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Abstract The objective of this study was to determine the
usefulness of some linear body measurements in predicting
live weight in indigenous Tswana goats at various ages. Data
for this study were obtained from 2,783 goats sampled from
six agricultural regions of Botswana except for Tsabong and
Ghanzi districts. Fifteen farmers keeping goats were randomly
selected from each district and records taken on a random
sample of 4–12 animals per farm depending on the 1999
Botswana Government average district flock size. Body
measurements recorded were heart girth, height at withers,
body length, shoulder width, and live weight. Information on
age of each animal was estimated from dentition; flock size
and sex of the animal were also recorded for each farm.
Regression analysis using stepwise selection method in
Statistical Analysis System was used to determine prediction
equations for live weight with heart girth, height at withers,
body length, and shoulder width as independent variables for
male and female goats of different ages. In all models, heart
girth contributed most in explaining variation in body weight
as shown by high partial R2 which ranged from 0.48 for
female mature to 0.80 for mature male goats. Using mean
square error, R2, and Mallows’ C(p), the best prediction

equations were for female and male kids (R2=0.83 and 0.82,
respectively) and mature male goats (R2=0.82). The poorest
model was for mature female goats with R2=0.57. Live body
weight could be estimated with accuracy from linear body
measurements in Tswana goats which are unique for each
sex and age. More research is required to explore using these
models to develop measuring tapes for use by resource poor
farmers who keep indigenous Tswana goats.
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Introduction

Goat rearing is an important agricultural activity in
Botswana (Oladele and Monkhei 2008). The indigenous
Tswana goats constitute (77%) of the 1.6 million national
goat population. The majority (89%) of the 79, 341 goat
holdings distributed across the country keep these goats
(Central Statistics Office 2006). Characterization of this
breed has been limited hence it is not fully exploited and
conserved (Nsoso et al. 2004). Traditionally, as elsewhere
in the tropics, goats are an important resource providing
nutrition (meat and milk), income, employment, and food
security to poor farmers (Nsoso et al. 2004; Khan et al.
2006; Moaeen-ud-Din et al. 2006; Ojedapo et al. 2007;
Kunene et al. 2009). Often farmers need to know the body
weight of their animals for management reasons such as
feeding, determination of dosages of various drugs, and
most importantly for marketing (Slippers et al. 2000;
Otoikhian et al. 2008). A good estimate of body weight is
also important for studying the growth pattern of goats and
selection for breeding purposes (Slippers et al. 2000).
However, due to unavailability of scales, farmers in rural
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areas use visual assessment skills to determine body weight.
This method of estimating body weight often has errors
such as using the same estimate for more than one breed of
a particular species and being deceived by the body
structure of the animal (Otoikhian et al. 2008). Such
difficulties can be overcome by developing simple, yet
reasonably accurate methods to predict body weight such as
the use of prediction equations based on linear body
measurements using easily obtainable and cheaply available
metric tape rule (Slippers et al. 2000; Adeyinka and
Mohammed 2006a; Moaeen-ud-Din et al. 2006; de Villiers
et al. 2009). Fajemilehin and Salako (2008) studied West
African Dwarf goat body measurements characteristics and
concluded that body weights could be predicted accurately
from heart girth, body length and wither height among
other variables. Therefore, the objective of this study was to
determine the usefulness of some linear body measurements
as independent variables in predicting live weight of
indigenous Tswana goats at various ages.

Materials and methods

The data used in this study were described in detail by Nsoso
et al. (2004). Briefly, the study area covered representative
areas of six agricultural regions that spanned the whole of
Botswana except for Tsabong and Ghanzi districts. A total of
2,783 goats were sampled. In each district, a total of 15
farmers keeping goats were randomly selected and records
were taken on a random sample of 4–12 animals per farm
depending on the Botswana Government (1999) average
district flock size. Body length, heart girth, height at withers,
and shoulder width were recorded. In addition, age of each
animal (estimated by dentition), flock size, and sex of the
animal were recorded.

For this study, sex was characterized as females and
males. Four age sub-classes were used following Katongole
et al. (1996), namely: 0–12 (kids), 13–24 (grower), 25–36
(mature), and 37 months and older goats (old). The
Procedure General Linear Model in Statistical Analysis
System (SAS 2001–2003) was used initially to analyse the
data by fitting the model below to identify the factors
significantly affecting performance:

Yijk ¼ mþ ai þ bj þ abij þ eijk ðModel1Þ
where:

Yijk ¼ observed animal body weight
m ¼ general mean body weight
ai ¼ ith animal sex effect; i ¼ 1; 2
bj ¼ jth animal age effect; j ¼ 1; 2; 3; 4
abij ¼ ijth sex and age interaction effect
eijk ¼ random variation � Nð0;s2Þ

Least squares means and their standard error are
reported. The means were separated using the least
significant difference. Having identified the important
effects, stepwise regression analysis using the Procedure
REG in SAS (2001–2003) was used to find a suitable
model to predict live weight (dependent variable Y) using
independent variables (X) body length, heart girth, height at
withers, and shoulder width. The model below was fitted:

Yij ¼ aþ
X

biXi þ eij ðModel2Þ
where: a = intercept

bi ¼ slopes rate of change in bodyweight with unit
change in independent variable

Xi ¼ independent variables� heart girth hgð Þ;
shoulder width swð Þ;body length blð Þand height
at withers hwð Þ

Yij ¼ dependent variable weightð Þ
eij ¼ random variation � N 0; s2

� �

For regression analysis, all animals aged 25 months and
above were categorized as mature since their average weights
were similar. Hence, the models were determined for male and
female goats and three age groups namely kids, growers, and
mature animals. These models were tested for significance
using F statistic, while each parameter estimate was tested
using the t statistic. The importance of each variable was
determined by assessing its contribution to the model using
the partial R2, coefficient of determination R2, Mallows’ C(p)
statistic, and mean square error (MSE).

Results

There was a significant interaction (P<0.05) between age
and sex of the animals indicating that live weight of Tswana
goats varied depending on sex and age (Table 1). Body
weight, body length, height at withers, and heart girth
tended to be significantly higher as age increased. In terms
of sex, although, these traits did not differ significantly (P>
0.05), they were generally higher in male than female goats
at the same age (Table 1).

Based on the observed significant interaction between
sex and age, multiple regression analysis with stepwise
method of selecting independent variables was performed
according to age and sex categories (Table 2).

In all the models, the first variable to enter was heart
girth which had the highest partial R2 values ranging from
0.48 to 0.80 in the final models and the largest F values
(Table 2). Thus heart girth contributed most to explaining
variation in live weight and was included in all regression
equations. All models with heart girth alone had high C(p)
and MSE values (Table 2) confirming the inadequacy of
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such models. Generally, inclusion of other independent
variables in the model improved the fit or adequacy of the
models, precision, and the amount of variability explained
by the fitted model R2.

The R2 values increased with each additional indepen-
dent variable included in the model (Table 2). The final
regression models had R2 values ranging from 0.57 to 0.83.
The regression equations with the highest R2 values were

Table 1 Measurement parameters (mean±SE) of 2,783 indigenous Tswana goats from farms in various districts of Botswana, in relation to age
and sex (male and female)

Measurement parameter Age (months)

0–12 13–24 25–36 >37

Male Female Male Female Male Female Male Female

Live weight (kg) 18.8±0.51a 18.0±0.52a 33.8±0.51b 33.2±0.32b 48.8±0.99d 41.1±0.29c 45.5±1.91cd 41.8±0.48c

Body length (cm) 47.9±0.47a 46.9±0.47a 59.2±0.46b 58.5±0.29b 65.6±0.91d 62.8±0.27c 57.7±1.75b 62.1±0.44c

Height at withers (cm) 53.2±0.67a 51.7±0.67a 64.7±0.66bc 63.5±0.42b 71.1±1.29d 65.2±0.38c 64.9±2.49bcd 65.1±0.62c

Heart girth (cm) 59.7±0.48a 58.8±0.48a 75.8±0.47b 75.5±0.30b 86.3±0.93d 80.5±0.27c 82.3±1.78cd 80.6±0.46c

Shoulder width (cm) 11.8±0.26a 11.1±0.27a 13.3±0.26b 13.3±0.17b 16.2±0.51d 14.3±0.15c 18.0±0.99d 14.6±0.25c

Sample size (N)a 278 273 281 699 74 843 20 315

Means within the same row followed by different letters (a–d) are different at P<0.05
a N is the sample size for each sub-class

Table 2 Stepwise multiple regression equations and their assessment criteria for estimating live weight using linear traits of 2,783 indigenous
Tswana goats from farms in various districts of Botswana, in relation to age and sex

Category of Tswana goatsa Fitted stepwise multiple regression equations Model assessment criteria

Partial R2 Model R2 C(p) F value MSE

Male kids 0.37HG−28.44 0.78 0.78 64.44 979.00* 16.65

0.37HG+0.03BL−28.44 0.03 0.81 27.24 36.03* 14.77

0.37HG+0.03BL+0.30HW−28.44 0.01 0.82 5.56 23.55* 13.65

0.37HG+0.03BL+0.30HW+0.05SW−28.44 0.002 0.82 5.00 2.55ns 13.57

Female kids 0.36HG−27.54 0.78 0.78 88.53 941.94* 14.04

0.36HG+0.37HW−27.54 0.03 0.81 36.19 48.37* 11.94

0.36HG+0.37HW+0.47SW−27.54 0.02 0.83 3.03 35.29* 10.59

Male grower 0.46HG−52.60 0.68 0.68 109.79 592.68* 33.29

0.46HG+0.57HW−52.60 0.063 0.74 35.90 67.91* 26.89

0.46HG+0.57HW+0.55SW−52.60 0.024 0.77 8.89 28.51* 24.49

0.46HG+0.57HW+0.55SW+0.13BL−52.60 0.005 0.77 5.00 5.89* 24.06

Female grower 0.77HG−46.38 0.57 0.57 141.93 935.43* 24.20

0.77HG+0.34BL−46.38 0.07 0.64 12.68 129.44* 20.43

0.77HG+0.34BL+0.12SW−46.38 0.01 0.65 3.20 11.50* 20.12

Mature male 0.83HG−50.62 0.80 0.80 8.64 375.88* 41.19

0.83HG+0.40HW−50.62 0.02 0.82 2.49 206.72* 38.21

Mature female 0.58HG−44.10 0.48 0.48 240.80 1062.00* 34.91

0.58HG+0.21BL−44.10 0.05 0.53 108.69 122.89* 31.59

0.58HG+0.21BL+0.38SW−44.10 0.02 0.55 51.84 56.51* 30.15

0.58HG+0.21BL+0.38SW+0.30HW−44.10 0.02 0.57 5.00 48.84* 28.95

ns not significant at P=0.05 level of significance

*P=0.05 (the level of significance where P value was significant)
a Kids, grower, and mature goats are aged 0–12, 13–24, and 25 months and over, respectively
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for female and male kids (0.83 and 0.82, respectively),
mature male goats (R2=0.82) followed by male growers
with R2 of 0.77. The model explaining the least variability
in live weight was for mature female goats with R2=0.57
(Table 2). The final regression models also had different
MSE values ranging from 10.59 for female kids to 38.21
for mature male goats. The Mallows’ C(p) statistics were
similar to the number of parameters in the models (Table 2).

Finally through the collective use of the partial R2,
coefficient of determination, MSE, and Mallows’ C(p)
statistics, the best live weight prediction models were for
male and female kids and mature male goats (Table 2). The
female kids model was Weight ¼ 0:36HGþ 0:37HWþ
0:47SW� 27:54, with R2=0.83, C(p)=3.03 and MSE=
10.59; while for the male kids, it was Weight ¼ 0:37HGþ
0:03BLþ 0:3HW� 28:44, R2=0.82, C(p)=5.56, MSE=
13.65 and, for mature male goats, Weight ¼ 0:83HGþ
0:40HW� 50:62, with R2=0.82, MSE=38.21 and C(p)=
2.49. The next best predictive model was for male growers,
Weight ¼ 0:46HGþ 0:57HWþ 0:55SWþ 0:13BL� 52:6,
MSE=24.06, R2=0.77, and C(p)=5.00. The poor models in
estimating live weight were for female growers Weight ¼
0:77HGþ 0:34BLþ 0:12SW� 46:38; with MSE=20.12,
R2=0.65 and C(p)=3.20 and mature female goats where
Weight ¼ 0:58HGþ 0:21BLþ 0:38SWþ 0:30HW� 44:10,
MSE=28.95, R2=0.57 and C(p)=5.00 (Table 2).

Discussion

The significant increase in body weight and linear traits
with age is consistent with the studies of Owen et al. (1977)
and Katongole et al. (1996) who reported these trends in
Tswana goats. Such trends represent growth and develop-
ment of farm animals as suggested by Butterfield (1988),
where weight and other measurements increase with age.
Management, especially poor disease and parasite control
and poor nutrition during seasons of limited grazing would
also contribute to differences between age groups (Owen et
al. 1977). More than 80% of Tswana sheep and goats is
kept under traditional farming (Botswana Government
1999) characterized by inadequate nutrition for most part
of the year and low veterinary care leading to poor
productivity (Nsoso et al. 2001).

In using body linear measurements to predict body
weight, heart girth entered the model first demonstrating its
close correlation to body weight and importance in
predicting body weight. This is in line with the findings
of Slippers et al. (2000), Fajemilehin and Salako (2008),
Sowande et al. (2010), and Cam et al. (2010) who
concluded that the body weights of goats can be confidently
predicted from heart girth measurements. de Villiers et al.
(2009) developed a regression model to estimate live body

weight using heart girth measurements alone and concluded
that a tape measure can be developed to assist livestock
farmers in managing their goats better. Kunene et al. (2009)
developed prediction equations for estimating body weight
using heart girth and other linear body measurements and
concluded that a table could be constructed for the farmers
to estimate the live weight of their animals. In this study,
although heart girth had high partial R2, models with heart
girth alone had high C(p) and MSE values and hence would
suffer lack of fit in explaining the observed variability.

Inclusion of other independent variables improved the fit
and adequacy of these models. These findings are in
support of Moaeen-ud-Din et al. (2006) who found that
the best multiple regression model for their study included
height at withers, chest girth and body length as indepen-
dent variables. Semakula et al. (2010), Otoikhian et al.
(2008), and Adeyinka and Mohammed (2006b) also
reported an improvement in predicting goat live weight by
including other variables in the model.

The best model for each age group was determined by using
four criteria namely partial R2, coefficient of determination R2,
mean square error, and Mallows’ C(p) statistic. R2 is less
suitable as a single criterion in selecting a regression model
because it can be increased by inclusion of more independent
variables in the model. Through the use of the partial R2, only
variables contributing significantly to explaining variability
are retained in the model. To improve the precision of
predicted values, regression equations with small MSE were
selected (Draper and Smith 1998; Freund and Wilson 2003).
Finally, Mallow’s C(p) statistic which is a measure of the
goodness of fit of a model and a stopping rule in stepwise
regression (Draper and Smith 1998) was used. Applying
these criteria, the best prediction equations were for male and
female kids with R2 of 0.82 and 0.83, respectively. The model
for mature male goats had a high R2 and a high MSE, thus
the model should be used with caution. The model for mature
female goats was the poorest with R2 of 0.57. This poor
prediction could be partially explained by the omission of
other important variables which may affect body weight such
as pregnancy status and body condition score (Serin et al.
2010). Silva et al. (2006) and Tiexeira et al. (2008) used the
same four criteria above and found best models to predict
sheep and goat carcass composition, respectively. Tiexeira
et al. (2008) found that body weight was the first variable
admitted into prediction models of muscle, mesenteric fat,
and total body fat and accounted for 82%, 67%, and 79% of
the variation in tissue weights, respectively.

Conclusion

Linear body measurements such as heart girth, body length,
height at withers, and shoulder width were valuable
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independent variables in predicting live weight for indige-
nous Tswana goats. The best body weight prediction
models were for male and female kids which had high R2

values (0.82–0.83). The variables which contributed signif-
icantly were heart girth, height at withers, and shoulder
width for females and heart girth, height at withers, and
body length for male kids. These models had a good fit (C
(p) ranging from 3.03 to 5.05) and high precision of the
estimates as shown by low MSE (10.59–13.65). Though the
mature male goats model had a high R2 (0.82), it had a high
MSE (38.21). Finally, the model for estimating live weight
in mature female goats was poor with a low R2 (0.57).
Multiple regression analysis provided the most precise
estimates for live weights of the kids irrespective of sex
compared to predictions for other age and sex categories
while live weight estimates for mature male goats were the
least precise. More research is required to use the multiple
regression equations to develop a tape measure or table to
assist farmers in managing their goats better.
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