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Abstract: The study aimed to compare the performance of multiple adaptive
regression splines and classification regression trees for the prediction of the body
weight of Bapedi sheep. A total of 100 Bapedi sheep aged between one and five years
old of different sexes were employed. The study measured the following: Body
Length (BL), Withers Height (WH), Heart Girth (HG), Rump Height (RH), Body
Weight (BW) and Sternum Height (SH). The model's performances were evaluated
using goodness of fit criteria while the association between body measures and BW
was discovered using a correlation matrix. Multivariate Adaptive Regression Splines
(MARS) and Classification and Regression Tree (CART) established the model for
the prediction of BW. The findings indicated that CART performed well. Correlation
matrix results indicated that BW had positive statistical significance (p<0.05) with
SH (r = 0.53) and BL (0.47) and a statistically significant relationship (p<0.01) with
HG (r=10.89), WH (r=0.74) and RH (r =0.64). CART model indicated that HG, BL,
and BL could be used to predict BW while MARS indicated that HG, the interaction
of AGE and HG, and the interaction of AGE, BL, and HG play a role in the prediction
of BW. The CART model appears to be the most effective model for predicting BW
based on goodness of fit results. The correlation results imply that HG can be applied
to enhance the BW of Bapedi sheep. CART and MARS model results suggest that
HG and the interaction of AGE and HG are the best explanatory variables of BW.
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Introduction

Sheep a small ruminant that has served a variety of
functions in most civilizations and in rural development
(Celik et al., 2017). The Bapedi sheep is one of the
Indigenous breeds found in South Africa and originated
from the hot temperatures that receive low moderate
rainfall known as Limpopo province (Maghashu et al.,
2020). This breed does not require a lot from farmers due
to its adaptability to harsh environmental conditions and
ability to survive on lack of good quality feed and
tolerance to diseases (Kunene et al., 2014). Bapedi sheep
are smaller fat-tailed sheep with white, brown, and red
colors and are known to be kept for meat at a rural level
(Duncanson, 2012). Bapedi sheep play an important role
in the livelihoods of smallholder farmers since they fight
poverty and food insecurity. (Ngcobo et al., 2022).
However, the breed has been forsaken and turned to face
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the risk of extinction (Maghashu et al., 2020). Therefore,
the phenotypic characterization of sheep (Ndiaye et al.,
2019) and the development of a breeding program
(Kebede and Usman, 2023) can enhance and sustain
the production of livestock. However, in phenotypic
characterization and breeding programs, it is important to
know the association between body weight and the connected
traits since are correlated genetically (Celik et al., 2017).
Understanding about body weight of sheep can assist in
knowing the performance of the animal, making proper feeding
and selecting the best animals for breeding (Abbas et al., 2021).
However, at a rural level, farmers are unable to estimate the
BW of animals since there are no scales (Mahmud et al.,
2014). Body weight has been predicted from body
measurements through multiple regression (Birteeb and
Ozoje, 2012), stepwise regression (Kumar et al., 2018), and
simple regression (Ahmed et al., 2017). This regression model
does not give a precise estimation of body weight due to the
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multicollinearity problem that occurs when there is a high
correlation among the body measurements (explanatory
variables) (Igbal et al., 2023). According to
Vézquez-Martinez et al. (2023), these algorithms (MARS
and CART) are not affected by multicollinearity problems
and can provide one with accurate estimations.
According to our knowledge, there is limited
information on the prediction of BW from some
morphometric traits of Bapedi sheep using CART and
MARS. Thus, the study’s goal is to (1) Determine the
association between body measurements of Bapedi sheep
and body weight. (2) Establish a model to utilize for the
prediction of body weight from some body measurements
using CART and MARS. This study will come up with a
trait that can be used to select animals for breeding and
prediction of body weight in the absence of scales.

Materials and Methods
Study Area

The study was carried out at Lepel Lane farm found at
Ga-Nkwana village, under Fetakgomo local municipality.
Ga-Nkwana settlement (24° 24' 22" S 29° 47' 17" E) is
marked by semi-arid climates with very unpredictable
precipitation patterns and the village receives a typical
yearly precipitation amount of 551 mm, with a highest
monthly rainfall of 267 mm in the summer months of
December/January/February. The average highest daylight
temperature is 32°C in January, with the mean minimum
temperature being 6°C in July (Radingoana et al., 2019).
Sekhukhune districts consist of four vegetation types viz:
Plains bushveld, mountain bushveld, montane grassland,
and summit sourveld (Moela, 2014).

Experimental Animal and Management

Animals of different sexes aged between one and five
years old were used in the study. The animals were
released in the morning for grazing and were recalled
later into the kraals where they were provided with
water. The animals were regularly inspected and dipped
for external parasites. Sick and pregnant animals were
excluded from the study.

Sampling Procedure

A census research approach was used in this study.
This approach involved gathering data from each member
of the statistical population. Therefore, a total of 100
Bapedi sheep were sampled from Lepel Lane farm.

Data Collection

The live body weights of Bapedi sheep were
determined using a digital scale calibrated in kilograms
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while morphometric traits were measured through
tailor measuring tape following the procedure of FAO
(2012). During the measurements, the animals were
restrained in a standing still manner where all four legs
were straight on the ground. The measurements were
taken by one person to avoid individual variation. The
sex of the animals was determined visually while age
was determined through the dental chart.

Statistical Analysis

Analysis was run by R studio software. Objective one
was achieved through a correlation matrix while (CART)
and MARS were used to achieve objective two. Goodness
of fit was used to check the performance accuracy of the
model used. The predictive performance of the models
was tested following the procedure of Celik (2019).

Results

Figure 1 demonstrates the correlation between body
weight of body measurement
characteristics. The results showed a correlation
(p<0.01) between BW and HG (0.89), WH (0.74), RH
(0.64), and a mid-correlation (p<0.05) with SH (0.53)
and BL (0.47). The findings also showed body
measurements used in the study had a mid-significant
(p<0.5) and high-significant correlation (p<0.01)
among them.

Table 1 shows the findings of the MARS model. The
first term of the model was the intercept. The model
showed an intercept of 27.72, while the second term and
first basic function was HG with a cut point of <66 cm and
a -0.80-regression coefficient. The second period and the
second fundamental role was HG with a cut point of
>66 cm with a regression coefficient of 1.03. The second
term and the third and fourth basic functions were the
interaction of AGE3* h (HG>66 cm) and AGE3*BL* h
(HG>66 cm) with regression coefficients affecting the
model positively and negatively with values of 5.81
and -0.08, respectively.

and a number

Table 1: MARS model

Basic Functions (BF) Coefficients
Intercept 27.72
h (66-HG) BF1 -0.80
h (HG-66) BF2 1.03
AGE3* h (HG-66) BF3 5.81
AGE3* BL* h (HG-66) BF4 -0.08

HG: Heart Girth; BL: Body Length
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Figure 2 shows a tree diagram obtained from the
CART model. The root node of the tree diagram had a
typical BW of 36 kg indicating 100% among the flock.
Using HG and 73 cm, the two subgroups were formed out
of the base node. Within the initial subgroup, if HG is less
than 73 cm, the average BW was determined to be 29 kg,
accounting for 44% of the flock; if HG is greater than
73 cm, the typical BW was 42 kg, accounting for 56% of
the flock. By using HG, the tree was split into two
subgroups of 69 and 81 cm. The average BW was 29 kg,
or 19% of the flock, where the HG was less than 69 cm,
and 32 kg, or 25% of the flock, more than 67 cm separated
the HG. When the HG was less than 81 cm, the average
BW was 40 kg, while the average BW was 50 kg when
the HG was greater than 81 cm. The tree was divided into
two subgroups via BL with 52 and SH 50 cm. Where
52<BL>52 the average BW was 20 and 26 kg representing
6 and 14% of the flock, respectively. When 5S0<SH>50 cm

the average BW was 45 kg and 54 kg representing 7%
and 8% of the flock, respectively. The tree diagram had
6 terminal nodes.

Table 2 shows the predictive performance of the
CART and mart model. From both the CART and MARS
model it was shown that the values from the train set
outperformed values from the test set. When CART and
MARS outcomes were compared during training, they
were nearly identical. The results indicated that the best
model was CART and was obtained from the training data
set. The training data set of the CART model had the
highest coefficients of determination (0.87), adjusted
coefficient of determination (0.87) and Pearson
correlation (0.93) and lowest Akaike information criteria
(170.28), Root mean square error (3.26) and relative
approximate error (0.01).

RH
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Fig. 1: Heat map displaying an association between body weight and morphometric traits of Bapedi Sheep. Heat map color distribution
that represents the magnitude and direction of the association between the dependent and independent variables. Where: Red
color means high correlation (p<0.01), white color means mid-correlation (p<0.05), and blue color means low correlation with

negative direction
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Fig. 2: Regression decision tree diagram for body weight in Bapedi sheep using the CART algorithm

Table 2: The goodness of fit criteria results

CART MARS

Criterion Train Test Train Test

Root Mean

Square Error

(RMSE) 003.26 533 3.97 11.14
Relative Root

Mean Square

Error 'RMSE) 008.98 14.64 10.92 11.14
Standard

Deviation Ratio

(SDr) 000.36 0.59 0.44 0.46
Coefficient of

Variation (CV) 009.04 13.70 10.99 10.63
Pearson

Correlation

(PC) 000.93 0.83 0.90 0.89
Relative

Approximate

Error (RAE) 000.01 0.02 0.01 0.01
Mean Relative
Approximate
Error (MRAE)
Mean Absolute
Percentage Error
(MAPE) 006.27 13.38 7.43 7.39
Mean Absolute

Deviation (MAD) 002.32 4.15 2.80 2.90
Coefficient of

Determination (Rsq)  000.87 0.59 0.81 0.76
Adjusted Coefficient

of Determination

(AdjRsq) 000.87 0.59 0.80 0.73
Akaike Information

Criterion (AIC) 170.28 93.67 204.41 84.40

000.10 0.03 0.01 0.02

Discussion

The use of data mining algorithms can help
researchers guide farmers to determine which

characteristics to use in order to forecast the weight of
their sheep in case there is no scale, to track the growth of
their animals, and run proper animal management
(Vazquez-Martinez et al., 2023). The objective of the
study was to check the association between morphometric
traits using a correlation matrix. Results indicated that
withers height, heart girth, and rump height were
statistically connected with body weight, while on the
other hand, it had a statistical correlation with body length
and sternum height. Results were in accordance with the
findings of Ali Rather et al. (2020) who discovered a
statistically significant relationship between Kashmir
merino sheep’s body length and weight. The current
study results were in agreement with the findings of
Kumar et al. (2018); Sam et al. (2023), who discovered
an extremely substantial statistical relationship
between the withers height, heart girth, and body
weight of West African dwarf sheep and Harnail sheep.
However, Saeed et al. (2023), reported a non-
significant correlation between body weight and all the
studied traits of interest in Holstein heifer. Variation in
species could contribute to the difference, in
parameters that were studied.

Therefore, a body weight prediction model using
morphological features was established by the study using
the MARS and CART algorithms. Multivariate adaptive
regression splines revealed that heart girth, interaction of
age and heart girth, and interaction of age, body length,
and heart girth can be used to predict the body weight of
Bapedi sheep. The findings indicate that the interaction of
age (3 years) and heart girth greater than sixty-six
centimeters were the best indicators of body mass. As



Madumetja Cyril Mathapo et al. / American Journal of Animal and Veterinary Sciences 2024, 19 (3): 226.232

DOI: 10.3844/ajavsp.2024.226.232

per the findings of Faraz ef al. (2021), age five was the
most effective explanatory factor in Thalli sheep. Similarly,
Rashijane ef al. (2023) reported heart girth greater than a
hundred centimeters in savanna goats as the greatest
predictor of body weight. Variations in these results may
be caused by the various species used and the surrounding
circumstances. Cart model findings indicate that heart
girth, body length, and sternum height are suitable traits
for the estimation of the body weight of Bapedi in the
absence of a weighing scale. The results showed that the
greatest explanatory variable for body weight prediction
is heart girth. Tirink ef al. (2023), reported similar results
where the classification and regression tree model showed
heart girth as the greatest predictor of body weight in
rams. Olfaz et al. (2019), however, presented data from
the current investigation that were different, where varied
conclusions from the present investigation, wherein the
CART model showed that birth type was the explanatory
factor for the prediction of Karayaka sheep.

The results of Oyebanjo et al. (2023) where CART
was used to predict the body weight of two goat breeds
were consistent in the estimation of the weight of Red
Sokoto and in contrast in the prediction of Sahel where
body length was the best predictor of body weight. The
study further looked at the performance of the CART and
MARS models using goodness of fit criteria. The findings
on the performance of the models indicate that the CART
model performed well, where it showed greater
determination coefficient and adjusted determination
coefficient, Pearson correlation, lower standard ratio,
relative approximate error, mean relative approximate
error, and root mean square error. Tirink et al. (2023),
reported similar results where the CART model was found
as the most accurate model for Romane sheep breed body
weight estimation. Celik (2019) reported different
results where MARS was found to be the best predictor
of the body weight of Pakistan goats. Celik et al. (2017)
results were in accordance with the results of the study,
where the CART model performed the best when
estimating Pakistan Mangali ram's body weight.
However, Hlokoe et al. (2022), reported that MARS
was found to be the most accurate model for estimating
the body weight of Nguni cows from the University of
Limpopo. The difference might be the variation of
species used and the geographic area.

Conclusion

The study concludes that there Bapedi sheep body
dimensions (sternum height, body length, withers height,
rump height, and heart girth) and body weight have a
statistically significant positive relationship. The best
variable to explain the body weight of Bapedi sheep is
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heart girth. Classification and regression tree indicates
that heart girth plays a crucial role in the prediction of
body weight of Bapedi sheep while Multivariate adaptive
regression splines indicate that interaction of age (3 years)
and heart girth greater than sixty-six centimeters plays a
role in the body weight. The study further concluded that
the classification and regression model performed well in
coming up with the traits that can be employed to predict
the Bapedi sheep’s body weight. This information can help
farmers at a rural level to select their sheep for breeding.
The information will further be used to develop a weighing
belt that can be used by the farmers in the absence of
weighing scales to estimate the weight of their sheep.
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