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ABSTRACT

The relationship between live body weight and some Jinear
body measurements using data on sheep are explored.
Predictive models for body weight were then fitted to the
data. The optimum model for predicting live body weight
of sheep involves the sex of the animal and its index of
volume (cstimated as the product of the square of the
heart girth and the body length) as predictor variables. A
weight chart based on this model is constructed for
determining liveweight of sheep, given an animal's sex,
its heart girth, and body length. The advantage of this
chart over the one developed by the Ministry of Food
and Agriculturc, Ghana, is briefly discussed.
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Introduction
An accurate method of determining the liveweight
of livestock is a very important aspe~t of livestock
production. Knowledge of animal!'s liveweight is
necessary for determining its food requirement
for growth, maintenance and production, and the
correct dosage in drug administration, among other
things. Also, the size of the adult animal is
intimately associated with mature weight and meat
yield. Direct determination of liveweight involves
the use of the weighing scale. Proper and accurate
measurement of body weight is difficult or even
impossible under smallholder production systems
due to lack of weighing scales. The need to
estimate liveweight of animals from simple and
ecasily measurable variables such as linear body

RESUME

Barrour-Awuan, O., Amporo, E. & Doboo, R. : Prédisant le
poids vif de mouton en utilisant les mesures linéaires du
corps.  Le rapport entre le poids vif et quelques mesures
linéaires du corps en utilisant les données du mouton est
exploré. Les modéles prophétiques pour le poids corporel
étaient alors fixés sur les données. Le modéie optimum
pour la prédiction de poids vif de mouton entraine le sexe
de I'animal et son indice de volume (estimé comme le
produit du tour de cceur carré et la longueur du corps)
comme des variables prédiseuses. Un graphique de poids
basé sur ce modéle est construit pour la détermination de
poids vif de mouton étant donné le sexe d' un animal, son
tour de cceur et la longueur du corps. L'avantage de ce
graphique par rapport & ce qui est développé par le
Ministére de I' alimentation et l'agriculture du Ghana est
brievement discuté.

measurements becomes evident.

The Ministry of Food and Agriculture, through
its Extension Department, has developed a system
of determining liveweight of sheep and goats from
the heart girth measurement only (Asare, Akofur
& Kpor, 1996). But it is felt that other linear body
measurements and other variables may be
important in determining the liveweight of an
animal. Very few studies have been carried out
on different linear body measurements of
indigenous breeds of cattle, sheep and goats, and
their possible use for estimating the animal's
liveweight (Ross, 1957; Balig, 1970; Mukherjee,
Singh & Mishra, 1986; Singh, Mohanty & Mishra,
1987; Osinowo et al., 1989; Hassan & Ciroma,
1992; Ahunu & Kpesese, 1995).

L_Ghana Jnl agric. Sci._33,207-212__| _ Accra: National Science & Technology Press_|




208

This study was carried out to establish the
relationship between liveweight and some linear
body measurements in sheep as a step towards
using predictive models to estimate liveweight of
sheep.

Materials and methods
Source of data ‘
The data used for this study were collected on a
random sample of 173 sheep kept at the Pong-
Tamale Livestock Breeding Station comprising
Djallonke, Sahelian and their crossbred, and
comprising 29 males and 144 females. The sample
was taken without any stratification by breed type
and sex of sheep.
~ Pong-Tamale is situated about 32 km north of
Tamale in the Northern Region of Ghana. Thé
area has a single rainfall season, which starts from
April/May to September/October. The rest of the
year is the dry season, which is characterized by
the dry harmattan winds. The annual rainfall is
over 1000 mm and an average temperature of
between 26 and 36 °C with relative humidity ranging
from about 20 per cent in the dry season up to
about 83 per cent in the rainy season.

The animals were kept and managed under a »

semi-intensive system. The flocks were released
during the day onto paddocks planted with pigeon
pea, stylosanthes and buffel grass. The sheep
were watered regularly and given salt lick and
supplementary feed comprising cottonseed,
cowpea/gr'ourfiﬁut haulms, and cassava peels.
Measurements were restricted to adult animals not
weighing less than 20 kg. After determining the
body liveweight on a weighing scale, each animal
was placed on all four legs on an even surface,
and the following linear body measurements were
taken with the tailor's measuring tape:

1. Body length (BDL): the distance from the
external occipital protuberance to the base
ofthe tail.

2. Height-at-withers (HWI): the distance from
the ground level to the withers.

3. Heart girth (HGR): the circumference ofthe
chest region of the body.
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4. Width-at-hip (WHP): the width of the thigh
at the hip of the hind leg.

5. Width-at-shoulders (WSD): the distance
from the beginning of the shoulder to the
withers.

6. Head length (HDL): the distance from the
beginning of the upper lip to the external
occipital protuberance.

7. Rump length (RUL): the distance from the
ground level to the hindback where the tail
begins.

8. Tail length (TAL): the distance from the base
to the end of the tail.

Statistical analysis

A multiple regression analysis was carried out
to describe the relationship between the
independent variables consisting of a set of linear
body measurements, sex and breed type of sheep,
on the one hand, and the liveweight as the
response variable, on the other hand. Many
methods have been suggested for developing the
optimum model involving the appropriate
variables (Draper & Smith, 1981). In selecting the
appropriate variables for the predictive model, the
"All Possible Selection" procedure was adopted.
This involved computing all possible and the best
subset regression equations. Each equation was
then assessed by its coefficient of determination,
R?, and the Mallow's constant, Cp, based on the
number of variables used for the prediction. The
use of other information such as knowledge of
the characteristics of the predictor variables, and
the cost of obtaining the information was also
considered.

A crucial step in constructing a multiple
regression model is to determine those variables
that contribute much to the response variable with
the elimination of ‘unimportant' variables, In all,
there were eight body linear measurements with
sex and breed type, which were considered as
dummy variables. The "All Possible Selection”
method gave the optimum number of independent
variables and their combination in regression
equations for predicting the dependent variable,
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which is liveweight of an animal.

Results and discussion
Table 1 summarizes the average measurements
for all the variables studied. On average, males
were heavier (33 kg) than females (29 kg), but
females had slightly longer bodies (94 cm) than
males (93 cm). This is reflected in other measures
.as head length (27 cm vs. 26 cm), rump length (71
cm vs. 70 cm), and tail length (33 cm vs. 31 cm)

FABLE |

Means and Ranges of Body Weight and Linear Body
Measurements of Sheep

Variable Sex Range Mean SE.
Body weight, kg M 200-580 326 199
(BWT) F200-450 28.7 0.56
Body length, em M 780 - 1190 93.0 1.92
(BDL) F 69.0-1160 94.1 0.83
Width at hip, cm M 250-420 31.0 0.8
(WHP) F  23.0-400 308 0.28
Width at shoulders, em M 22.0 - 386 28.6 0.79
(WSD) F  23.0-360 285 025
Heart girth, cm M 600-970 782 1.90
(HGR) / F 600-910 763 0.52
Height at withers, cm M 530 - 82.0 67.3 1.41
(HWTI) F 540-86.0 677 0.58
Head length, cm M 220-380 26.7 0.72
(HDL) F 230-330 273 0.18
Rump length, cm ‘M 56.0-8.0 707 141
(RUL) F 520-860 71.1 0.61
Tail fength, cm M 220-490 313 1.40
(TAL) F 18.0-50.0 332 0.59

that were higher in females than in males.
The males had higher chest circumference
(78 cm) than females (76 cm) which was
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which suggests that either any of these variables
or their combination, would provide a good
estimate for predicting liveweight in sheep.
Mukherjee et al. (1981, 1986) and Singh et al. (1987)
reported the highest correlation value of body
weight with chest circumference in various Indian
goat breeds. In adult animals, body length
assumes more importance as an indicator of
liveweight. Osinowo et al. (1989) also found that
heart girth gave the best estimate for predicting
liveweight of Nigerian Red Sokoto goats at 1-2
years of age, but body length was a better
predictor at later stages. Working with cattle and
sheep breeds in Ghana, Balig (1970) and Ahunu
& Kpesese (1995) showed a strong relation
between heart girth and liveweight. Hassan &
Giroma (1992) indicated that based on the
magnitude of the correlation coefficients, body
length and height-at-withers could be used to
predict liveweight of Red Sokoto goats. Their
analyses also indicated significant sex effect on
the linear body measurements, therefore stressing
the need not to ignore sex in using any linear body
measurement to predict liveweight in sheep and
goats.

Predictive equation for body weight

From the regression analysis, fitting all the
variablies in a full model, only BDL, WSD, HGR
and SEX were significant (P<0.05 and-1.96 <t<
1.96) (Table 3). It should be noted that contrary to

TABLE 2

Correlations Between Linear Body Measurements and Live

Body Weight of Sheep

measured with the heart girth. However,

BWT BDL WHP WSD HGR HWI HDL RUL

males and females had the same measure

BDL 0.668

for width-at-hip (31 cm), width-at-shoulder
(29 cm), and height-at-withers (67 cm).
Table 2 shows the correlation
coefficients between the variables.
Correlation coefficients between body
weight and width-at-hip, width-at-shoulder
and heart girth are high and significant,

WHP 0.746 0.645
WSD 0.732 0.603
HGR 0.830 0.639
HWI 0.701
HDL 0.525
RUL 0.714 0.685
TAL 0.490 0.569

0.744
0.746 0.687

0.698 0.764 0.675

0.574 0.585 0.545 0.614

0.744 0.719 0.668 0.884 0.564
0.495 0.543 0.468 0.728 0.466 0.748

0.622
0.393
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TABLE 3

Regression Analysis - Full Model
Predictor Coef StDev T P
Constant -51.0030  4.2340 -12.04 0.000
BDL 0.0929  0.0425 2.19  0.030*
WHP 0.2036  0.1484 1.37 0.172
WSD 0.3876  0.1523 2.55 0.012%
HGR 0.4912  0.0676 7.27  0.000*
HWI . 0.0084 0.1017 0.08 0.934
HBL 0.0885  0.1461 0.61 0.546
RUL 9.1589 0.0947 1.68 0.095
TAL 0.0324  0.0760 0.43  0.670
SEX 2.3817 0.8103 294 0.004*
BREED 1 0.3730 1.2970 029 0.774
BREED 2 2.3240 1.2020 1.93  0.055

* (P <0.05 and -1.96 < t < 1.96)

general expectation, the type of breed as a
predictor did not have any significant effect on
the liveweight of sheep (Table 3), especially when
up to six variables are considered in a predictive
model (Table 4). As fewer numbers of variables
were considered in the final predictive model, the
effect of breed type on liveweight was un-
important. Table 4 shows the results of selection
of predictive models by the "All Possible
Selection” procedure. An.X'sign against a variable
indicates that it is included in the model. Itcan be
observed that the coefficient of determination, R’
(which measures the proportion of variation (%)
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accounted for by the variable(s) included in the
model), increased from 68. 7 per cent in a l-variable
model up to about 78 per cent as more variables
were added. Also shown for each mode] is the
Mallow's constant, Cp, which gives a bias in
prediction.

The optimum model

Predictive equations with fewer variables are
simple and easy to interpret. One of the variables,
HGR, which gives a measure of the cross-sectional
area, has the highest correlation (0.83) with body
weight (Table 2). Also, considering that HGR and
WSD are closely related as both give a measure
of the cross-sectional area and, therefore, show a
high collinearity, WSD can be dropped from model
without much effect. Taking weight as a function
of volume, which , in turn, is a function of length
and cross-sectional area, a new variable can be
developed to take account of volume based on
(HGR)*and BDL. This new variable, given as
[(HGR)? x BDLY], is referred to as the index of
volume (Gordor & Howard, 1999). Consequently,
the general form of the body weight model
proposed is as follows:

BWT =, +B, [(HGRY* x BDL] + B, SEX

Based on the data available, the final predictive
equation for liveweight is then:

TABLE 4

Results Based on the "All Possible Selection” Method

No. of R'% Cp  BDL HGR WSD WHP HWI HDL RUL TAL SEX BREED I BREED 2
predictors ’
1 68.7 71.5 X
2 72.3 35.3 X X
2 73.6  24.6 X X X
T4 749 105 X X X X
5 76.8 8.1 X X X X
6 77.1 4.7 X X X X X X
7 78.2 4.8 X X X X X X X
8 78.1 6.4 X X X X X X X X
9 78.0 8.1 X X X X X . X X X X
10 77.8 10.0 X X X X X X X X X X
11 77.6 120 X X X X X X X X X X X

* (P <0.05 and -1.96 <t < 1.96)
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BWT=5.02+43 x 10° [(HGR)2 x BDL] +2.48SEX  Pper cent for the model incorporating HGR and BDL
as well as SEX as separate independent variables.

with a coefficient of determination R’ of about  This is because the new predictor variable that

76.2 per cent which is reasonably high. This considers volume of an animal by its chest
showed an improvement in the R’ of about 74.9  circumference and body length, is responsible for

TABLE §

Weight Chart Developed from Predictive Equation Based on [(HGR)® x BDL] and SEX
BDL (cm) SEX HGR (cm)

71 72 73 74 75
M 27.0 27.5 28.1 28.7 29.3
(25.5 - 28.5) (26.1 - 29.6) (26.7 - 29.6) (27.2 - 30.1) 27.8 - 30.7)
91 F 245 25.1 25.6 26.2 26.8
(23.8 - 25.2) (24.4 - 25.8) (24.9 - 26.3) (25.5 - 26.9) (26.1 - 27.4)
M 272 27.8 28.3 28.9 29.5
92 (25.7 - 28.7) (26.3 - 29.2) (26.9 - 29.8) (27.5 - 30.3) (28.1 - 31.5)
F 24.7 25.3 25.9 26.4 L 210
(24.0 - 25.4) 24.65 - 26.0) (25.2 - 26.5) 25.8 - 27.1)&' (264 - 27.7)
M 27.4 28.0 28.6 29.1 29.7
(26.0 - 28.9) (26.5 - 29.4) (27.1 - 30.0) (27.7 - 30.6) (28.3 - 31.1)
93 F 24.9 25.5 26.1 26.7 273
(24.2 - 26.5) (24.8 - 26.2) (25.4 - 26.8) (26.0 - 27.3) (26.6 - 27.9).
M 27.6 282 28.8 29.4 30.0
(26.2 - 29.1) (26.8 - 29.6) (27.4 - 30.2) 27.9 - 30.8) (28.6 - 31.4)
94 F 25.2 25.7 26.3 26.9 27.5
©(24.5-259) (25.0 - 26.4) 25.6 - 27.0) (26.2 - 27.5) (26.8.- 28.1)
M 27.8 28.4 ‘ 29.0 29.6 30.2
: (26.4 - 29.3) (27.0 - 29.9) (27.6 - 30.4) (28.2 - 31.0) (28.8 - 31.6)
95 F 25.4 25.9 26.5 27.14 27.7—
(24.7 - 26.1) (25.3 - 26.6) (25.9 - 27.2) (26.5 - 27.8) (27.1 - 28.3)
M 28.1 28.7 29.2 29.8 30.4
(26.6 - 29.5) 272 -30.1) 27.8 - 30.7) (28.4 - 31.3) (29.1 -.31.9)
96 F 25.6 26.2 26.8 27.4 "28.0
(24.9 - 26.3) (25.5 - 26.8) (26.1 - 27.4) (26.7 - 28.0) (27.4 - 28.6) ,
M 28.3 28.9 295 30.1 30.7
(26.8 - 29.7) (27.4 - 30.3) (28.1 - 30.9) (28.7 - 31.5) (29.3 - 32.1)
97 F 25.8 26.4 27.0 27.6 28.2
(25.1 - 26.4) (25.7 - 27.0) (26.3 - 27.6) (27.0 - 28.3) (27.6 - 28.8)
M 28.5 29.1 29.7 . 30.3 30.9 :
(27.1 - 29.9) (27.7 - 30.5) (28.3 - 31.1) (28.9 - 31.7) (29.5 - 32.3)
98 F 26.0 26.6 272 27.8 28.4
(25.3 - 26.7) (25.9 - 27.3) (26.6 - 27.8) (27.2 - 28.5) (27.8 - 29.1)
M 28.7 29.3 29.9 30.5 31.2
(27.3 - 30.1) 279 - 30.7) (28.5 - 31.3) {29.1 - 31.9) (29.8 - 32.5)
99 F 26.2 26.8 27.4 28.1 28.7
: (25.6 - 26.9) (26.2 - 21.5) (26.8 - 28.1) 27.4 - 28.7) (28.1 - 29.3)
M 28.9 29.5 30.1 ' 30.8 31.4
(27.5 - 30.3) - 28.1-309 (28.7 - 31.6) (29.4 - 32.2) (30.0 - 32.8)
100 F 26.4 - 27.0 27.7 . 28.3 289

(25.8 - 27.1) (264 -27.7)  (27.0-283)  (27.7 - 28.9) (28.3 - 29.5)
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much variation in the liveweight. Thus, given the
sex of an animal and an index of volume based on
its HGR and BDL, the animal's body weight can
be predicted from the mode! with a much higher
level of accuracy. :

Weight chart
The weight of a sheep may be predicted based
on the aforementioned optimum model; and from
this a weight chart can be constructed. Table 5
shows a portion of the weight chart developed,
based on HGR spanning from 71 to 75 cm, and on
BDL spanning from 91 to 100 cm, for male and
female animals, separately. For a given HGR and a
corresponding BDL, the first number represents
the predicted weight of animal given the sex, and
the corresponding numbers in parentheses
indicate the 95 per cent confidence interval for
the predicted weight. As an example, for a sheep
with a heart girth of 71 cm and a body length 0f 91
cm, the predicted liveweight for a male animal is
27.0 kg with a 95 per cent Cl of 25.5-28.5kg. The
corresponding weight for a female animal is 24.5
kg with a95 per cent Cl 0f23.8 - 25.2 kg. Fromthe
weight chart developed by MOFA, an animal with
a heart girth measure of 71 cm will weigh 25:3 kg
regardless of the sex of the animal. The present
weight chart, therefore, seems more appropriate
than the one developed by MOFA which is based
on only HGR.
* Further investigations should be carried out to
‘include measurements on very young and
growing animals to obtain the optimum predictive
model covering all age groups. Appropriate
weight charts based on HGR and BDL could then
be constructed to easily determine liveweights for
different classes of sheep.

Acknowledgement
The authors are grateful to Dr B. K. Gordor of the
Department of Mathematics, UCC, for his

statistical advice, and to the staff of Pong-Tamale

Livestock Breeding Station, APD/MOFA, for their
technical assistance during the collection of data

O. Baffour-Awuah et al. (2000) Ghana Jnl agric. Sci. 33, 207-212

for the study.

REFERENCES

Ahunu, B. K. & Kpesese, K. W. (1995) A note on
linear body measurements in estimating liveweight
in N'dama and West African Shorthorn cattle. Legon
agric. Res. Ext. J. 4,97-99.

Asare, C. O. K., Akofur, V. & Kpor, G. (1996)
Measure weight by girth measure. Technical Paper.
Agricultural Extension Department, Ministry of
Food and Agriculture, Cape Coast, Central Region.

Balig, S. (1970) The relationship of heart girth to
liveweight of common breeds of cattle and sheep in
Ghana (B Sc (Hons) Agric. Dissertation). Faculty
of Agriculture, University of Ghana, Legon.

Draper, W. R. & Smith, H. (1981) Applied regression
analysis, 2nd ed. New York, Wiley.

Hassan, A. & Ciroma, A. (1992) Bodyweight
measurements relationship in Nigerian Red Sokoto
goats. In Small ruminant research and develop-
ment in Afvica. Proceedings of the first Biennial
Conference of the Afvican Small Ruminant Research
Network (ed. B. Ray, S. H. B. Lebbie and L.
Reynolds), Nairobi, Kenya. pp. 491-498.

Gordor, B. K. & Howard, N. K. (1999) A statistical
approach to classifying human weights. J. Sci. Math.
Educ. (UCC) 2,78-87.

Mukherjee, D. K., Singh, S. K. & Mishra, H. R.
(1981) Phenotypic correlations of body weight with
body measurements in Grey Bengal goats. Indian J.
Anim. Sci. 51, 682-694.

Mukherjee, D. K., Singh, C. P. S. & Mishra, H. R.
(1986) Body weight measurement relationships in
Brown Bengal does. Indian J. Vet. Med. 10, 1004-
1006.

Osinowo, O. A., Olorunju, S. A. S., Otchere, E. O.
& Arigi, L. A. (1989) Development of a weight
band for Yankasa sheep and Red Sokoto goats. Paper
presented at the 14th Animal Conference of the
Nigerian Society for Animal Production held at
Makurdi, 2-6 April, 1989.

Ross, J. G. (1957) A method of estimating liveweight
in small shorthorn Zebu cattle from linear body
measurements. East Afi. agric. J. 23, 193-194.

Singh, N. R., Mohanty, S. C. & Mishra, M. (1987)
Prediction of body weight from body measurements
in Black Bengal goats: A note. Indian J. Anim. Prod.
Mgmt 3, 46-49.



