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ABSTRACT - The objective of this study was to evaluate the accuracy of the following 

six body weight (BW) estimation methods in Campolina (CAM) horses: A - weight tape 

placed at three different positions on the animal’s thorax; B - Crevat and Quetelet’s formula; C - Hall’s formula; D - Hintz and Griffiths’s table; E - Santos’s table; and 
F - Cintra’s formula. A total of 380 CAM horses were separated according to sex,  

age class, and gestational stage and evaluated. To determine their accuracy, weights 

measured on a scale and weight estimates of the six methods were compared by paired t-test, mean prediction error (MPE), and coefficient of determination (R²), using R 
software. The predictive capacity of method F was lower in the 6-12 months age class, 

so this formula is not indicated. The BW was overestimated compared with the actual 

weight by methods A (with weight tape placed in position 3) and B and underestimated by method C. Methods D and E accurately estimated BW of CAM horses. Correction 
factors are required to accurately estimate BW in this breed using methods B and C. 

Method A with the weight tape placed in position 2 is the most accurate for predicting 

BW, including pregnant female horses, and can, therefore, be considered the most 

suitable method for estimating BW of CAM horses.
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1. Introduction

The Campolina breed (CAM) stands out in the national equine market in functional sports and service 

activities, such as exhibitions, endurance, and daily activities of rural properties. These animals are 

valued for being docile and resistant, with strong and vigorous body constitution, and for having a 

comfortable gait for the rider called “marcha”, making it attractive for leisure (Lucena et al., 2016).

Nutritional status assessment is used in horse breeding to manage the herd. Body condition score and 

body weight (BW) are used to assess the nutritional status of animals. Body weight is one of the main 

parameters used in several daily management activities, including diet formulation, assessment of 

nutritional programs, optimization of training, and determination of drug dosages (Lewis, 2000). It is estimated that horses acquire 65% of adult BW in the first year of life (NRC, 2007). According to Garcia 
et al. (2011), horses have 10% of their adult weight at birth, and reach 45% at six months of age and 

65% at 12 months. These values show the sigmoidal nature of horse growth curves, as reported in the Mangalarga Marchador breed by Souza et al. (2017a), Ribeiro et al. (2018), and Souza et al. (2019).

1 Universidade Federal de Lavras, Programa de Pós-Graduação em Zootecnia, Lavras, MG, 
Brasil. 

2 Universidade Federal de Lavras, Programa de Pós-Graduação em Estatística e Experimentação Agropecuária, Lavras, MG, Brasil.
3 Universidade Federal de Lavras, Departamento de Estatística, Lavras, MG, Brasil. 
4 Universidade de São Paulo, Escola Superior de Agricultura “Luiz de Queiroz”, Piracicaba, 

SP, Brasil. 
5 Universidade Federal de Lavras, Departamento de Zootecnia, Lavras, MG, Brasil.

*Corresponding author:  felipeuflazootecnia@yahoo.com
Received: March 18, 2020
Accepted: June 12, 2021

How to cite: Souza, F. A. C.; Teixeira, G. L.; Fernandes, T. J.; Muniz, F. R.; Cunha, F. O.; Meirelles, S. L. C.; Muniz, J. A. and Moura, R. 
S. 2021. Practical procedures to body weight 
estimation and correction factors applied to Campolina horses. Revista Brasileira de Zootecnia 50:e20200047. https://doi.org/10.37496/rbz5020200047
Copyright: This is an open access article
distributed under the terms of the
Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution,
and reproduction in any medium, provided the
original work is properly cited.



R. Bras. Zootec., 50:e20200047, 2021

Practical procedures to body weight estimation and correction factors applied to Campolina horses

Souza et al.
2

There are several methods to estimate BW in horses. Using a weighing scale is the most accurate 

method to determine BW; however, the high implementation costs became impractical in the reality 

of rural properties. Alternative methods such as weight tapes, tables, and mathematical formulas are more practical, cheaper, and more accurate for a qualitative overview of the animal (Ellis and Holands, 
2002; Wagner et al., 2009; Hoffmann et al., 2013). 

The theoretical principle of these alternative methods for assessing BW consists of estimating the 

volume of the animal, using formulas that correlate body measurements that are highly correlated with 

BW (Milner and Helwitt, 1969). In this way, weighing tapes are built based on mathematical equations 

that consider these body measurements, mainly chest circumference and body length (Carroll and Huntington, 1988; Ellis and Hollands, 2002). 
However, it is worth mentioning that, generally, weighing tapes used in horses are most often developed 

by private companies, and information about the details of their manufacture, how they were designed, 

and for which breeds and age groups of the animals they were developed are not available in the scientific literature, as already verified in other studies that tested commercial tapes (Ellis and Holand, 1998; Ellis and Holand, 2002; Wagner and Tyler, 2011; Souza et al., 2017b). In addition, many breeders 
and professionals have doubts about the best position for the tape and if it interferes with the reliability of this method. According to Hintz (2002) and García Neder et al. (2009), the efficiency of BW estimation 
methods is also affected by animal characteristics (sex, age, gestational stage, and breed) and external 

variables (feed availability, health status, and environmental conditions). Several studies, such as that of Souza et al. (2017b), were conducted to determine the accuracy of these 
methods, which showed that the weight tape positioned behind the withers and behind the elbow was the most efficient method to estimate the real BW of Brazilian Mangalarga Marchador horses in 
different age classes and gestational stages. The authors also observed that mathematical formulas should only be used to estimate BW when adjusted with specific correction factors according to sex 
and gestational stage. Therefore, studies are needed to determine the accuracy of estimation methods 

described in the literature at various ages and in different environmental conditions. 

The present study aimed to evaluate and compare the accuracy of six methods to estimate BW in young 

(male and female) and adult (males, non-pregnant females, pregnant females) Campolina horses.

2. Material and Methods

Data used in this study were collected in the second half of 2012 during the National Campolina Horse Show (Belo Horizonte, MG, Brazil), after the approval of the Research Ethics Committee, under 
protocol 039/12. We evaluated a sample of 380 horses divided by sex (males, non-pregnant females, 

and pregnant females), age class (6 to 12 months, 12 to 24 months, 24 to 36 months, 36 to 60 months, and more than 60 months of age), and gestational stage (up to five months of gestation, 6-8 months, 
and 9-11 months) (Table 1).

First, animals were weighed on a scale (Filizola®, Model 3000 kg, precision of 1,000 g) that was 

previously calibrated and installed in the premises of the exhibition area. Then, BW of the animals  

was estimated using the following alternative methods described in the literature:A - Commercial measuring tape for weighing horses (Sertão Agroveterinária®), composed of resistant 

plastic canvas, approximately 2.3 m long, placed in three different positions on the thorax of the animal, as described by Souza et al. (2017b). Position 1: tape positioned immediately after the 
elbow and over the withers; position 2: tape positioned immediately after the elbow and after the 

withers; position 3: tape positioned behind the withers at the perpendicular height of the ninth rib.

B - Crevat and Quetelet’s mathematical formula (Cintra, 2013): 

BW (kg) = TP³ × 80, in which TP³ = thoracic perimeter in cubic meters.

The measuring tape was placed on the thorax behind the withers at the perpendicular height of the 

ninth rib after respiratory expiration.
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C - Mathematical formula proposed by Hall (1971) and modified by Carrol and Huntington (1988): BW (kg) = [(TP² × BL)/11900], in which TP² = thoracic perimeter in square centimeters, with the 
measuring tape positioned on the thorax immediately after the elbow and over the withers after 

respiratory expiration; and BL = body length in centimeters measured with a measuring stick 

positioned at the tip of the shoulder and at the tip of the buttock.D - Table proposed by Hintz and Griffiths (1984). This is the only method that considers a correction 
factor for pregnant female horses. If the animal is a pregnant female, the weight obtained in this 

table is multiplied by 1.02 (eight months pregnant), 1.06 (nine months pregnant), 1.11 (10 months pregnant), or 1.17 (11 months pregnant).E - Table proposed by Santos et al. (2008) that was developed for Brazilian Pantaneira horses.F - Mathematical formula proposed by Cintra (2013) that is specific for weaned foals up to 12 months 
of age:BW (kg) = (TP − 25)/0.7, in which TP = thoracic perimeter in centimeters with the measuring 
tape positioned on the thorax immediately after the elbow and over the withers after  

respiratory expiration.

Body condition score (BCS) was evaluated on a scale from 0 (cachectic) to 5 (very obese) according 

to the methodology proposed by Carrol and Huntington (1988). To characterize the conformation of 

the studied animals, the height at the withers, body length, cannon perimeter, and TP were measured 

according to the methodology cited by Cabral et al. (2004a). With these measures, body (BI) and 

dactylo-thoracic (DTI) indices were determined to classify the animals according to their functional fitness (Cabral et al., 2004b) (Table 1). All the statistical analyses were performed using the statistical software R (version 3.4.3; R Core Team, 2017). Sex and age factors were considered as fixed effects. Normality of the data was tested  by Shapiro-Wilk test in each age class, sex, and gestational stage at 5% significance level.
The mean BW estimated by the different alternative methods were compared with the real BW 

(determined using the weighing scale) using the paired t-test parametric method, which is applied to 

determine if two dependent samples were selected from populations that have the same distribution. 

The null hypothesis is that the means (real and estimated) are equal. If the null hypothesis is rejected, this test shows that the samples differ from each other, assuming a significance level of 5%, in other 

Table 1 - General characterization of the Campolina sample studied

Sex Age (months) n BCS WH (cm) BL (cm) TP (cm) CP (cm) DTI BI

Males 6 to 12 19 3.0±0.0 134.4±5.7 129.7±5.6 152.3±6.1 17.1±1.0 11.2±0.4 85.2±2.6

>12 to 24 24 3.0±0.2 149.2±8.3 147.4±7.0 172.9±7.6 19.0±0.8 11.0±0.4 85.2±3.1

>24 to 36 9 3.3±0.5 156.1±2.9 156.1±3.3 185.0±6.1 19.8±0.5 10.7±0.4 84.4±2.7
>36 to 60 28 3.1±0.3 159.7±3.1 157.6±5.2 186.3±5.8 19.9±0.8 10.7±0.3 84.6±2.9

>60 34 3.2±0.4 158.9±5.1 160.8±5.8 189.6±5.4 20.2±0.8 10.6±0.3 84.8±2.9

Non-pregnant females 6 to 12 33 2.9±0.1 135.8±5.3 130.4±7.2 154.0±6.7 16.9±1.0 11.0±0.5 84.7±3.6
>12 to 24 63 3.2±0.4 148.8±4.9 148.5±7.0 175.8±8.2 18.4±0.8 10.5±0.4 84.4±2.7
>24 to 36 34 3.5±0.5 153.2±4.5 154.9±6.1 186.9±8.1 19.1±0.7 10.2±0.4 82.9±2.8

>36 to 60 42 3.6±0.5 158.6±4.3 160.3±6.7 193.6±7.4 19.4±0.7 10.0±0.4 82.8±3.1

>60 58 3.5±0.6 159.1±4.5 161.6±6.1 196.3±7.8 19.8±0.8 10.1±0.5 82.4±3.3

 Gestation stage

Pregnant females >5 months 4 3.5±0.4 161.0±2.5 161.0±4.5 201.5±13.4 19.5±0.6 9.7±0.6 80.1±5.2

6 to 8 months 20 3.4±0.4 157.1±5.1 161.1±4.5 199.9±5.4 19.4±0.7 9.7±0.3 80.6±1.8

9 to 11 months 12 3.3±0.6 158.0±3.6 161.3±6.4 202.8±6.6 19.1±0.6 9.4±0.4 79.5±3.1
n - number of animals; BCS - body condition score, scale from 0 to 5 (Carrol and Huntington, 1988); WH - withers height; BL - body length; 
TP - thoracic perimeter; CP - cannon perimeter; DTI - dactylo-thoracic index; BI - body index.
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words, that there are significant differences between the real and the estimated BW. The test statistic 
is given by equation 1:

T =
D – μ

d

Sd/√n
                                                                                  (1)

in which D represents mean difference of pairs for sample, 𝜇
d
 is the mean difference of pairs for population, and 𝑆𝑑 is standard deviation of difference of pairs for sample, following a Student’s

t-distribution with n – 1 degrees of freedom. By hypothesis (samples from the same population), the 

mean population difference of deviations (μ
d
) is zero. The difference between the value observed on the scale and the value estimated by each method for all animals grouped in each of the five age classes  

was calculated, in which D is the mean and Sd is the standard deviation of these differences.The mean prediction error (MPE), equation 2, was also used:
MPE = 100

BW
r

BW
r
 – BW

e                                                                    (2)

in which BW
r
 is the real BW and BW

e
 the estimated BW (Sallum Neto et al., 2013). The MPE was 

obtained through the means of the deviations between the actual weight and the weight estimated 

by the alternative methods, in which negative values indicate overestimation of the actual weight and positive values, its underestimation; the closer to zero, the better is the MPE value of the method. The coefficient of determination (R²) was used and calculated as the square of the simple linear correlation coefficient between the estimated and observed values; the closer to 1, the better.
Whenever the null hypothesis was not rejected, the means between the estimating methods and the real weights were similar, according to the paired t test. Then, the MPE and the R2 were used as a complement to select the most reliable method to estimate BW in each subgroup studied. On the other 
hand, if the null hypothesis was rejected, then the estimated means were different from those observed, according to the paired t test at 5% significance level, and the method is not considered a good one.Specific correction factors were also determined for methods B and C in this breed, according to the methodology proposed by Souza et al. (2017b). For method B, the correction factor was calculated by 
dividing the real BW by the BW estimated by this method and then multiplying by the constant (80) 

of method B. For method C, the correction factor was calculated by dividing the real BW by the BW 

estimated by this method and then dividing the constant (11,900) of method C by the obtained value.

3. Results The BI of males and non-pregnant females (BI<85) classified the animals as small in stature (Table 1). 
Considering DTI, the animals of both sexes were hypometric, small, and slim (DTI<10.5) as they approached 

adulthood. Body index values <85 and DTI<10.5 in pregnant female horses decreased as gestation progressed, and animals of this breed were, therefore, classified as small in stature and hypometric.Normality was verified by the Shapiro-Wilk test for all data (P>0.05). The BW estimated using the 
weight tape differed from the real weight shown on the scale (P<0.05) when the tape was at position 3 

in males and at positions 1 and 3 in females (Table 2 and Figure 1). Within the age classes, the real and 

estimated BW were similar when the tape was at positions 1 and 2 (P>0.05), except for males aged 36 

to 60 months and females over 36 months. The BW estimated with the tape at position 3 differed from 

the scale weights in all age classes for both sexes (P<0.05). The BW using the tape at position 3 were overestimated (MPE ranging from −0.0845 to −0.2186) (Table 2). In the studied population, the mean 
differences observed at positions 1 and 2 were 2.15 kg for males and 4.5 kg for females. 

The BW estimated by the mathematical formulas differed from the scale weights in the overall  

population as well as after subgrouping by sex and age class (P<0.05), except for Campolina females  aged 24 to 36 months (Method C, Table 3 and Figure 1). The MPE   values show that method C 
underestimated BW, while method B overestimated it (Table 3). 
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Correction factors were calculated based on the differences between the real weight provided  

by the scale and weights estimated by methods B and C. Appropriate corrections were made to the 

constants of these methods, and the new equations are proposed based on the data analyzed in the 

present study. However, it is noteworthy that these proposed formulas are based on this database, 

being necessary to verify the applicability and reliability of these new methods on different farms 

of this breed. The methods were adapted for males, pregnant females, and non-pregnant females as 

described below:

- For males:Adapted method B: BW (kg) = TP³ × 72;
Adapted method C: BW (kg) = [(TP2 × BL)/11,000].
- For non-pregnant females:

Adapted method B: BW (kg) = TP³ × 68;

Adapted method C: BW (kg) = [(TP2 × BL)/11,226].
- For pregnant females:

Adapted method B: BW (kg) = TP³ × 65;

Adapted method C: BW (kg) = [(TP2 × BL)/10,922].
The mean BW estimated by method D were similar to the real BW for the general population of 

males (P<0.05), but not for females (Table 4 and Figure 1). Within each sex and age class, there was 

a difference between the BW estimated by this method and the real BW in females aged 12 to 24 

months and over 36 months (P<0.05). The BW was underestimated in males and overestimated in 

females using method D.The BW estimated by method E were different from the real weights shown on the scale for  
non-pregnant females (P<0.05) (Table 4). Within each sex and age class (Table 4), BW estimated by method E was similar to the scale weight (P<0.05) in all males, except for foals aged 6 to 12 months, 
which shows that it is also a good BW estimation method. 

The values for pregnant female horses also differed from the real weight when the tape was at position 

3 (Table 5), and the mean difference was 1.60 kg at the three gestational stages at positions 1 and 2. 

Body weights estimated by methods B and C differed from the real weight shown on the scale (P<0.05) at all gestational stages, except for method C at less than five months of gestation (Table 5). Based on MPE values,   only method C underestimated the BW (MPE from 0.0564 to 0.1001), and method B overestimated the real weight at all gestational stages (MPE from −0.2184 to −0.2616). For weaned 
Campolina foals, the BW estimated by method F differed from the real scale weight (P<0.05), and this 

parameter was underestimated (Table 6).

4. DiscussionIn this study, population of CAM horses, males and non-pregnant females, had BI that classified them 
as small in stature (BI<85) and matched a conformation closer to traction/load as described by Rezende et al. (2016) (Table 1). Considering DTI, animals of both sexes were hypometric, small, and 
slim (DTI<10.5) as they approached adulthood. These results disagree with the studies of Lucena  et al. (2016), which classified stallions of this breed as medium and eumetric. However, adult  females were also classified by the authors as hypometric. These findings demonstrate that the 
animals are not in the body proportions recommended by the standard of the CAM breed, which classifies them as medium and eumetric (Inglês et al., 2004). A possible explanation for these results, 
reported by Lucena et al. (2016), would be the subjectivity applied in the selection of the animals 

used in reproduction, chosen according to results obtained in equestrian competitions. This has also been seen in other scientific study, such as that carried out by Santos et al. (2018), who found that 
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the judgment methodology adopted to select Campolina animals does not correlate, in subsequent 

generations, with the morphology recommended by the standard of this breed. Thus, the evolution 

of the conformation of the horses over the years may be different from those that served as a basis for the elaboration of the CAM breed pattern, changing its classification in terms of body proportions,  as verified in the present study. Body index values <85 and DTI<10.5 in pregnant females decreased as the pregnancy progressed and animals were classified as small in height and hypometric. 
The accuracy of method A varied as a function of the position of the tape on the animal’s thorax, both 

in the general population and in each age group. In the general population of this study, the mean 

differences obtained for BW estimated with the tape at positions 1 and 2 were 2.15 kg for males and 

4.5 kg for females. Wagner and Tyler (2011) also studied the impact of the position of the tape on the 

horses and observed a difference of 65.81 kg between the BW estimated by the tape at position 1 and 

the scale weight in 110 adult horses of more than 20 breeds (Quarter horse, Paso Fino, Mustangs, among others). According to these authors, verification of the reliability of this method is necessary, 
as there are numerous types of tapes available for purchase on the market, which vary from the 

material they are manufactured to the indication for breeds to be used. Thus, these differences 

found between the actual weight and the estimated weight can provide practical information for 

professionals and breeders about the effectiveness of the tape in kilograms in the animals of the CAM 

breed, facilitating adjustments in the formulations of diet and application of medications that are based on BW of animals, but additional studies are necessary to verify the efficiency of various types 
of weighing tapes in the same breed.

Body measurements at a location other than that recommended by the weight estimation method is 

a factor that reduces its accuracy. The BW of animals using the tape at position 3 were overestimated (Table 2; MPE ranging from −0.0845 to −0.2186), which indicates that placing the tape behind the 
withers at the perpendicular height of the ninth rib is not the correct approach if applying this method. 

The measuring tape estimated the BW with good quality (Table 2) when placed at positions 1 or 2 (mainly at position 2, with MPE ranging from −0.0795 to 0.0304) in the different age and sex classes, and it can be used in breeding facilities if there is no scale available. Hoffmann et al. (2013) and Ellis and Hollands (2002) described similar findings, as these studies confirmed the accuracy of commercial 
weight tapes to estimate BW when placed at position 2.

Interestingly, the measuring tape at positions 1 and 2 was more accurate in CAM males than in females. 

This can be related to the existing morphological sex differences, that is, the sexual dimorphism in the species, since males have secondary sexual characteristics that influence the growth of body regions and directly affect BW (Santos et al., 2007; McManus et al., 2010). The differences observed in the 
accuracy of the tape estimation method according to sex and age class agree with the study of Lewis 

(2000), which stated that live weight is affected by several factors internal or external to the animal, such as sex, age, gestational stage, BCS, breed, and environmental conditions. This was also confirmed by a study conducted by Souza et al. (2017b) in the Brazilian Mangalarga Marchador breed from the 
state of Minas Gerais, Brazil, and in the Campolina breed.

For pregnant female horses, there were also differences when the tape was used at position 3 

(Table 5), and BW were overestimated, which can be related to the gestational stage, thus showing 

Table 6 - Mean (standard deviations) scale and Cintra’s formula (2013) estimated live body weights of weaned Campolina foals and fillies
Sex n

Scale weight 
(kg)

Estimated weight (kg)
Mathematical formula

Cintra1 - Method F MPE R²
Males 19 259.4±32.4 170.22±9.42* 0.3382 0.9130

Females 33 256.6±43.7 169.87±10.44* 0.3247 0.5466

n - number of animals; MPE - mean predict error; R² - coefficient of determination.
1 Formula proposed by Cintra (2013).
* Significant differences under the paired test (P<0.05).
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that using the tape at this position is not recommended in female horses of these genetic groups. Bromerschenkel et al. (2010) also found significant differences (P<0.01) between the estimated BW 
using the tape at different positions and the real weight shown on the scale in Mangalarga Marchador 

female horses in the early gestational stage in a study that evaluated the use of the tape placed in two 

ways: circumference of the thorax passing through the posterior border of the withers (differences of 67.10 kg were found) and circumference of the thorax passing through the maximum height of the withers (error of 13.72 kg). In this study, the mean difference found in the three gestational stages 
with the tape at positions 1 and 2 was only 1.60 kg.

The BW estimated by the two mathematical formulas differed from the BW on the scale in the general 

population and in subgroups according to sex and age class (P<0.05), with the exception of CAM 

females aged 24 to 36 months (Method C, Table 3). A much higher than acceptable variation (above 

10% according to Milner and Helwitt (1969)) was observed for the estimated BW of these animals, 

and it is, therefore, not recommended to use these methods to manage breeding activities in this 

breed. Milner and Helwitt (1969) found a mean absolute percentage error of 10% in the BW estimated 

by method B, suggesting that this could be related to the fact that this method uses only TP for the 

calculation. The differences observed when using the mathematical formulas in our study may be due 

to these methods having been developed for foreign breeds with different conformations compared with Brazilian breeds; therefore, they are not sufficiently accurate to be used in this genetic group and require the calculation of correction factors, as shown by Souza et al. (2017b).
The BW estimated by methods B and C differed from the scale weight at all gestational stages (P<0.05), except for method C at less than five months of gestation, which shows that these methodologies are not 
accurate for this breed (Table 5). Method B was more accurate (P<0.05) in the early and mid-gestational 

stages and can be used in these cases. Method B may show better results   in the mid-gestational stage 

because it has a correction factor for pregnant females from the eighth month. However, for animals at 

the early gestational stage, there were no differences between the estimated and the scale weight as 

there is still no effect of fetal growth on the conformation of the animals and, consequently, their BW (NRC, 2007).Based on MPE values,   only method C underestimated BW (MPE from 0.0564 to 0.1001), and method B overestimated the real weight in all gestational stages (MPE from −0.2184 to −0.2616). 
Bromerschenkel et al. (2010) evaluated the use of Hall’s formula to estimate BW in Mangalarga Marchador pregnant female horses in the early gestational stage and found a significant difference 
(P<0.01) between the BW estimated by this formula and the real weight, which is consistent with the 

results of our study.

The mean BW estimated by method D were similar to the real BW in the general population of males (P<0.05), but not in females (Table 4). In each sex and age class, there were only significant differences 
between BW estimated by this method and real BW in females aged 12 to 24 months and over 

36 months (P<0.05). Body weights estimated by method E differed from scale weights in non-pregnant females (P<0.05) 
(Table 4). However, in each sex and age class (Table 4), BW estimated by this method were similar to 

the scale weights (P<0.05) in all males, except for foals aged 6 to 12 months, which shows that this is a 

good BW estimation method.The MPE values for the BW estimated using the two tables (methods D and E) were similar to those 
obtained for the tape at positions 1 and 2, which underestimated BW in males and overestimated it in females. However, MPE values   for method E were well below the error range reported in the literature, except for CAM females aged >24 to 36 months (−0.1176). These results suggest that the two tables provide good accuracy when applied to Campolina horses. Method E was developed for 
Pantaneira horses, a breed that originates from crosses of Iberian horses (Luzitano thoroughbred 

and Spanish thoroughbred, Celtic, Barbo) (McManus et al., 2008), and these are the same animals that originated the Campolina breed. This can explain the efficiency of this method to estimate BW 
in this breed.
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To better evaluate the accuracy of BW estimates in weaned foals, a specific formula for foals up to 
12 months of age (method F) was included in the analysis (Table 6). The estimated BW differed 

from the scale BW (P<0.05), and this parameter was underestimated much more than expected 

for both sexes, which shows that this formula is not accurate in estimating the BW of weaned  

CAM foals.

5. ConclusionsWeight tape placed at positions 1 and 2 as well as methods D and E can be used to accurately estimate 
body weight of Campolina females and males. Method A with the tape placed at position 2 is the most 

accurate in predicting body weight, including pregnant females and weaned foals, and, therefore,  

can be considered the most appropriate method to estimate body weight of Campolina horses of  

both sexes and different ages. For methods B and C, correction factors are required to accurately 

estimate body weight of Campolina horses.

Conflict of Interest The authors declare no conflict of interest.
Author ContributionsConceptualization: F.A.C. Souza, G.L. Teixeira, T.J. Fernandes, F.R. Muniz, S.L.C. Meirelles, J.A. Muniz and R.S. Moura. Data curation: F.A.C. Souza, T.J. Fernandes, F.O. Cunha, S.L.C. Meirelles and R.S. Moura. Formal analysis: F.A.C. Souza, T.J. Fernandes and S.L.C. Meirelles. Investigation: F.A.C. Souza, F.O. Cunha, S.L.C. Meirelles, J.A. Muniz and R.S. Moura. Methodology: F.A.C. Souza, G.L. Teixeira, T.J. Fernandes, J.A. Muniz and R.S. Moura. Software: F.A.C. Souza and T.J. Fernandes. Supervision: T.J. Fernandes, F.O. Cunha, S.L.C. Meirelles, J.A. Muniz and R.S. Moura. Validation: F.A.C. Souza, T.J. Fernandes and J.A. Muniz. Visualization: F.A.C. Souza, T.J. Fernandes, F.R. Muniz, J.A. Muniz and R.S. Moura. Writing-original draft: F.A.C. Souza, J.A. Muniz and R.S. Moura. Writing-review & editing: F.A.C. Souza, G.L. Teixeira, T.J. Fernandes, F.R. Muniz 
and J.A. Muniz.

AcknowledgmentsThe authors thank the Associação Brasileira dos Criadores do Cavalo Campolina, Núcleo de Estudos em Equideocultura of the Universidade Federal de Lavras, Fundação de Amparo à Pesquisa do Estado  de Minas Gerais (FAPEMIG), Conselho Nacional de Desenvolvimento Científico e Tecnológico (CNPq), and Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (CAPES).
References

Bromerschenkel, I.; Costa, M. N. C.; Ferreira, L.; Gravena, K. and Martins, C. B. 2010. Comparação entre diferentes metodologias para a mensuração dos pesos em éguas da raça Mangalarga Marchador. p.71. In: XI Conferência  Anual da Associação Brasileira dos Médicos Veterinários de Equídeos. Associação Brasileira dos Médicos Veterinários  de Equídeos, São Paulo.Cabral, G. C.; Almeida, F. Q.; Quirino, C. R.; Pinto, L. F. B.; Santos, E. M. and Corassa, A. 2004a. Avaliação morfométrica de equinos da raça Mangalarga Marchador: Medidas lineares. Revista Brasileira de Zootecnia 33:989-1000.  
https://doi.org/10.1590/S1516-35982004000400019Cabral, G. C.; Almeida, F. Q.; Quirino, C. R.; Azevedo, P. C. N.; Pinto, L. F. B. and Santos, E. M. 2004b. Avaliação morfométrica  de equinos da raça Mangalarga Marchador: índices de conformação e proporções corporais. Revista Brasileira de Zootecnia 33:1798-1805. https://doi.org/10.1590/S1516-35982004000700018Carroll, C. L. and Huntington, P. J. 1988. Body condition scoring and weight estimation of horses. Equine Veterinary  
Journal 20:41-45. https://doi.org/10.1111/j.2042-3306.1988.tb01451.xCintra, A. G. C. 2013. O cavalo: características, manejo e alimentação. Roca, São Paulo.



R. Bras. Zootec., 50:e20200047, 2021

Practical procedures to body weight estimation and correction factors applied to Campolina horses

Souza et al.
14

Ellis, J. M. and Hollands, T. 1998. Accuracy of different methods of estimating the weight of horses. Veterinary Record 
143:335-336. https://doi.org/10.1136/vr.143.12.335Ellis, J. M. and Hollands, T. 2002. Use of height-specific weigh tapes to estimate the bodyweight of horses. The Veterinary Record 150:632-634. https://doi.org/10.1136/vr.150.20.632Garcia, F. P. S.; Alfaya, H.; Lins, L. A.; Haetinger, C. and Nogueira, C. E. W. 2011. Determinação do crescimento e desenvolvimento de potros puro sangue inglês em Bagé-RS. Revista Portuguesa de Ciências Veterinárias 110:43-46.García Neder, A.; Perez, A. and Perrone, G. 2009. Estimación del peso corporal del caballo Criollo mediante  medidas morfométricas: Validación de ecuaciones publicadas para otras razas y desarrollo de nueva formula. Revista Electrónica de Veterinaria 10:1-8.Hall, L. W. 1971. Wright’s veterinary anaesthesia and analgesia. Baillière Tindall, London. Hintz, H. F. and Griffiths, C. 1984. Estimates of body weight. Morgan Horse Journal 44:120.Hintz, H. F. 2002. How much does that horse weight? Journal of Equine Veterinary Science 22:362.  https://doi.org/10.1016/S0737-0806(02)70008-7Hoffmann, G.; Bentke, A.; Rose-Meierhöfer, S.; Ammon, C.; Mazetti, P. and Hardarson, G. H. 2013. Estimation of  the body weight of Icelandic horses. Journal of Equine Veterinary Science 33:893-895. https://doi.org/10.1016/j.
jevs.2013.01.002Inglês, F. P. L. D.; Vianna, S. A. B. and Procópio, A. M. 2004. Padrão racial comentado do cavalo Campolina. Associação 
Brasileira dos Criadores do Cavalo Campolina, Belo Horizonte. Lewis, L. D. 2000. Nutrição clínica equina: alimentação e cuidados. Roca, São Paulo.Lucena, J. E. C.; Vianna, S. A. B.; Berbari Neto, F.; Sales Filho, R. L. M. and Diniz, W. J. S. 2016. Caracterização morfométrica de fêmeas, garanhões e castrados da raça Campolina baseada em índices. Arquivo Brasileiro de Medicina Veterinária e 
Zootecnia 68:431-438. https://doi.org/10.1590/1678-4162-8016Milner, J. and Hewitt, D. 1969. Weight of horses: improved estimates based on girth and length. Canadian Veterinary 
Journal 10:314-316.McManus, C. M.; Santos, S. A.; Silva, J. A.; Louvandini, H.; Abreu, U. G. P.; Sereno, J. R. B. and Mariante, A. S. 2008.  Body indices of the pantaneiro horse. Brazilian Journal of Veterinary Research and Animal Science 45:362-370.  https://doi.org/10.11606/issn.1678-4456.bjvras.2008.26677McManus C. M.; Louvandini, H. and Campos, V. A. L. 2010. Non linear growth curves for weight and height in four  genetic groups of horses. Ciência Animal Brasileira 11:80-89. https://doi.org/10.5216/cab.v11i1.5400NRC - National Research Council. 2007. Nutrient requirements of horses. 6th ed. National Academies Press,  
Washington, DC. R Core Team. 2017. R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria.Rezende, M. P. G.; Souza, J. C.; Mota, M. F.; Oliveira, N. M. and Jardim, R. J. D. 2016. Conformação corporal de equinos de diferentes grupos genéticos. Ciência Animal Brasileira 17:316-326. https://doi.org/10.1590/1089-6891v17i321194Ribeiro, R. A.; Souza, F. A. C.; Muniz, J. A.; Fernandes, T. J. and Moura, R. S. 2018. Curva de crescimento em altura na  
cernelha de equinos da raça Mangalarga Marchador considerando-se heterocedasticidade. Arquivo Brasileiro de  Medicina Veterinária e Zootecnia 70:272-278. https://doi.org/10.1590/1678-4162-9322Sallum Neto, F.; Carvalho, L. R. and Mischan, M. M. 2013. Ajustes de modelos não lineares a dados de crescimento  com estrutura de erros independentes e autorregressivos de primeira ordem-aplicações. Revista Brasileira de  
Biometria 31:631-644.Santos, S. A.; Souza, G. S.; Abreu, U. G. P.; McManus, C. M. and Comastri Filho, J. A. 2007. Monitoramento do  desenvolvimento de cavalos pantaneiros por meio de curvas de crescimento. Archivos de Zootecnia 56(Sup. 1):647-654. Santos, S. A.; Souza, G. S. and Abreu, U. G. P. 2008. Como estimar o peso do seu cavalo Pantaneiro? Embrapa Pantanal, Corumbá.Santos, J. E. S; Santiago, J. M.; Lucena, J. E. C.; Santos, B. A.; Lana, A. M. Q. and Rezende, A. S. C. 2018. Effectiveness of  the morphofunctional evaluation method of Campolina and Mangalarga Marchador breeds. Revista Brasileira de Zootecnia 47:e20170280. https://doi.org/10.1590/rbz4720170280Souza, F. A. C.; Fernandes, T. J.; Moura, R. S.; Meirelles, S. L. C.; Ribeiro, R. A.; Cunha, F. O. and Muniz, J. A. 2017a. Nonlinear modeling growth body weight of Mangalarga Marchador horses. Ciência Rural 47:e20160636.  https://doi.org/10.1590/0103-8478cr20160636Souza, F. A. C.; Muniz, J. A.; Fernandes, T. J.; Cunha, F. O.; Meirelles, S. L. C.; Souza, J. C. and Moura, R. S. 2017b.  Estimation methods and correction factors for body weight in Mangalarga Marchador horses. Revista Brasileira de 
Zootecnia 46:903-909. https://doi.org/10.1590/S1806-92902017001200005



R. Bras. Zootec., 50:e20200047, 2021

Practical procedures to body weight estimation and correction factors applied to Campolina horses

Souza et al.
15

Souza, F. A. C.; Fernandes, T. J.; Cunha, F. O.; Ribeiro, R. A.; Muniz, F. R.; Meirelles, S. L. C.; Muniz, J. A. and Moura, R. S.  
2019. Morphometric characteristics of Mangalarga Marchador horses determined by non-linear models. Pesquisa Agropecuária Brasileira 54:e01145. https://doi.org/10.1590/S1678-3921.pab2019.v54.01145Wagner, E. L.; Tyler, P. J. and Bruce, A. M. 2009. Body weight estimation: Which measurement to use? Abstracts  29:416-417. https://doi.org/10.1016/j.jevs.2009.04.115Wagner, E. L. and Tyler, P. J. 2011. A comparison of weight estimation methods in adult horses. Journal of Equine  Veterinary Science 31:706-710. https://doi.org/10.1016/j.jevs.2011.05.002


