference of the
African Small Ruminant Research Network. Nairobi, Kenya. pp. 445-452
De Brito Ferreira M P, Ramos De Carvalho F F, Nogueira Barros N and De Assis
Mello A. 2000. Relationship between body measurements and live weight in Saanen
and Nubian goat breeds. Proceedings of the 7th International Conference on Goats,
France, 15-21 May, 2000. p. 223.
Dineur B and Thys E. 1986. The Kapsiki: a taurine cattle breed of the extreme north
of Cameroon. 1. Introduction and body measurements. Revue d'Elevage et de
Médecine

Vétérinaire

des

Pays

Tropicaux

http://remvt.cirad.fr/revue/index_fr.php?annee=1986&num=3-4

42

39,

435-442

DL Streiner. 2005. Finding Our Way: An Introduction to Path Analysis. Canadian
Journal of Psychiatry. 50:115-122
Eyduran, E., K. Karakus, S. Karakus and F. Cengiz. 2009. Usage of factor scores for
determining relationships among body weight and some body measurements.
Bulgarian Journal of Agricultural Science 15 (4): 373-377.
Fajemilehin, O.K.S. and A.E. Salako. 2008. Body measurement characteristics of the
West African Dwarf (WAD) goat in deciduous forest zone of Southwestern Nigeria.
African Journal of Biotechnology 7: 2521-2526.
Fisher. 1983. Goat production in the tropics. Commonwealth Agricultural Bureaux.
Farnhan House ,Farnhan Royalslous n s123BN, UK.
Gatenby, R. 1991. Sheep. MacMillan Education Ltd., London.
Goe M.R, Alldredge J.R and Light D. 2001. Use of heart girth to predict body weight
of working oxen in the Ethiopian highlands. Livestock Production Science 69, 187195
Gorgulu O., Sar A., Keskin M., Bicer O and Gul S. 2005. Some prediction equations
of live weight from different body measurements in Shami (Damascus) goats.
Journal of Animal and Veterinary Advances 4: 532-534
Gül, S., Ö. Görgülü, M. Keskin, O. Bicer and A. Sarı. 2005. Some production
equations of live weight from diffrent body measurements in Shami (Damascus)
goats. Journal of Animal Veterinary 4: 532–534
Hill, D.H. 1990. Cattle and Buffalo Meat Production in the Tropics. Longman Ltd.,
UK, pp: 200.

43

Ibiwoye, T.I.I. and M.O.O. Oyatogun. 1987. Body weight estimation from measured
parameters in sheep and goats in the Kainji Lake Basin, Nigeria. 12th Annual
Conference, Nigerian Society for Animal Production, March 22-26. Ahmadu Bello
University, Shika-Zaria, Nigeria.
Islam, M.R., Saadullah, M., Howlider, A.R. and Huq, M.A. 1991. Estimation of live
weight and dressed carcass weight from different body measurements in goats.
Indian Journal of Animal Science. 61(4): 460-461.
Jahan, M., Tariq, M.M., Kakar, M.A., Eyduran, E. and Waheed, A. 2013.Predicting
body weight from body and testicular characteristics of Balochi male sheep in
Pakistan using different statistical analyses. The Journal of Animal and Plant
Sciences. 23 (1):14-19
Jansen, C. and K.V.D. Burg. 2004. Goat Keeping in the Tropics. Agromisa
Foundation, Wageningen, pp: 6.
Jimcy, J., Raghavan, K.C. and Sujatha, K.S. 2011. Diversity of local goats in Kerala,
India, based on morpho-biometric traits. Livestock Research for Rural Development.
Volume 23, Article #119. http://www.lrrd.org/lrrd23/5/jimc23119.htm.
Kabir, M., Oni., O.O., Akpa, G.N. and I.A. Adeyinka. 2006. Heritability estimates and
the interrelationships of body weight and shank length in Rhode Island red and white
chickens. Pakistan Journal of Biological Science 9: 2892-2896.
Keskin, S., A. Kor and S. Karaca, 2007a. Use of factor analysis scores in multiple
linear regression model for determining relationships between milk yield and some
udder traits in Goats. Journal of Applied Animal Research, 31: 185-188.

44

Keskin, S., Daskiran, I. and A. Kor. 2007b. Factor analysis scores in a multiple linear
regression model for the prediction of carcass weight in Akkeci kids. Journal of
Applied Animal Research 31: 201-204.
Khan, H., F. Muhammad, R. Ahmad, G. Nawaz, G. Rahimullah and M. Zubair, 2006.
Relationship of body weight with linear body measurements in goat. Journal of
Agriculture and Biology Sciences 1: 51–54
Kocaba, Z., Kesici, T. and A. Elicin. 1997. Growth curve in Akkaraman, Awassi x
Akkaraman and Malya x Akkaraman lambs. Turkish Journal of Veterinary and
Animal Sciences 27: 267-275.
Kunene, N.W., Nesamvuni, A.E. and I.V. Nsahlai. 2009. Determination of prediction
equations for estimating body weight of Zulu (Nguni) sheep. Small Ruminant
Research 84: 41–46
Kuzelov, A., Taskov, N., Angelakova, T., Atanasova, E. and Mladenov, M. 2011.
Impact of liveweight on the quality of pig halves and meat of the large white breed.
Biotechnology in Animal Husbandry. 27:819-824
Lariviere, J.M., Farnir, F., Detilleux, J., Michaux, C., Verleyen, V. and P. Leroy. 2009.
Performance, breast morphological and carcass traits in the Ardennaise chicken
breed. International Journal of Poultry Science 8: 452-456.
Lavvaf, A., Noshari, A. and T. Farahvash. 2012. Evaluation of the relationship
between body measurements and carcass traits of finishing Afshari and Zandi rams.
Asian Journal of Animal Veterinary Advances 7: 187-192.
Mason, I. L. The classification of West African Livestock:

Cattle. CAB

(Commonwealth Agricultural Bureaux), Farnham Royal, Bucks, UK. pp. 10.
45

Mekonnen, H.M and Biruk T. 2004. Heart girth-body weight relationship in two
Ethiopian zebu breeds. Revue de Medecine Veterinaire 155, 512-515
Mendes, M., Karabayir, A. and Pala, A. 2005. Path analysis of the relationship
between various body measurements and live weight of American Bronze turkeys
under three different lighting programs.TarimBilimleriDergisi. 11:184-188
Moaeen-ud-Din, M., N. Ahmad, A. Iqbal and M. Abdullah, 2006. Evaluation of
different formulas for weight estimation in beetal, teddy and crossbred (beetal x
teddi) goats. Journal of Animal and Plant Science 16: 3–4
Mohammed I.D and Amin J.D 1997. Estimating body weight from morphometric
measurements of Sahel (Borno White) goats. Small Ruminant Research 24, 1-5
Mohammed I.D and J.D. Amin. 1996. Estimating body weight from morphometric
measurements of Sahel (Borno White) goats. Small Ruminant Research 24: 1-5.
Mohammed, I.D. and A. Kibon. 2003. Estimation of live weight of sheep and goats
from linear body measurements in the semi-arid region of Nigeria. Journal of Arid
Agriculture 13: 173-175.
Mohammed, I.D. and J.D. Amin. 1996. Estimating body weight from morphometric
measurements of Sahel (Borno White) goats. Small Ruminant Research 5: 120–127.
Mohammed, I.D. and J.D. Amin. 1997. Estimating body weight from morphometric
measurements of Sahel (Borno White) goats. Small Ruminant Research 24: 1-5.
Morrison, F.B. 1949. Feeds and feeding. 21st Ed. The Morrison Publishing
Company, Ithaca (NY).

46

Morruppa S.M. and Ngere L.O. 1986. Biometric studies on the Borno White and Red
Sokoto goat breeds. Paper presented at the 12th Annual Conf. NSAP. March 22-26.
Ahmadu Bello University, Shika-Zaria, Nigeria.

Myeni, S. P. and S.C. Slippers. 1997. Estimation of body weight of Nguni goats from
heart girth measurements. In: Proceedings of the Annual Symposium of the South
African Society of Animal Scientists, Development of Animal Agriculture Branch.
Mtunzini, RSA.

NASS. 2007. Census of Agriculture. http://www.agcensus.usda.gov/Publications/
2007/Full_Report/index.asp. Accessed Nov. 3, 2009.

Ngere, L.O., Adu, I.F. and Mani, I.1979. Report of small Ruminant Breeding
Subcommittee. NAPRI Bulletin1. Ahmadu Bello University, Shika-Zaria, Nigeria.
Norris, D. and Ngambi, J.W. 2006.Genetic parameter estimates for body weight in
local Venda chickens. Tropical Animal Health Production. 38:605–609
Nsoso S.J, Podisi B., Otsogile E., Mokhutshwane B.S and Ahmadu B. 2004
Phenotypic characterization of indigenous Tswana goats and sheep breeds in
Botswana: continuous traits. Tropical Animal Health and Production 36: 789-800
Nsoso, S.J., Mannathoko, G.G., Tadubana, T.T. and L. Malela. 2004a. The effect of
methods of castration on live weight dressed percentage and linear body
measurements

of

indigenous

tswana

goats

raised

under

semi-intensive

management in Southeast Botswana. Livestock Research for Rural Development
Vol. 16.
47

Nsoso, S.J., Podisi, B., Otsogile, E., Mokhutshwane, B.S. and B. Ahmadu. 2004b
Phenotypic characterization of indigenous Tswana goats and sheep breeds in
Botswana: continuous traits. Tropical Animal Health and Production 36: 789-800.

Nsoso, S.J., G.G. Mannathoko, T.T. Tadubana and L. Malela, 2004. The effect of
methods of castration on live weight dressed percentage and linear body
measurements

of

indigenous

Tswana

goats

raised

under

semi-intensive

management in Southeast Botswana. Livestock Research for Rural Development
Vol. 16.
Odubote, I.K 1994. Characterization of West African Dwarf goat for certain
qualitative traits. Nigerian Journal of Animal Production 22: 37-41.
Odubote, I. K. 1994. Characterization of West African Dwarf goat for certain
qualitative traits. Nigerian Journal of Animal Production 22: 37-41.

Ogah, D.M., Alaga, A.A. and M.O. Momoh. 2009. Principal component factor
analysis of the morphostructural traits of Muscovy duck. International Journal of
Poultry Science 8: 1100-1103.

Ogah, M.D., Hassan, I.D. and Musa, I.S. 2009. Path analysis of the relationship
between various body measurements and live weight in immature West African
Dwarf goats. Analele IBNA. 25:72-77

48

Ojedapo, L.O., Amao, S.R., Ameen, S.A., Adedeji, T.A., Ogundipe, R.I. and A.O. Ige.
2012. Prediction of body weight and other linear body measurement of two
commercial layer strain chickens. Asian Journal of Animal Science 6: 13-22.
Ojedapo, L.O., Amao, S.R., Ameen, S.A., Adedeji, T.A., Ogundipe, R.I. and A.O. Ige.
2012. Prediction of body weight and other linear body measurement of two
commercial layer strain chickens. Asian Journal of Animal Science 6: 13-22.

Oke U.K and Ogbonnaya E.O 2011. Application of physical body traits in the
assessment of breed and performance of WAD sheep in a humid tropical
environment. Livestock Research for Rural Development. Volume 23, Article #024.
http://www.lrrd.org/lrrd23/2/oke23024.htm

Okpeku, M., Yakubu, A., Peters, S.O., Ozoje, M.O., Ikeobi, C.O.N., Adebambo, O.A.
and Imumorin, I.G. 2011. Application of multivariate principal component analysis to
morphological

characterization

of

indigenous

goats

in

Southern

Nigeria.

ActaAgriculturaeSlovenica. 98 (2):101–109

Omore, A.O., Cheng'oleMulindo, S. M., Islam, F., Nurah, G., Khan, M.I. and Staal,
JS. 2004. "Employment generation through small-scale dairy marketing and
processing: experiences from Kenya, Bangladesh and Ghana: A joint study by the
ILRI Market-oriented Smallholder Dairy Project and the FAO Animal Production and
Health

Division."

In.

http://www.fao.org/docrep/007/y4860e/y4860e00.htm.

49

Rome

FAO.

Oni, O.O 2002. Breeds and genetics improvement of small ruminants (sheep and
goats). Proceedings of the Manual for Small Ruminants Production in Nigeria
Complied for a Training Workshop at Shika Zaria, January 13-18, 2002, Nigeria, pp:
1-7.

Onyimonyi, A.E., Ugwu, S.O.C. and N.S. Machebe. 2010. Performance and linear
measurements of growing pigs fed on basis of their body weight. Pakistan Journal of
Nutrition 9: 57-59.

Osinowo, O.A., Olorunju, S.A.S., Otchere, E.O. and Arigi, L.A. 1989. Development of
a weigh-band for Yankasa sheep and Red Sokoto goats. Paper presented at the
14th Annual Conference of the Nigerian Society for Animal Production held at
Makurdi. 2-6 April.
Osinowo, O. A., Olorunju, S. A. S., Otchere, E. O. and L. A. Arigi. 1992 Relationship
between chest girth and live weight in Yankasa sheep and Red Sokoto goats.
Journal of Animal Production Research 12: 69-72.

Otoikhian, C.S.O., Otoikhian, A.M., Akporhuarho, O.P., Oyefia, V.E. and Isidahomen,
C.E. 2008. Body measurement parameters as a function of assessing body weight in
goats under on-farm research environment. African Journal of General Agriculture.
4(3): 136-140.
Otoikhian, C.S.O., Otoikhian, A.M., Akporhuarho, O.P., Oyefia, V.E. and C.E.
Isidahomen. 2008. Body measurement parameters as a function of assessing body

50

weight in goats under on-farm research environment. African Journal of General
Agriculture 4(3): 136-140.

Peacock, C. 2005. Goats—A pathway out of poverty. Small Ruminant Research
60(1): 179-186.

Peacock, C. 2007. The goats’ model. A proven approach to reducing poverty among
smallholder farmers in Africa by developing profitable goat enterprises and
sustainable support services. In Working Papers: Farm-Africa
Peacock, C.P. 1996. Improving Goat Production in the Tropics. A Manual for
Development Workers, FARM-Africa/Oxfam, Oxford.
Peters, K.J. and Horst P. 1981. Development potential of goat breeding in the tropics
and subtropics. Anim. Res. Dev. 14:54–71
Quinn, T. 1980. Dairy farm management. Delmar Publishers Inc., Albany (NY).

Raghavan, G. V. 1988. The influence of sex on goat meat production. Animal
Breeding Abstract: Proceeding of the international workshop on “Goat meat
production in Asia”. Tandojam, Pakistan.

Rahman F.M.D. (2007). Prediction of carcass weight from the body characteristics of
black Bengal goat Inter.J. of Agric. and Biol.3:431-434.
Rahman, F.M.D. 2007. Prediction of carcass weight from the body characteristics of
black Bengal goat. International Journal of Agriculture and Biology 3:431-434.
51

Rastogi, A., Dutta, N. and K. Sharma. 2006. Effect of strategically supplemented
pregnancy allowance on nutrient utilization and reproductive performance of goats.
Livestock Research for Rural Development Vol 18, Artic. No. 159.

Rastogi, A., N. Dutta and K. Sharma, 2006. Effect of strategically supplemented
pregnancy allowance on nutrient utilization and reproductive performance of goats.
Livestock Research for Rural Development. Vol. 18
RIM. 1992. Nigerian Livestock Resources: National Synthesis. Resource Inventory
and Management Ltd., Jersey, UK.
Riva, J., R. Rizzi, S. Marelli and L.G. Cavalchini, 2004. Body measurements in
Bergamasca sheep. Small Ruminant Research 55: 221–227
Riva, J., Rizzi, R., Marelli, S. and L.G. Cavalchini. 2004. Body measurements in
Bergamasca sheep. Small Ruminant Research 55: 221–227.

Robinet, A.H. 1967. La chèvre Rousse de Maradi son exploitation et sa place dans
l'économie et l'élevage de la République du Niger. Revue d'Elévage et de Medecine
Veterinaire des Pays Tropicaux 20(1): 129-186; Animal Breeding Abstracts 35, No.
3746.
Robinet, A.H. 1967. La chèvre Rousse de Maradi son exploitation et sa place dans
l'économie et l'élevage de la République du Niger. Revue d'Elévage et de Medecine
Veterinaire des Pays Tropicaux 20(1): 129-186.

52

Salako A.E 2004. Maturity rate of some morphometric traits in the West African
Dwarf sheep of Nigeria. Tropical Journal of Animal Science 7: 51-55
Sangun, L., S. Cankaya, G.T. Kayaalp and M. Akar. 2009. Use of factor analysis
scores in multiple regression models for estimation of body weight from some body
measurements in Lizardfish. Journal of Animal and Veterinary Advances, 8 (1): 4750.
Schoeman, S.J, S.W.P. Cloete and J.J. Olivier. 2010. Returns on investment in
sheep and goat breeding in South Africa. Returns on investment in sheep and goat
breeding in South Africa. Livestock Production Science. 130 (1): 70-82.
Singh, C.S.P., D.K. Singh., R. Singh., S. Nath and H.R. Mishra. 1983. Some Carcass
Characters of Black Bengal and Crossbred goats. Indian Journal of Animal Science
53: 560-561.
Singh, P.N. and Mishra, A.K. 2004. Prediction of body weight using conformation
traits in Barbari goats. Indian Journal of small Ruminants 10 (2): 173.
Slippers, S.C., Letty, B.A. and De Villiers, J.F. 2000. Prediction of the body weight of
Nguni goats. South African Journal of Animal Sciences. 30 (1): 127-128. Short paper
and poster abstracts: 38th Congress of the South African Society of Animal Science.
Slippers, S.C., Letty, B.A. and J.F. De Villiers. 2000. Prediction of the body weight of
Nguni goats. South African Journal of Animal Sciences 30 (1): 127-128.

Smail, K. and B. Da. 2006. Comparison of the linear and quadratic models for
describing the growth of live weight and body measurements in Anatolian Merino
male lambs in fattening period. Journal of Animal and Veterinary Advances 5: 81-84.
53

Sowande O and Sobola O 2008 Body measurements of west African dwarf sheep as
parameters for estimation of live weight. Tropical Animal Health and Production 40,
433-439
Stamper, N., 2010. Linear and ultrasound measurements in crossbred goats as a
predictor of live and hot carcass weights. Master of Science, Thesis. University of
Tennessee, USA.

Supakorn, C. and Pralomkarn, W. 2012. Genetic parameter estimates for weaning
weight and Kleiber ratio in goats. Songklanakarin Journal of Science and Technology
34 (2):165-172
Tabachnick, B.G. and L.S. Fidell, 2001. Using Multivariate Statististics. Allyn and
Bacon Pearson Education Company Boston, USA, 966 pp. www.minitab.com /
www.spss.com.
Thiruvenkanden, A.K. 2005. Determination of best fitted regression model for
estimation of body weight in Kanni Adu kids under farmers’ management systems.
Livestock Research for Rural Development 17(7): 76-87.

Thys E. and Hardouin J. 1991. Prediction of sheep body weight in markets in the far
north Cameroon. Livestock Research for Rural Development. Volume 3 (1).
Topal M., Yildiz N., Esenbuga N., Aksakal V., Macit M and Ozdemir M. 2003.
Determination of best fitted regression model for estimation of body weight in Awassi
sheep. Journal of Applied Animal Research 23: 201-208.
54

Valdez C.A, Tupas D.G.A and Matias J.B 1997. Determination of body weight in
sheep using external body measurements. Philippine Journal of Veterinary Medicine
34, 25-31
Victor J., S Siebert, D Hoare and B Van Wyk. 2005. Sekhukhuneland grasslands: a
treasure

house

of

biodiversity.

http://www.fao.org/ag/agp/agpc/doc/show/safrica/sapaper/saessay.htm
Yakubu A. 2010a. Path coefficient and path analysis of body weight and biometric
traits in Yankasa lambs. Slovak Journal of Animal Science 43: 17-25

Yakubu A. 2010b. Fixing multicollinearity instability in the prediction of body weight
from morphometric traits of White Fulani cows. Journal of Central European
Agriculture 11: 487-492

Yakubu A. and Ibrahim I.A 2011. Multivariate analysis of morphostructural
characteristics in Nigerian indigenous sheep. Italian Journal of Animal Science 10
(2): 83-86

Yakubu A. 2010a. Path coefficient and path analysis of body weight and biometric
traits in Yankasa lambs. Slovak Journal of Animal Science 43 (1):17–25
Yakubu A. 2010b. Fixing multicollinearity instability in the prediction of body weight
from morphometric traits of White Fulani cows. Journal of Central European
Agriculture. 11:487–492

55

Yakubu, A. 2010a. Path coefficient and path analysis of body weight and biometric
traits in Yankasa lambs. Slovak Journal of Animal Science 43: 17-25

Yakubu, A. 2010b. Fixing multicollinearity instability in the prediction of body weight
from morphometric traits of White Fulani cows. Journal of Central European
Agriculture 11: 487-492.

Yakubu, A. 2011. Path analysis of conformation traits and milk yield of Bunaji cows
in smallholder’s herds in Nigeria. AgriculturaTropicaetSubtropica. 44 (3):152-157.

Yakubu, A. and I.A. Ibrahim. 2011. Multivariate analysis of morphostructural
characteristics in Nigerian indigenous sheep. Italian Journal of Animal Science 10
(2): 83-86.

Yakubu, A. and Mohammed, G.L. 2012. Application of path analysis methodology in
assessing the relationship between body weight and biometric traits of Red Sokoto
goats in Northern Nigeria. Biotechnology in Animal Husbandry.28 (1):107-117

Yakubu, A., Ladokun, A.O. and Adua, M.M. 2011. Bioprediction of Body Weight from
Zoometrical Traits of Non-descript Goats using Linear and Non- Linear Models in
North Central Nigeria.Livestock Research for Rural Development. Volume 23, Article
#130. http://www.lrrd.org/lrrd23/6/yaku23130.htm.

56

