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Objective: Temperament can be defined as a type of behavioral tendency that appears in a
relatively stable manner in responses to various external stimuli over time. The aim of this
study was to estimate genetic parameters for the records of temperament testing that are used
to improve the temperament of Jeju crossbred (JejuxThoroughbred) horses.

Methods: This study was conducted using 205 horses (101 females and 104 males) produced
between 2010 and 2015. The experimental animals were imprinted and tamed according to
the Manual for Horse Taming and Evaluation for Therapeutic Riding Horses and evaluated
according to the categories for temperament testing (gentleness, patience, aggressiveness,
sensitivity, and friendliness) between 15 months and 18 months of age. Each category was
scored on a five-point linear scale. Genetic parameters for the test categories were analyzed
using a multi-trait mixed model with repeated records. The ASReml program was used to
analyze the data.

Results: The heritability of gentleness, patience, aggressiveness, sensitivity and friendliness
ranged from 0.08 to 0.53. The standard errors of estimated heritability ranged from 0.13 to
0.17. The test categories showed high genetic correlations with each other, ranging from 0.96
t0 0.99 and high repeatability, ranging from 0.70 to 0.73.

Conclusion: The results of this study showed that the test categories had moderate herita-
bility and high genetic correlations, but additional studies may be necessary to use the results
for the improvement programs of the temperament of Jeju crossbred horses.

Keywords: Temperament; Heritability; Repeatability; Genetic Correlation;
Jeju Crossbred Horses

INTRODUCTION

A number of animal behavior studies have reported individual differences in behavioral
characteristics, other than those associated with variables such as sex or age [1]. The be-
havioral responses expressed when an animal faces a specific situation are influenced by
its temperament [1]. Temperament is regarded as a type of behavioral tendency that ap-
pears in a relatively stable manner across various situations and over time [2].

Horses have been genetically improved for various purposes, such as sports, leisure, and
horseracing, and are categorized by morphological body confirmation or breed. The major
traits for which horses have been improved include body size, racing speed, as well as strength,
and some behavioral traits have also been enhanced. Temperament is regarded as an im-
portant factor to determine the usability of horses. For example, a survey of the members
of the Pony Club in Australia, a youth organization that provides programs for horses and
riding, reported that the temperament of horses (e.g., quietness, reliability, and stability) were
more important traits for horses at the Pony Club than their body type, ridability or purchase
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price [3]. In addition, eleven Warmblood Horse Associations
in Europe have established criteria for the temperament of
horses and use them to evaluate horse breeds [4].

Multiple studies have been conducted to estimate genetic
parameters for temperamental traits in livestock. Gauly et al
[5] reported the possibility of selecting the temperament of
cattle by estimating genetic parameters for temperamental
traits in the German Angus and Simmental breeds. Lucena
et al [6] also estimated heritability of temperamental traits in
Nellora cattle. They reported moderate level of heritability for
the temperamental trait [6]. In sheep, Zambra et al [7] dem-
onstrated that the temperament of Uruguayan Merino and
Corriedale sheep is moderately heritable. In cases of horses,
there is a study estimated genetic parameters for the behavioral
response of Thoroughbred horses at medical checkups for
horseracing [8]. Another study estimated the heritability of
the reactivity of Danish Warmblood horses in field tests [9].
The results showed that the heritability of temperament was
estimated at a moderate level [10]. Thus, it is possible that sys-
temic breeding programs could be implemented to improve
the temperament of livestock including horses.

Jeju horse is a Korean native horse breed which lives in Jeju
Island, Republic of Korea. Jeju horses have lived in Jeju Island
more than 1,000 years and they possess several notable char-
acteristics (e.g., height: 115 to 125 cm; weight: 230 to 330 kg;
higher muscular endurance; robustness). The horses used in
this study were crossbred between Jeju and Thoroughbred
horses. This crossbred was established to use as a riding horse.
The Jeju horse is described as a rather small to be used for
riding, while Thoroughbred horse has a good body form for
racing. Hence, we crossed the two horse breeds to generate a
new synthetic breed which is appropriate for riding. We be-
lieve that the most important aspect for a riding horse is safety.

Table 1. Description of temperament characteristics
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Thus, we intend to enhance temperamental traits directly
associated with safety such as gentleness by collecting and
analyzing temperamental trait data. This study was performed
to estimate genetic parameters for the records of the temper-
ament testing that are developed to improve the temperament
of Jeju crossbred horses (JejuxThoroughbred).

MATERIALS AND METHODS

Animals

We established resource pedigrees by crossing Jeju and Thor-
oughbred horses. All the experimental animals were raised
at the Subtropical Livestock Research Institute, the National
Institute of Animal Science, Republic of Korea. For the F, gen-
eration, we produced 163 animals (82 male, 81 female). The
F, progeny were then intercrossed to produce 37 (20 male,
17 female) F, progeny. In addition, F, male horses were back-
crossed to Jeju mares, producing five horses (3 male, 2 female).
A total of 205 horses from 6 sires and 88 dams were used for
the estimation of genetic parameters. All the males were not
castrated in this study. The experimental animals were pro-
duced between 2010 and 2015 (Table 1).

The horses used for analysis of the study were managed in
individual horse stables with their dams for seven to ten days
after delivery, and were imprinted and tamed during this pe-
riod. The foals were then grazed with their mother horses
until weaning. They were weaned three to four months after
birth and raised in a horse barn as one group. The imprinting
and taming was done according to the Manual for Horse
Taming and Evaluation for Therapeutic Riding Horses [11].
This study was performed according to the animal care guide
lines of the institutional Animal Care and Use Committee at
the National Institute of Animal Science, Republic of Korea.

Classification Description

- Observe how well a horse endures pain by gently pinching its neck and flank, or tapping on the body several times in a row; also, check if

Gentleness Tendency of staying in conformity while a horse is held by manager
- Observe behavior when a horse is standing by itself
Patience Capacity to endure with external stimuli or boredom
the horse can endure about 30 minutes of boredom
Aggressiveness Hostile status for a man or horse such as kicking or biting
- Observe if a horse behaves aggressively, such as biting or kicking, when approached by a person, another horse, or other animals
- Observe if a horse scratches its forelegs, kicks the ground with its forelegs, shakes its head and body, or makes threatening sounds
- Observe especially if a horse attacks from the back
- Observe if a horse jumps excessively without a special reason and if it can be controlled
Sensitivity Reaction to circumstance, sound and object etc.
- Observe if a horse frequently looks around and reacts to the movement of a small object or faint sound
- Observe a horse’s reaction when it is approached by new objects on its body or close to its face
- Observe how a horse reacts when it hears a sudden loud noise or the sound of many people clapping
- Observe the reaction when a horse is approached by a person acting violently and screaming
Friendliness Friendly response when approaching a person

- Observe if a horse has a friendly reaction when approached by a person and if it refuses that person’s touch on its head or neck
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Behavioral data collection

The temperament of the experimental animals was evaluated
when they were between 15 months and 18 months of age.
The temperament evaluation was carried out annually, and
three or more horse managers with at least one year of expe-
rience evaluated the categories for temperament testing from
the Manual for Horse Taming and Evaluation for Therapeutic
Riding Horses [11]. The horse managers assigned scores to
each horse for the test categories of gentleness, patience and
friendliness on a five-point linear scale for each category. On
the five-point linear scale, one point indicated “very bad,” and
five points indicated “very good” As for aggressiveness and
sensitivity, five points indicated the lowest tendency of aggres-
siveness and sensitivity. Therefore, we can also regard these
individuals with five points in the aggressiveness and sensi-
tivity tests as mild individuals (Table 1). The temperament of
each horse (age: 15 to 18 months) was simultaneously assessed
once by the 3 to 4 evaluators. When the horses were evaluated
in an open space, each horse was held by each manager.

The record regarding the temperament of 205 horses pro-
duced between 2010 and 2015 was assessed by seven evaluators.
Six hundred fifty nine records for gentleness, patience, aggres-
siveness and sensitivity, and five hundred thirty six records
for friendliness, were used for the statistical analysis (Table 2).
With regard to the five categories for temperamental traits in-
vestigated in this study, the mean and standard deviation of
each category are shown in Table 3.

Statistical analysis

The ASReml program was used to estimate the genetic para-
meters and genetic correlations of each temperamental trait
examined in this study (VSN international, Hemel Hempstead,
UK) and a multi-trait mixed model was used for analysis as
follows:

Y = U + sex;+ year;+ evaluator, + year x evaluator;
+ay+ pet ey,

Where, Yj,,, = observations of each temperament trait,
= the overall mean, sex; = the fixed effect of the ith sex (i =

male, female), year; = the fixed effect of the jth birth year (j =

Table 2. Number of animals by each of the factors

Year No. Sex No. Generation No. Parent No.

2010 40  Female 101 F1 163 Sire 6
2011 35 Male 104 F2 37 Dam 88
2012 39 BC" 5

2013 45

2014 25

2015 21

Total 205 205 205 94

£, male horses were backcrossed to Jeju mares.
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Table 3. Basic statistics of five temperament characteristics in the Jeju crossbred

Trait No. Mean SD Min Max CV (%)
Gentleness 659 3.83 0.98 1.0 5.0 25.6
Patience 659 3.41 1.14 1.0 5.0 334
Aggressiveness 659 3.69 1.1 1.0 5.0 30.1
Sensitivity 659 3.09 1.13 1.0 5.0 36.6
Friendliness 536 3.64 1.08 1.0 5.0 29.7

SD, standard deviation; CV, coefficient of variation.

1,2, ..., 6), evaluator, = the fixed effect of the kth evaluator
(k=1,2,...,7), yearxevaluator; = the fixed effect of year-by-
evaluator interaction, g, = the random additive genetic effect
of the Ith animal ~N(0, Ac’,), where A is the numerator re-
lationship matrix among animals, pe, = the random effect of
the permanent environment ~N(0, Io” »e)> and ey, = the ran-
dom residual effect ~N(0, I”,). The results of significance test
of each fixed effect are shown in Supplementary Table S2. The
predicted values (+standard error) of yearxevaluator are shown
in Supplementary Table S3.

Heritability and repeatability using the variances estimated
as above were obtained as follows:

2 2
2 _ 0'1% oat ope

=—>——and r =
0% + 03¢ + 08

a2 + G;Z;e + 0%

Where, h’= heritability, = repeatability, 02 = additive ge-
netic variance, aﬁe = permanent environmental variance, and
02 = residual variance.

In addition, genetic and phenotypic correlation were esti-
mated by:

_ _COVaxy) COVp(xy)

1T, =
G 2 2 2 2
\/"a(x)"a(y) J"p(x)”p(y)

Where, r; and r,, were the estimates of genetic and pheno-
typic correlations. COV,, , and COV,, , were the genetic and
phenotypic covariance components between a pair of traits

and 1, =

x and y, respectively. 62 and 95 were genetic and phenotypic
variance components, respectively. Restricted maximum
likelihood procedure was used to estimate the (co)variance
components. We used log-likelihood convergence as the con-
vergence criteria. The significance of the variance components
were evaluated by likelihood ratio tests (Table 4).

RESULTS AND DISCUSSION

Basic statistics

With regard to the five categories for temperamental traits
investigated in this study, the mean and standard deviation
of each category are shown in Table 3. The mean score of the
test categories ranged from 3.09 to 3.83. Given that the tem-
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Table 4. Variance components, heritability and repeatability for five temperament characteristics in the Jeju crossbred

Trait oZ o2 0 h’+SE r+SE

Gentleness 0.30%% 0.28 0.36% 0.32+0.17 0.71+0.03
Patience 0.480°" 0.36 0.35%% 0.40+0.16 0.70+0.03
Aggressiveness 0.45°% 0.34 0.340% 0.40+0.17 0.70+0.03
Sensitivity 0.67°% 035 0.25% 0.53+0.15 0.73+0.03
Friendliness 0.09°% 0.31 0.680% 0.08+0.13 0.71+0.03

02, genetic variance; o2, residual variance; o2, permanent environmental variance; h’, heritability; r, repeatability; SE, standard error.
Superscript numbers in parentheses refer to the nominal p-value obtained from likelihood ratio test to evaluate the significance of the corresponding variance component.

peramental trait “sensitivity” marked the lowest mean score,
this trait should be of prime consideration in an attempt to
improve the temperament of this study group. A temperament
evaluation conducted by Kim et al [12] also showed that among
the five temperamental traits, sensitivity marked the lowest
mean scores with 2.9 points for female horses and 3.3 points
for male horses. The present study also verified a similar result
compared with the lowest score shown in sensitivity. The co-
efficient of variation (CV) for the test categories ranged from
25.6% to 36.6%, and sensitivity showed the highest value of
36.6%. The actual data did not follow normal distributions.
However, the residuals of the data, obtained after the model
fitting, showed normal distributions (Supplementary Figure
S1).

Heritability and repeatability estimations

Table 4 presents the variance components and heritabilities
of the data regarding gentleness, patience, aggressiveness, sen-
sitivity, and friendliness in this study. The range of heritability
(and standard error) for gentleness, patience, aggressiveness,
sensitivity, and friendliness were 0.08 to 0.53 (0.13 to 0.17).
These results indicate moderate heritabilities in gentleness,
patience, and aggressiveness, low heritability in friendliness,
and high heritability in sensitivity. The estimated heritability
may be used as basic data for the genetic evaluation of the
temperament in Jeju crossbred horses.

Oki et al [8] reported that the heritability of the behavioral
response of Thoroughbred racehorses at medical checkups
for racing ranged from 0.23 to 0.28, which was similar with
consideration of SE compared to the heritability levels for
gentleness, patience, and aggressiveness in the present study.
The repeatability levels of gentleness, patience, aggressiveness,

sensitivity, and friendliness were 0.68, 0.66, 0.63, 0.66, and 0.69,
respectively. These results indicate high inter-evaluator reli-
ability of the evaluated records.

Phenotypic and genetic correlations
Table 5 presents the genetic and phenotypic correlations of
the data regarding the five categories used for testing the
temperament of horses. The phenotypic correlation between
gentleness and friendliness was 0.67, and the phenotypic cor-
relations between gentleness and aggressiveness, and between
gentleness and sensitivity, were relatively high at 0.81 and 0.78,
respectively. The phenotypic correlation between patience and
sensitivity was at 0.79, but the phenotypic correlations between
patience and aggressiveness, and between patience and friend-
liness, were at 0.77 and 0.61, respectively. The phenotypic
correlations between aggressiveness and sensitivity, aggres-
siveness and friendliness, and sensitivity and friendliness were
at 0.78, 0.65, and 0.65, respectively. The genetic correlations
among the test categories were high, ranging from 0.96 to 0.99.

We used the five-point linear scale (i.e., 1, 2, 3, 4, 5) for each
testing category in this study. One point corresponded to
“very bad”, and five points corresponded to “very good” for
gentleness, patience, and friendliness. When we evaluated
aggressiveness and sensitivity, five points indicated the lowest
tendency of aggressiveness and sensitivity. Therefore, we can
also regard these individuals with five points in the aggressive-
ness and sensitivity tests as mild (gentle) individuals. And this
can be the reason why we could obtain positive correlation
coefficients between gentleness and the two traits.

Kim et al [12] reported that a principal component analysis
on the categories for temperament testing resulted in only one
factor. This finding is concordant to the results of the present

Table 5. Genetic and phenotypic correlation coefficients (-standard error) for five temperament characteristics in the Jeju crossbred”

Trait Gentleness Patience Aggressiveness Sensitivity Friendliness
Gentleness - 0.99+0.04 0.99+0.05 0.98+0.06 0.98+0.01
Patience 0.75+0.03 - 0.99+0.02 0.99+0.04 0.96+0.17
Aggressiveness 0.81+0.02 0.77+0.02 - 0.99+0.06 0.99+0.06
Sensitivity 0.78+0.02 0.79+0.02 0.78+0.03 - 0.97+0.12
Friendliness 0.67+0.04 0.61+0.04 0.65+0.04 0.65+0.04 -

" Genetic correlations are above and phenotypic correlations are below the diagonal.
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study in which genetic correlations among the test categories
were very high. Therefore, the five test categories used in this
study may explain only a single main component. In practice,
we don't need to continue to use all the five test categories. For
example, we may omit friendliness due to the lack of signifi-
cance in the genetic variance component. Additionally, since
the sample size used in this study was moderate, a larger study
should be conducted to estimate more precise genetic pa-
rameters.

In conclusion, the results of this study showed moderate
heritability of the categories for temperament testing and high
genetic correlations among the categories. However, addi-
tional research may be required to use these results for genetic
improvement programs for temperament traits, and additional
categories for temperament testing should be developed and
established to carry out genetic evaluation of the temperament
of various breeds of horses.
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