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The Brazilian Pony is a recent breed, with registration of animals only starfing in 1970, since when
it has been continually improved. Body morphometry is important for selective breeding of horses, be-
cause it is one of the main elements used fo characterize breeds. The objective of this study was to apply
principal component analysis (PCA) to the main morphometric measures of Brazilian Pony sfallions and
mares to identify those that contribute the most to explain the fotal variance in each sex. Fourteen linear
measures were obtained from 281 adult animals and the data were used for to compute descriptive stafis-
tics and correlation coefficients as well as for analysis of variance and principal component analysis. The
morphometric measures of the animals showed great variation in the two sexes. The correlations between
the variables were positive and generally of large magnitude. For the stallions, only two components
were necessary to explain at least 80% of the fotal variance, while for the females, three components
were needed. After the methodology for discarding of variables, the variables head width, neck length
and chest height were identified as the measures that explain most of variafions in Brazilian Pony horses
and should be uses for breed selection and control.
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INFORMATION

O Panei Brasileiro é uma raga recente que iniciou o registro dos animais a partir do ano de 1970,
e vem sendo selecionada continuamente principalmente na sua morfologia para aperfeicoamento e pa-
dronizagdo racial. O objetivo do estudo foi avaliar através da andlise componentes principais medidas
morfométricas de garanhdes e éguas pdneis da raga Pénei Brasileiro para identificar as que mais confri-
buem para a explicagdo da varidncia fotal em cada sexo. Foram tomadas 14 medidas lineares de um
total de 281 animais adulios e foram realizadas a andlise descritiva, andlise de varidncia, correlacdes e
andlise de componentes principais. As medidas morfométricas dos animais apresentaram grande variagdo
nos dois sexos. As correlagdes enfre as varidveis foram positivas e, em geral, de alla magnitude. Para
os garanhdes foram necessdrios apenas dois componentes e para as fémeas foram necessdrios apenas
frés componentes para explicar pelo menos 80% da variagdo total. Apés metodologia para descarte de
varidveis foram identificadas as varidveis largura da cabega, comprimento do pescogo e altura do térax
como as medidas que explicam a maior parte da variaggo dos animais da raga Pénei Brasileiro e devem
ser ufilizadas para selegdo e controle racial.
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INTRODUCTION

Horses of the Brazilian Pony breed are being selec-

ted continuously, as reported by Costa et al. (2001b),

The Brazilian Pony is a recent breed, with the first
registration of animals occurring in 1970, with the
founding of the Brazilian Association of Piquira and
Pony Horses (Bergmann et al., 1997a, 1997b, Costa et
al., 1998, 2001a, 2001b; Quirino et al., 2012; Bartholazzi
Junior et al., 2017, 2018).

who observed a reduction in size of the animals in the
genetic trend of linear measurements. These horses are
dual purpose (riding and light traction), with all the
coat colors/patterns common to horses. Their withers
height cannot be more than 100 cm for males and 105
cm for females, with the ideal being 90 cm (ABCCPO-
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NEI, 2018). They are used mainly in leisure activities for
children, including initiation in horsemanship, as well
as competition at shows.

The body size and conformation are important for
horse breeds and are subject to strong selection pres-
sure. Breeder associations typically select horses based
on functional criteria and encourage the breeding of
animals with body structure most suitable for specific
functions, with correct skeletal conformation being a
key determinant of the body type (Brooks et al., 2010).

Principal component analysis is a multivariate sta-
tistical technique that enables linear transformation of a
set of original (correlated) variables into a substantially
smaller set of (uncorrelated) variables, seeking to main-
tain most of the features as the original data (Hongyu,
Jorge and Junior, 2016)entre as t\u0Oe9cnicas de mul-
tivariadas, a an\uOOellise de componentes principais
(ACP. This method allows excluding variables that have
smaller influence on the variance of a group of animals,
facilitating selection of traits for a breed.

Various studies have applied principal component
analysis to data on horses, but there are no works in-
vestigating the Brazilian Pony breed. The objective of
this study was to apply principal component analysis to
morphometric measures of horses of the Brazilian Pony
breed to identify the linear measurements that contri-
bute the most to explain the total variance in each sex.

MATERIAL AND METHODS

This study was approved by the Ethics Committee
on Animal Experimentation of Norte Fluminense State
University (UENF Protocol no. 245), in accordance with
the Brazilian Society of Laboratory Animal Science/
Brazilian College of Animal Experimentation (SBCAL/
COBEA).

ANIMALS

We evaluated a total of 281 adult ponies (older than
three years), composed of 92 stallions and 189 mares,
in the state of Rio de Janeiro, Brazil. The animals were
maintained, with the feeding and management specific
to each sex, with predominance of extensive grazing
for the females and confinement of males in individual
stalls. The farms are mainly engaged in breeding ani-
mals for show purposes, based on the animals” morpho-
metric measures.

MORPHOMETRIC MEASURES

For the morphometric measurements, the animals
were positioned with the limbs parallel on a flat and
firm surface. The measurements were performed us-
ing a zoometric hypsometer, metal tape measure and
zoometric compass.

We studied the 14 linear measurements described
below, according to Bartholazzi Junior et al. (2017)bio-
metric indexes, morphological indexes and evaluate
the effect of gender. Linear measurements and the body
indexes of these measures were performed in relation
to the height at withers and different morphological
indexes (body index, work index 1 and work index 2:
withers height, croup height, head length, neck length,
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back-loin length, croup length, body length, head width,
chest width, croup width, thorax height, front cannon
length, thorax circumference and head circumference.

STATISTICAL ANALYSIS

The consistency of the all the measures (mean, stan-
dard deviation and coefficient of variation) was verified,
then the data were submitted to analysis of variance
by the PROC GLM, and the means of the stallions and
mares were compared by the t-test of the SAS® 9.2
software (SAS Inst., Inc., Cary, NC). The pairwise corre-
lations were estimated between the morphometric mea-
sures by the PROC CORR of the SAS® 9.2 software (SAS
Inst., Inc., Cary, NC). The correlations of the variables
were compared between stallion and mares. Initially, Z
values for each correlation were obtained according to
the following equation.

Z,=(0,5) * log((1+r)/(1-1))

where, log is the logarithm and r is the correlation
value.

Subsequently, a Z score between the two groups was
obtained according to the following equation.

7.,,=(Z1-Z2)/SEZ,,

where, SEZ is the standard error between the groups,
obtained according to the following equation

SEZ,,=\(1/(n1-3)+1/(n2-3))

where, 1 is the number of observations for the cor-
relation.

The Z value obtained for the correlations of the two
groups were compared with the Z score table with nor-
mal distribution to obtain significance.

The measure of sampling adequacy of Kaiser-Meyer-
Olkin (KMO) was tested in SPSS Statistics for Windows,
version 16.0 (SPSS Inc., Chicago, Ill., USA); component
analysis must only be performed if the KMO is greater
than 0.50 (Favero et al., 2009). Finally, principal compo-
nent analysis was performed for each sex by the PROC
PRINCOMP of the SAS® 9.2 software (SAS Inst., Inc.,
Cary, NC), with selection of the principal components
where the sum of the eigenvalues was able to explain
at least 80% of the total variance (Johnson and Wichern,
1998).

The disposal of variables was carried out according
to the methodology of Mardia, Kent and Bibby (1979)
to identify the most important variables, where, after the
first analysis, the variable with the highest factor load-
ing in the last component will be discarded and subse-
quently a new analysis will be performed. Thereafter,
the variable with the highest factor loading will always
be discarding until reaching a result with all variables
showing high factor loading.

RESULTS

DESCRIPTIVE STATISTICS AND ANALYSIS OF VARIANCE

The descriptive statistics and comparison of the
means of adult Brazilian Pony stallions (n=92) and
mares (n=189) are presented in Table I. The animals
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had average withers heights of 82.42 cm for males and
86.48 cm for females, and mean body lengths of 84.46
cm for males and 91.39 cm for females. The morpho-
metric measures with highest coefficients of variation
were croup length (19.55%) of stallions and back-loin
length (19.22%) of mares.

The mares had larger measures than the stallions
(P <0.05) for head width, head length, head circum-
ference, withers height, croup height, thorax circum-
ference, front cannon length, back-loin length, croup
length, croup width and body length (Table I).

The measures of neck length, thorax height and
chest width did not differ significantly (P >0.05) be-
tween the stallions and mares of the Brazilian Pony
breed.

CORRELATIONS

As a lot of measures were significantly different
between stallions and mares, the correlations and the
main components were estimated for each sex. The
pairwise correlations between the morphological mea-
sures are presented in Table II for the stallions and
mares. Among the stallions, the correlations between
the morphological measures were medium to high,
with the smallest correlation being between croup
length and neck length (r= 0.16) and the highest be-
ing between croup height and withers height (r= 0.97)

Table I. Means and standard deviation of the mor-
phometric measures of the Brazilian Pony breed

based on sex (Médias e desvios padrdo das medidas morfo-
métricas da raga Ponei Brasileiro de acordo com o sexo).

Stallions Mares
Varabie om0 Cv% MZTT o cve
HW 1632 1.54 10.02 15.76* 1.63 10.34
HL 3545 3.58 10.10 37.16* 482 1298
HC 59.63 6.40 10.73 61.88* 6.47 1045
NL 4192 6.39 15.24 4133 6.30 15.23
WH 82.42 8.76 10.63 86.48*  8.00 9.25
ThH 4260 4.73 11.11 4328 438 10.11
CrH 83.27 8.25 9.90 87.83* 8.06 9.18
ThC 102.62 15.24 14.85 110.85* 15.06 13.59
Chw 2191 348 15.87 2238 294 13.15
HCL 1546 1.74 11.27 16.13*  1.82 1130
BLL 3721 6.37 17.13 42.13* 810 19.22
CrL 23.94 468 19.55 26.06* 4.56 17.49
Crw 2853 4.85 17.01 31.18* 4.32 13.86
BL 84.46 11.57 13.70 91.39* 10.66 11.66

Means in the same row followed by the t-test at 5% probability (*=
P <0.05). HW: Head width. HL: Head length. HC: Head circumfe-
rence. NL: Neck length. WH: Withers height. ThH: Thorax height.
CrH: Croup height. ThC: Thorax circumference. ChW: Chest width.
HCL: Hind cannon length. BLL: Back-loin length. CrL: Croup length.
CrW: Croup width. BL: Body length. SD: standard deviation. CV:
coefficient of variation.

and between body length and thorax circumference
(r=0.94).

Among the mares, the smallest correlation was be-
tween croup length and neck length (r=-0.09), as was
the case of the males, and the largest correlations were
between croup height and withers height (r= 0.97) and
between withers height and body length (r= 0.90). In
general, the neck length metric had the smallest corre-
lations with the other morphological measures among
both the stallions and mares. The biggest difference
was between head width and head length, with a cor-
relation of 0.78 in stallions and 0.42 in mares.

Mares showed higher correlations (P <0.05) than
stallions between WH measurements with ThH, ThH
with CrH and ChW. In general, most of the corre-
lations that showed statistical differences (P <0.05)
were higher in the stallions (Table II). Most of the
differences were between the correlations involving
the measures HW, HL, HC and ChW. The correlations
between NL, FCL and CrW with the other variables did
not presented different (P >0.05) correlations between
males and females.

PRINCIPAL COMPONENTS

Due to the differences observed in means and cor-
relations of measurements between males and females,
the principal components were estimated separately
for each sex. The measure of sampling adequacy of
Kaiser-Meyer-Olkin (KMO) was 0.911 for stallions and
0.907 for mares. The principal component analyzes
could be performed from these results.

For the Brazilian Pony stallions, only two principal
components (PC) were necessary to explain at least

Table II. Eigenvalues and percentages of variance
explained by the principal components of morpho-
metric measures in Brazilian Pony breed stallions
(Autovalores e porcentagem da variancia explicada
pelo component principal das medidas morfométri-
cas de garanhdes da raca Ponei Brasileiro).

Principal . . . Cumulative
Compo- Eigenvalue Difference  Variance )
nent Variance
PC1 10.231 9.112 0.731 0.731
PC2 1.119 0.402 0.080 0.811
PC3 0.717 0.342 0.051 0.862
PC4 0.375 0.050 0.027 0.889
PC5 0.325 0.015 0.023 0.912
PC6 0.310 0.043 0.022 0.934
PC7 0.267 0.057 0.019 0.953
PC8 0.210 0.043 0.015 0.968
PC9 0.167 0.065 0.012 0.980
PC10 0.101 0.019 0.007 0.987
PC11 0.082 0.035 0.006 0.993
PC12 0.047 0.014 0.003 0.997
PC13 0.033 0.018 0.002 0.999
PC14 0.015 - 0.001 1.000

PC: Principal component.
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80% of the total variance of the morphometric mea-
sures analyzed. The eigenvalues and percentages of
variance explained by the principal components for
the stallions are presented in Table III. Only PC1 and
PC2 had eigenvalues higher than 1, together represent-
ing 81.1% of the cumulative variance observed in the
morphometric measures of the stallions.

The eigenvalues and percentages of variance ex-
plained by the principal components for the mares are
presented in Table IV. In the PC of the morphometric
measures of mares, three principal components ex-
plained at least 80% of the total variance presented
(85.1%). However, as for the stallions, only PC1 and
PC2 had eigenvalues greater than 1.

The estimated component loadings of the morpho-
metric measures for each principal component are pre-
sented in Table V for the stallions and in Table VI for
the mares. In the first component of the PCA of the
stallions, all the morphometric measures contributed
almost equally to the composition of the variance of
the animals. The factor loadings of the measures var-
ied from only 0.299 for body length to 0.194 for front
cannon length. In the second component, the variables
thorax height and front cannon length presented high
factor loading (0.444 and 0.604, respectively) and sug-
gested that these are the main variables responsible
for the greatest variation in stallions, since in the first
component the factor loading were similar between
variables.

Table III. Eigenvalues and percentage of variance
explained by the principal components of morpho-
metric measures in Braziliam Poni breed mares
(Autovalores e porcentagem da variancia explicada pelo com-
ponent principal das medidas morfométricas de éguas da raga
Pénei Brasileiro).

Principal . . Variance Cumulative
Compo- Eigenvalue Difference o Variance
nent (%) (%)
PC1 9.979 8.814 0.713 0.713
PC2 1.165 0.392 0.083 0.796
PC3 0.773 0.397 0.055 0.851
PC4 0.376 0.044 0.027 0.878
PC5 0.331 0.019 0.024 0.902
PC6 0.313 0.051 0.022 0.924
PC7 0.262 0.048 0.019 0.943
PC8 0.213 0.043 0.015 0.958
PC9 0.170 0.011 0.012 0.970
PC10 0.159 0.034 0.011 0.982
PC11 0.126 0.061 0.009 0.991
PC12 0.065 0.027 0.005 0.995
PC13 0.037 0.007 0.003 0.998
PC14 0.031 - 0.002 1.000

PC: Principal Component.
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Likewise, for the mares in the first component all
the morphometric measures also contributed nearly
equally to the composition of the variance, with posi-
tive loadings varying from only 0.304 for body length
to 0.196 for front cannon length. In the second princi-
pal component of mares, the highest loading was for
front cannon length (0.611) and neck length (-0.518).
In the third component, thorax height had the highest
loading (0.645). These would be the most important
variables to explain the variance in females.

To allow the disposal of variables, new analyzes
were performed removing variables with the highest
factor loading in the last component, until reaching a
result where all variables have high factor loading. The
variables considered important presented in the final
factor loadings analysis were greater than 0.57 in the
first component (Table VII).

Only two principal components (PC) were neces-
sary to explain at least 80% of the total variance in
stallions and mares. The PC1 and PC2 had 83.48%
and 84.99% of cumulative variance observed (for the
stallions and mares, respectively). The variables head
length, head circumference, withers height, croup
height, thorax circumference, chest width, front cannon
length, back-loin length, croup length, croup width
and body length were discarded for both stallion and
mares. Thus, the variables that should explain the
greatest variation in animals and be evaluated would
be the measures of head width, neck length and thorax
height in stallions and mares.

Estimated factor loadings for the first component
ranged from 0.570 to 0.584 for stallions and 0.577 to
0.581 for mares (Table VII). In the second component,
the variables with the highest estimated factor loadings
were neck length and thorax height for both stallions
and mares, these would be the most important vari-
ables to explain the variation in animals.

DISCUSSION

The averages of the morphometric measures evalu-
ated in this study were mostly lower to those observed
by Costa et al. (2001a) mainly at the withers height,
croup height, and body length. These results are in
according with Costa et al. (2001a), that in their study
observed a genetic tendency in decreasing the size of
the animals for almost all the linear measurements of
the ponies.

The correlations between the morphological mea-
surements were generally medium to high and cor-
roborate with the results found by Bartholazzi Junior et
al. (2017)biometric indexes, morphological indexes and
evaluate the effect of gender. Linear measurements and
the body indexes of these measures were performed in
relation to the height at withers and different morpho-
logical indexes (body index, work index 1 and work
index 2. These findings are important in the principal
component analyzes, since this analysis transforms a
group of correlated variables into a group of uncor-
related variables.

The coefficients of variation of the morphometric
measures of stallions and mares of the Brazilian Pony
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breed presented large variation between the animals of
each sex, possibly because of different lineages. These
coefficients were higher than those observed for other
breeds. Pinto et al. (2008) reported coefficients of varia-
tion of morphometric measures in males and females
of the Margalarga Marchador breed ranging from 1.83
to 7.83%. Lage et al. (2009), evaluating linear measure-
ments of the same breed, observed coefficients of varia-
tion below 9%, such as 1.81 % for withers height.

Pascual Moro and Intxausti del Casal (1998) con-
ducted a zoometric study of the Vasto-Pottoka pony
breed in Spain, finding mean withers height of 125.7
cm for females and 125.4 cm for males, and report-
ed the highest coefficient of variation for chest width

some measurements between the sexes. These results
indicate a behavior different from the body proportions
between males and females, and also justify the analy-
sis of principal components separately for each gender.
These differences, possibly, are due to the more rigor-
ous selection for males or by the sexual differentiation
in the breed (Bartholazzi Junior et al., 2017)biometric
indexes, morphological indexes and evaluate the effect
of gender. Linear measurements and the body indexes
of these measures were performed in relation to the
height at withers and different morphological indexes
(body index, work index 1 and work index 2.

The lower magnitude of the correlations observed
in the females indicates the greater variation in the

Table IV. Correlations of the morphometric measures in Brazilian Pony breed stallions (Correlagdes das medidas

morfométricas de garanhdes da raga Péonei Brasileiro).

HW HL HC NL  WH  ThH
HW -
HL 0.78 -
HC 0.83  0.81 -
NL 037 0.38 0.58 -
WH 076 078 0.83 0.58 -
ThH 048 056 050 047 075 -
Agar 074 076 081 062 097 072
ThC 0.78 0.79 0.92 0.60 0.83 0.44
Chw 0.73 0.70 0.84 0.39 0.68 0.36
HCL 0.49 0.56 0.52 0.22 0.64 0.58
BLL 0.47 0.48 0.74 0.38 0.69 0.54
CrL 0.67 0.67 0.80 0.16 0.66 0.52
Crw 0.75 0.71 0.88 0.44 0.78 0.59
BL 0.81 0.80 0.90 0.55 0.90 0.57

CrH

0.83
0.69
0.62
0.66
0.65
0.75
0.88

ThC Chw HCL BLL CrL Crw BL
0.90 -

0.47 0.36 -

0.73 0.39 0.65 -

0.81 0.73 0.45 0.25 -

0.90 0.82 0.49 0.51 0.75 -

0.94 0.84 0.50 0.60 0.71 0.86 -

HW: Head width. HL: Head length. HC: Head circumference. NL: Neck length. WH: Withers height. ThH: Thorax height. CrH: Croup height. ThC:
Thorax circumference. ChW: Chestwidth. HCL: Hind cannon length. BLL: Back-loin length. CrL: Croup length. CrW: Croup width. BL: Body length.

(19.8%) and the lowest one for withers height (2.6%).
Among the animals of that breed, although the coeffi-
cients of variation were high, for most of the morpho-
metric measures the variation was lower than observed
in our study of the Brazilian Pony breed.

The correlation has a direct effect on principal com-
ponent analysis. According to Manly (2008), principal
component analysis should only be applied when the
original variables are correlated, and produces the
best results if the variables are highly correlated either
positively or negatively. The correlations found in our
study were of medium to high magnitude for most of
the measures, allowing application of principal com-
ponent analysis and supporting the results obtained.

The differences observed in the magnitudes of the
correlations among the measurements of the stallions
compared to the correlations of the measurements of
the mares were due to the differences observed in

body proportions of the mares and corroborates with
the possibility of a less rigorous selection for the fe-
males.

The measure of sampling adequacy of Kaiser-Mey-
er-Olkin (KMO) was greater than 0.90 for stallions and
mares. High values (between 0.5 and 1.0) indicate that
the analysis by principal components is appropriate,
while below 0.5 indicate that the analysis is inadequate.
A value between 0.90 to 1 is considered very good for
principal component analysis (Favero et al., 2009).

In addition, these results indicate that there is a
very good relationship among the magnitudes of the
linear correlation coefficients observed with the partial
correlation coefficients, and that the model is highly
adjusted to the data.

In the principal component analysis here, very
few components were necessary to explain at least
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Table V. Correlations of the morphometric measures in Brazilian Pony breed mares (Correlagées das medidas
morfométricas de éguas da raca Pdnei Brasileiro).

HW HL HC NL WH ThH CrH
HW -
HL 0.42 -
HC 0.67 0.69 -
NL 0.23 0.23 0.50 -
WH 0.55 0.48 0.82 0.47 -
ThH 0.55 0.67 0.60 0.53 0.86 -
Agar 0.55 0.48 0.80 0.52 0.97 0.85 -
ThC 0.70 0.67 0.85 0.48 0.84 0.55 0.82
Chw 0.51 0.35 0.73 0.17 0.64 0.58 0.63
HCL 0.31 0.35 0.50 0.17 0.61 0.61 0.59
BLL 0.21 0.19 0.75 0.50 0.62 0.62 0.63
CrL 0.54 0.45 0.66 -0.09 0.53 0.54 0.49
Crw 0.60 0.51 0.77 0.28 0.75 0.61 0.75
BL 0.60 0.49 0.84 0.44 0.90 0.70 0.90

ThC ChW HCL BLL CrL Crw BL
0.82 -

0.52 0.55 -

0.79 0.42 0.69 -

0.73 0.58 0.34 0.04 -

0.80 0.67 0.40 0.50 0.62 -

0.90 0.68 0.53 0.66 0.60 0.81 -

HW: Head width. HL: Head length. HC: Head circumference. NL: Neck length. WH: Withers height. ThH: Thorax height. CrH: Croup height.
ThC: Thorax circumference. ChW: Chest width. HCL: Hind cannon length. BLL: Back-loin length. CrL: Croup length. CrW: Croup width.

BL: Body length.

Table VI. Estimated component loadings for principal component analysis of morphometric measures in

Brazilian Pony stallions (Cargas estimadas de componentes para andlise de componentes principais de medidas morfométricas
de garanhdes da raca Pénei Brasileiro).

PC1 PC2 PC3 PC4 PC5 PC6 PC7
HW 0.264 -0.082 -0.269 -0.082 0.528 -0.093 0.609
HL 0.276 0.048 -0.128 -0.317 0.063 0.073 0.242
HC 0.293 -0.124 -0.201 0.058 0.015 -0.125 0.022
NL 0.218 -0.294 0.645 0403 -0.086 0.165 0.356
WH 0.297 0.146 0.166 -0.027 -0.206 -0.025 0.048
ThH 0.216 0.444 0475 -0.255 0.405 -0.330 -0.278
CrH 0.295 0.100 0.198 -0.101 -0.213 0.160 0.045
ThC 0.293 -0.213 -0.158 0.102 -0.097 -0.015 -0.188
chw 0263 -0.350 -0.178 0.122 0.173 0.138 -0.467
HCL 0.194 0.604 -0.205 0.371 0.118 0.607 -0.047
BLL 0.250 0.295 -0.248 0.281 -0.474 -0.560 0.112
CrL 0.268 -0.071 -0.020 -0.620 -0.349 0.275 -0.044
crw 0287 -0.120 0.031 0.149 0.240 -0.178 -0.291
BL 0.299 -0.145 0.019 0.055 -0.007 0.017 -0.082

PC8 PC9 PC10 PC11 PC12 PC13 PC14
-0.380 -0.011 0.104 -0.154 0.074 -0.032 0.012
0.832 -0.181 0.104 -0.008 -0.019 0.004 0.019
-0.013 0.207 -0.294 0.746 -0.379 -0.060 -0.067
0.106 0.185 0.189 0.134 0.1563 -0.012 0.058
-0.152 -0.305 -0.208 -0.179 -0.357 -0.153  0.689
-0.048 -0.024 0.072 0.221 0.226 -0.080 -0.026
-0.194 -0.312 0.077 -0.159 -0.388 -0.075 -0.677
0.028 -0.062 -0.263 -0.120 0.448 -0.698 -0.111
-0.081 -0.306 0.585 0.128 -0.044 0.103 0.154
-0.001 0.151 -0.016 0.039 0.084 0.015 0.032
-0.002 0.064 0.324 -0.023 0.163 0.147 -0.033
-0.224 0459 0.137 0.016 0.190 0.103  0.109
0.171  0.534 -0.098 -0.510 -0.331 0.101  -0.051
-0.036 -0.280 -0.506 -0.038 0.342 0.648 -0.070

PC: Principal component. HW: Head width. HL: Head length. HC: Head circumference. NL: Neck length. WH: Withers height. ThH: Thorax
height. CrH: Croup height. ThC: Thorax circumference. ChW: Chest width. HCL: Hind cannon length. BLL: Back-loin length. CrL: Croup

length. CrW: Croup width. BL: Body length.

80% of the total variance, as proposed by Johnson and
Wichern (1998). This can be explained by the high cor-
relations between the traits. Among the stallions, the
morphometric measures were more strongly correlated
than for the mares, and only two principal components
were necessary to explain 80% of the total variance,
while for the mares, three were necessary.

Principal component analysis allows identifying the
variables that have the greatest contribution to the ac-
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cumulated variance. The measures that contribute the
most to explain the phenotypic variation of the animals
are the traits that present the highest component load-
ings among the components of highest variance (Cruz,
Carneiro and Regazzi, 2014).

Pinto et al. (2008) evaluated linear and angular mea-
surements (totaling 36 traits) of foals with different
ages of the Mangalarga Marchador breed, and at 12
months of age, five principal components were neces-
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Table VII. Estimated component loadings for principal component analysis of morphometric measures in

Brazilian Pony mares (Cargas estimadas de componentes para analise de componentes principais de medidas morfométricas de
éguas da raga Pénei Brasileiro).

PC1 PC2 PC3 PC4 PC5 PC6 PC7
HW 0.268 -0.226 -0.094 -0.097 0.117 0.631 0.332
HL 0.268 -0.314 0.114 -0.188 -0.155 -0.077 0.451
HC 0.278 0.041 -0.280 -0.026 -0.033 0.120 0.197
NL 0.214 -0.518 0.243 0493 0.303 0.082 -0.363
WH 0.303 0.014 0.188 -0.110 -0.048 0.006 -0.094
ThH 0.244 0.070 0.645 -0.095 -0.2563 -0.083 -0.115
CrH 0.303 -0.025 0.198 -0.105 -0.081 0.042 -0.082
ThC 0.2900 0.078 -0.316 0.063 0.015 0.053 -0.082
chw 0252 0227 -0.217 0.648 -0.521 0.053 -0.053
HCL 0196 0611 0314 0.138 0.192 0.035 0.329
BLL 0.259 0.346 -0.128 -0.167 0.500 0.027 -0.370
CrL 0.267 -0.146 -0.148 0.150 0.265 -0.723 0.320
Crw 0.270 -0.055 -0.228 -0.423 -0.379 -0.186 -0.348
BL 0.304 -0.016 -0.116 -0.084 0.154 0.024 -0.092

PC8 PC9 PC10 PC11 PC12 PC13 PC14
0.221 -0.368 0.369 -0.093 0.082 -0.032 0.002
0.228 0.169 -0.500 0.448 0.089 0.088 -0.032
-0.684 0.409 0.273 0.259 -0.089 -0.037 0.029
0.099 0353 0.106 0.057 0.052 0.016 -0.033
-0.217 -0.113 -0.169 -0.230 0.027 -0.271 -0.796
-0.268 -0.275 0.223 0.103 0.223 0.352 0.212
-0.042 -0.005 -0.209 -0.221 -0.308 -0.624 0.513
-0.100 0.077 -0.344 -0422 0.640 0.169 0.213
0.135 -0.238 -0.047 0.213 -0.123 -0.033 -0.050
0.318 0.423 0.130 -0.154 -0.011 0.032 -0.050
0.080 -0.231 -0.098 0.540 0.094 -0.103 0.025
0.009 -0.276 0.262 -0.109 0.023 -0.096 0.030
0405 0.281 0.381 -0.028 0.026 0.009 -0.056
-0.023 -0.069 -0.212 -0.238 -0.628 0.594 0.008

PC: Principal component

. HW: Head width. HL: Head length. HC: Head circumference. NL: Neck length. WH: Withers height. ThH: Thorax
height. CrH: Croup height. ThC: Thorax circumference. ChW: Chest width. HCL: Hind cannon length. BLL: Back-loin length. CrL: Croup

length. CrW: Croup width. BL: Body length.

sary for the males and six for the females to explain at
least 80% of the total variance.

Komosa and Purzyc (2009) evaluated Konik and
Hucul horses in Poland and found that six components
were necessary to explain 66% of the total variability,
represented by 25 metric traits. On the other hand,
Hosseini et al. (2016) evaluated three Iranian horse
breeds (Turkoman, Caspian and Kurdish) and found
that two components were necessary to explain at least
70% of the total variance.

In the first principal component for the males and
females, the morphometric measures had roughly
equal contribution in composing the variance, so the
component loadings were close to each other among
the variables. Possibly, due to the correlation in the
same (positive) direction among most variables. The
variable with the lowest loading coefficient in the first
component (front cannon length) presented the highest
loading in the second component.

Brooks et al. (2010) evaluated morphological varia-
tions in horses by studying 1,215 animals of 65 breeds,
ranging from Falabella and American Miniature ponies
to horses of the Ardennais and Clydesdale breeds,
finding that two principal components were neces-
sary to explain 72.3% of the total variance of the 33
measures considered. The authors identified that size
and thickness of the body had only small variations
within specific breeds in comparison to the total varia-
tion observed. In the first principal component of their
study, the loadings were positive and did not exceed
0.20. These findings were possible due to the different
breeds evaluated and the variation of the measure-
ments obtained among them. The results of the com-

ponent loadings were similar to those observed in our
study. Although we used a single breed, the morpho-
logical variation in our study also was high.

Following the methodology of Mardia, Kent and
Bibby (1979), for discarding variables, we identified
that the head width, neck length and thorax height
variables explained the greatest variation of the ani-
mals and should be evaluated. These analyzes allowed
the disposal of 11 study variables. For these results,
only two components were also needed to explain at
least 80% of the variation, as proposed by Johnson and
Wichern (1998).

The selected variables represent different body re-
gions (head, neck and body) and cover a general evalu-
ation of animals. Comparing the measurements dis-
carded by these regions, they showed a high correla-
tion with the selected measurements, head width with
head length and head circumference, thorax height
with withers height, thorax height, croup height, tho-
rax circumference, chest width, front cannon length,
back-loin length, croup length, croup width and body
length, except neck length which would be the only
measurement of the neck.

The selection criteria indicated by the respective
breeders’ association (ABCCPONEI, 2018) must be
adopted by the breeders to control the standardiza-
tion of the breed. However, according to our results,
the measures that explain most of the variation in the
evaluated herds are head width, neck length and tho-
rax height, and should be evaluated for the animals’
racial standardization. Studies of morphometry, repro-
ductive biology and congenital diseases are necessary
to support the selection of animals with high genetic
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potential and to guide crossings to avoid endogamy, to
improve and expand the breed without loss of genetic
diversity.

CONCLUSIONS

The morphometric measures of stallions and mares
of the Brazilian Pony breed presented great variation
within each sex. Only two components among the
stallions and three among the mares were needed to
explain at least 80% of the total variance. The principal
component analysis was able to reduce the number of
variables studied. The measures that explain most of
the variations in the evaluated herds are head width,
neck length and thorax height, and should be evalu-
ated for the animals’ racial standardization.
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