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Introduction: In many countries of the world, the camel has played an important role in the lives of people in
arid and semi-arid regions in terms of providing milk and meat products. Based on phenotypic characteristics, the
camel has been adapted to the deserts from physiological, anatomical, and behavioral points of view. Due to
limited water resources, the south Khorasan province of Iran has not been an appropriate geographical region for
a great number of agricultural products. Weighing plays an important role in the management of camel breeding
to adjust the nutritional needs and also the annual evaluation of the animals. One of the main challenges of camel
breeding is the difficulty of recording and the lack of records due to the wild nature and also the large size,
especially in adults. Due to the many difficulties and risks, camel breeders usually use various potential alternative
tools such as apparent estimation or weighing tape to estimate the weight of camels at different ages. For farm
animals, significant correlations between body measurements and body weight can be used as a tool to estimate
the weight of animals through a mathematical equation. The main objective of this study was to compare the
accuracy of artificial neural network (ANN) and multiple linear regression model (MLR) in estimating the body
weight of a humped camel.

Materials and methods: In the present study, the data of a total number of 177 one-humped camels in four groups
(including 1. 63 adult female Pakistani camels aged between 9 and 12 years, 2. 21 adult female Baluchi camels
aged between 9 and 12 years, 3. 93 male and female camels less than 2 years of age of Pakistani and Baluchi
breeds, and 4. total camels) collected at the South Khorasan camel breeding station in 2019 were used.
Morphological characteristics of camels include: neck length, neck girth, hand length, foot length, shoulder height
to the ground, hump height to the ground, hip height to the ground, chest girth, chest width, abdomen girth, hip
width, tail length, breast height, and breast girth were measured. After measuring the body dimensions, the
evaluated camels were weighed using a 1000 kg digital scale. To estimate the weight of camels from their body
dimensions, the data were analyzed using the MLR model and ANN with the nnet package in R software. For
ANN analysis, 80% of the data were considered for network training and 20% for testing. The accuracy of MLR
and ANN for camel body weight estimation was compared using the coefficient of determination (R?), root mean
square error (RMSE), mean absolute error (MAE), and mean absolute percentage error (MAPE).

Results and discussion: The results of the MLR model showed that body dimensions of shoulder height to the
ground, chest girth, abdominal girth, neck girth, and hand length had a significant effect on body weight (P<0.05).
In the ANN model, chest girth, abdominal girth, and shoulder height to the ground were the most important
variables in estimating the body weight of camels of the whole population. The MLR and ANN models had
acceptable accuracy in weight estimation. However, compared to the MLR model, the ANN model had a higher
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R?and a lower error in estimating the weight of camels. In the first group, R* and RMSE were found to be 0.996
and 6.852, respectively, for ANN while the corresponding values were 0.979 and 22.955, respectively, for MLR.
In the second group, R? and RMSE were found to be 0.995 and 3.525, respectively, for ANN while the
corresponding values were 0.989 and 5.377, respectively, for MLR. In the third group, R? and RMSE were found
to be 0.896 and 13.959, respectively, for ANN while the corresponding values were 0.849 and 17.549,
respectively, for MLR. In the fourth group, R? and RMSE were found to be 0.929 and 20.248, respectively, for
ANN while the corresponding values were 0.903 and 38.505, respectively, for MLR. The results showed that
ANN is more accurate compared to MLR in predicting the body weight of camels.

Conclusions: In terms of goodness of fit (including R2 and RMSE), the results of the present research suggest
that both MLR and ANN methods have high acceptable accuracy for predicting body weight in camels. ANN was
more suitable compared to MLR, suggesting that it could be used to predict camel body weight. Furthermore,
grouping the camels by age and breed could also lead to higher precision and lower prediction error.
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Table 1. Average body weight and body dimensions of camels”

Groups

Body dimensions Adult fema}e Less than two Adult female Baluchi

Pakistani years
Body weight (kg) 5153+71.9 135.4 +£36.3 478.7+102.1
Neck length (cm) 89.2+8.5 71.5+11.1 91.9+12.3
Neck girth (cm) 75.4+56 62.1+8.6 77.5+7.8
Hand length (cm) 150.4 +12.7 122.3+11.2 139+9.1
Foot length (cm) 156.8 +10.4 127.9+12.8 138.5+9.4
Shoulder height (cm) 183.4+12.5 133.3+10.8 1743+ 11.8
Hump height (cm) 208.8 +11.7 147.8+9.2 197.4+12.7
Hip height (cm) 1793+ 11.8 130.8£11.3 169.7+11.7
Chest girth (cm) 209.6 £ 8.7 151.8+15.9 213.9+21.3
Chest width (cm) 432 +6.1 332+46 40.9+4.38
Abdominal girth (cm) 251.9+19.6 177.8£19.9 238.9+21.3
Hip width (cm) 393+34 129.9+3.9 41.9+43
Tail length (cm) 51.2 £42 40.2+3.5 503+29
Udder height (cm) 22.9+4.1 135.4+36.3 36.2+43
Udder girth (cm) 65.9+12.1 71.5+11.1 522+15

* Data are presented as mean =+ standard deviation
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Table 2. Stepwise multiple regression models for camel weight estimation

Groups Models

Adult female Baluchi camels Weight=-0.031- 0.199*Neck length-0.347* Neck girth-0.193* Hand length
+ 0.59*Shoulder heigh+0.08* Hump height-0.223* Hip height+0.397*
Chest girth+0.162* Hip width-0.02* Tail length+0.27* Udder height+0.19*
udder girth

Adult female Pakistani Weight=-0.397+-0.02* Hand length+0.62* Shoulder height+0.37* Chest
girth+0.51* Abdominal girth

Camels less than two years old Weight=-0.058+0.036* Hand length+0.1* Neck length+0.124* Neck
girth+0.241* Chest girth+0.1* Chest width+0.17* Abdominal girth

All camels evaluated Weight=-0.123-0.088* Hand length-0.06* Neck girth+0. 47* Shoulder
height+0.44* Chest girth+0.46* Abdominal girth
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Fig. 1. Importance of variables in the neural network model for the body weight of adult female Baluchi camels.
1. Neck length, 2. Tail length, 3. Hump height, 4. Hip height, 5. Hand length, 6. Hip width, 7. Chest width, 8.
Neck girth, 9. Udder girth, 10. Foot length, 11. Udder height, 12. Shoulder height, 13. Abdominal girth, 14.
Chest girth
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Fig. 2. Importance of variables in the neural network model for the body weight of adult female Pakistani
camels. 1. Udder height, 2. Neck girth, 3. Foot length, 4. Hip width, 5. Neck length, 6. Udder girth, 7. Hip
height, 8. Chest width, 9. Hand length, 10. Hump height, 11. Chest girth, 12. Tail length, 13. Abdominal girth,
14. Shoulder height
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Fig. 3. Importance of variables in the neural network model for the body weight of less than two years old
camels (Baluchi and Pakistani breeds). 1. Tail length, 2. Neck girth, 3. Abdominal girth, 4. Chest width, 5. Chest
girth, 6. Neck length, 7. Foot length, 8. Hand length, 9. Hip width
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Table 3. Comparison of the accuracy and efficiency of artificial neural network model and regression model
in estimating camel body weight

Group Model R RMSE MAE MAPE
. ANN 0.996 6.852 5.981 1271
Baluchi adult fomale MLR 0.979 22.955 18.917 4328
. ANN 0.995 3.525 2.626 0.526
Pakistani adult female MLR 0.989 5377 4.355 0.844
Less than 2 vears ANN 0.896 13.959 10.518 14.022
y MLR 0.849 17.549 13.320 18.094

Al camel ANN 0.929 20.248 16.704 22.764
camets MLR 0.903 38.505 29.051 30.714

ANN: Artificial neural network; MLR: Multiple linear regression; RMSE: Root mean square error; MAE: Mean absolute
error; MAPE: Mean absolute percentage error
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Fig. 4. Importance of variables in the neural network model for the body weight of less than two years old
camels (Baluchi and Pakistani breeds). 1. Hump height h, 2. Chest width, 3. Hand length, 4. Foot length, 5.
Neck length, 6. Hip width, 7. Hip height, 8. Tail length, 9. Neck girth, 10. Shoulder height, 11. Chest girth, 12.
Abdominal girth
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