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PAPER                                                 

Early genetic selection of Spanish Trotter Horses by new precocity criteria

Mar�ıa Ripoll�es-Loboa , Davinia Isabel Perdomo-Gonz�aleza , Mar�ıa Dolores G�omeza� ,  
Antonio Molinab and Mercedes Valeraa 

aDepartamento de Agronom�ıa, ETSIA, Universidad de Sevilla, Carretera de Utrera, Sevilla, Spain; bDepartamento de Gen�etica, 
Universidad de C�ordoba Edif. Gregor Mendel Planta baja. Campus de Rabanales. Ctra. Madrid-C�adiz km396a, C�ordoba, Spain 

ABSTRACT 
National trotting races held in Spain between 1990–2022 were used to estimate genetic para- 
meters for 5 precocity criteria: age at first ranked race (AFR), age when the animal reached 50% 
of ranked races (A50%), age when the animal reached the first 10 ranked races (A10), total num-
ber of races in which the animal has competed before the first ranked race (NRC) and percent-
age of first placings/year of participation (PFP), in order to evaluate their usefulness for genetic 
evaluation and their possible inclusion in the Spanish Trotter Horse official genetic program. A 
total of 176,137 records belonging to 4947 animals were used. A Bayesian multivariate BLUP ani-
mal model showed heritability values between 0.08 (NRC) and 0.44 (A10). Medium-high genetic 
co-rrelations were obtained between precocity traits, ranging between −0.78 (A10-PFP) and 0.96 
(A50%-A10). NRC and PFP exhibited negative correlations, with the lowest range for NRC. 
Additionally, a Random Regression Model (RRM) was applied to PFP to evaluate changes in per-
formance during the animals’ sporting life. Heritability values decreased slightly up to 4 years of 
age (0.26–0.17), with a slight increase after the age of 5 (0.22). Genetic and permanent environ-
mental correlations between age groups were in the high range between the nearest age 
groups. Variations of the expected breeding values (EBV) over the trajectory of all the age 
groups allowed us to differentiate robust and plastic animals (animals capable of maintaining 
sporting potential throughout their lives or not). Correlations between the EBV estimated with 
both methodologies evidenced the benefits of PFP for the early selection of performance traits 
in STH. Therefore, the application of an RRM for the PFP trait is recommended as it has shown 
acceptable heritability and adequate correlations with the rest of the precocity criteria studied. 
The incorporation of this trait in the breed improvement program will allow breeders to have 
early genetic information on animal precocity potential and ensure the inclusion of more robust 
individuals in their mating design.
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Introduction

Because of the considerable economic importance 
worldwide of horse breeding for trotter races, the ge- 
netic evaluation of performance traits for trotter 
horses is estimated each year in different countries 
(Swedish standard-bred, �Arnason 1999; German, R€ohe 
et al. 2001 and Bugislaus et al. 2005; French, Langlois 
and Blouin, 2004, 2006; Italian, Pieramati et al. 2007, 
2011; and Spanish trotters, G�omez et al. 2010a).

The Spanish Trotter Horse (STH) is of particular sig-
nificance in Spain, participating in approximately 1150 
races annually in 7 hippodromes, with around 650 
horses taking part each year (FECT 2022). As the STH 
is a composite breed (G�omez et al. 2010a), its 

studbook allows the inclusion of breeding stock from 
other trotter populations, with registrations largely 
originating from France, the USA, Sweden, Denmark, 
Italy, and Germany (ASTROT 2022). The main aims of 
the officially approved breeding program, initiated in 
2005, include enhancing functional performance in 
national and international trot competitions, using a 
repeatability multivariate BLUP animal model (G�omez 
et al. 2010a). The Association of Breeders and Owners 
of Trotting Horses (ASTROT) annually publishes a 
Catalogue of Breeding Stock, selecting animals based 
on genetic criteria through breeding value estimations, 
to plan a better selection policy than simply mass 
selection based on phenotype data (Blouin and 
Langlois 2007). The genetic evaluation is based on the 
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following four criteria: a logarithmic transformation of 
the annual earnings, the square root of the per-cent-
age of wins/year, time per kilometre, and the best ra- 
cing time/hippodrome/type of start (G�omez et al. 
2010a), without any age distinction. While the BLUP 
model evaluates each trait as a traversal character, 
assuming that it is controlled by the same genes and 
with the same gene expression levels, regardless of 
the age at which each animal is competing (G�omez 
et al. 2011), evidence suggests that gene expression 
varies between developmental stages and that genes 
affect the traits, changing the physiology and perfor- 
mance of trotter horses (Langlois and Vrijenhoek 2004; 
Bugislaus et al. 2006; G�omez et al. 2010b, 2011).

Trotter horses compete over different distances and 
ages, with careers in Spain spanning from 2 to 
18 years or more. Ricard et al. (2000) advocated for 
economically adaptive horses with superior precocity 
and longevity. Sol�e et al. (2017) conducted a longevity 
analysis in STH, considering that the number of starts 
should align with the industry’s customary emphasis 
on quick returns for invested resources. The most 
prestigious trotting races in Spain, like the National 
Grand Prix, focus on 3-year-old horses, favouring pre-
cocious competitors which can not only start compet-
ing, but also win, at an early age, as in other trotter 
populations (J€aderkvist Fegraeus et al. 2017). 
Therefore, breeders need further information to select 
breeding stocks on the basis of breeding values and 
economic interests, as the key factor to consider is 
that the breeder’s goal is to earn money: owning a 
fast horse is merely a tool to achieve this 
(Thiruvenkadan et al. 2009). For this reason, a horse’s 
precocity and performance over its sporting years, par-
ticularly in racing horses, are crucial considerations for 
breeders when developing their strategies.

Precocity, as a performance trait in trotters, was ini-
tially defined by Minkema (1975) in the Netherlands, 
who quantified it as the money earned in the first 
years compared with the total earnings throughout 
the horse’s entire trotting career. This trait is also a 
prioritised goal in German Trotters (Katona and Distl 
1989). Studies indicate that horses starting their 
careers early tend to outperform others and have 
extended racing longevity (Saastamoinen and Ojala 
1994; Saastamoinen and Nylander 1996).

The aim of this study was to investigate the useful-
ness of five different criteria related with the genetic 
evaluation of precocity in the STH population (age at 
the first ranked race, age of the animal when it 
reaches 50% of ranked races in the reference period, 
age of the animal when it reaches the first 10 ranked 

races, total number of races in which the animal com-
petes before the first ranked race, and percentage of 
first placings in the races by year of participation) to 
evaluate their possible inclusion in the official ge-netic 
program, with the final aim of facilitating genetic 
management for the best selection strategy for 
parents of future competitors in the STH population.

Material and methods

In this study, we used the performance data of the 
Spanish Trot Federation for harness races spanning 
from 1990 to 2022 (FECT 2022). The dataset included 
race times, earnings (adjusted for inflation), and rank 
positions for each participating horse, and main envi- 
ronmental factors such as sex, year of birth, country of 
birth, breeder, owner, trainer, date, hippodrome, race 
distance, type of start (auto-start or handicap), type of 
race (harness or mounted), and driver. A total of 
475,049 records from 8368 animals (4964 males and 
3404 females) were included, with an average partici-
pation rate per horse of 56.8.

To evaluate the heritability of the precocity criteria, 
we included only harness races for national animals 
(registered at birth in the Stud-book of STH) in the 
first 60 months of their life, which was reference 
period for this analysis. Geldings, animals starting their 
sport career after 42 months of life, and animals with 
no registered participation during 12 consecutive 
months were excluded. The final dataset included 
176,137 records, from 4947 different animals, with an 
average of 35.60 records/animal. These animals 
descended from 1851 sires (average progeny by sire 
2.67) and 4478 dams (average progeny by dam 1.10). 
The pedigree file was generated from the official 
genealogical information taken from the STH 
Studbook managed by ASTROT (ASTROT 2022), inclu- 
ding all the ancestors of the animals on record until 
the fourth generation, producing a final total of 
15,938 animals.

The genetic models to estimate the genetic para- 
meters of the precocity traits were designed taking 
into account the results of a general linear model, 
which included all the proposed effects, with only sig-
nificant effects being considered (results not shown). 
To evaluate the criteria of precocity, a multivariate 
BLUP animal model was used to test the following 
five traits:

� Age at the first ranked race (for animals placed 
between 1st to 3rd place in the ranking) measured 
in months (AFR).
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� Age of the animal when it reaches 50% of the 
ranked races in the reference period (A50%).

� Age of the animal when it reaches the first 10 
ranked races (A10).

� Total number of races in which the animal has 
competed before the first ranked race (NRC).

� Percentage of first placings (1st to 3rd) in the races 
by year of participation (PFP).

A genetic analysis was performed, with a Bayesian 
approach via Gibbs sampling using the GIBBSF90þ
module of the BLUPF90 family software (Misztal et al. 
2016). The Gibbs sampler was run for 250,000 rounds, 
with the first 50,000 considered as burn-in and then 
every sample was saved for later analysis. Posterior 
means and standard deviations were calculated with 
POSTGIBBSF90 software (Misztal et al. 2020) to obtain 
estimates of variance components and expected 
breeding values (EBV). Convergence was tested using 
Geweke’s Z-score (Sorensen and Gianola 2002) and 
the Monte Carlo sampling error was computed using 
time-series procedures, as described by Geyer (1992). 
The Monte Carlo standard errors were close to zero, 
ranging between 0.0006 (A50%) and 0.008 (PFP) which 
indicates convergence. Lack of convergence was not 
detected by the Geweke test, ranging between −1.231 
(PFP) and 0.6020 (NCR), since all values were between 
−2 and 2. The models in matrix notation were:

AFR : yi ¼ lþ trþ Xibþ Ziuþ e
A50%andA10 : yi ¼ lþ nrr1 þ nrr2 þ Xibþ Ziuþ e

NCR : yi ¼ lþ tfrrþ Xibþ Ziuþ e
PFP : yi ¼ lþ ageþ nrr1 þ Xibþ Ziuþ e

:

where y is the vector of observations, m is the overall 
mean, tr is a covariate representing time in the race in 
seconds, nrr1 is a covariate representing the number 
of registered races, nrr2 is a covariate representing the 
number of ranked races, tfrr is a covariate represen- 
ting the time needed for the first ranked race, age is a 
covariate representing the age at the first race in days, 
b is the vector of the systematic effects, u is the vec-
tor of the additive genetic effects, Xi and Zi are inci-
dence vectors for systematic, additive genetic effects, 
respectively, and e is the vector of residuals. Genetic 
effects u was assumed to be Gaussian. The different 
effects included in the models are described in Table 
1. A multivariate model was also used to estimate the 
genetic correlations between the traits analysed, with 
a Bayesian approach, using a single chain of 250,000 
iterations with a burn-in of 50,000 and then each sam-
ple were saved to obtain the posterior mean and pos-
terior standard deviation of estimates in GIBBSF90þ

and POSTGIBBSF90 programs (Misztal et al. 2020). For 
each trait, we used the same model as with the uni-
variate models (described before).

Finally, PFP was also evaluated using a Random 
Regression Model (RRM) methodology, in which the 
(co)variance components throughout the trajectory of 
the animal’s age measured in years were estimated. 
We used a univariate animal model with second 
Legendre Polynomials following the genetic model 
described in Table 1. The basic idea underlying all 
RRM consists of modelling the additive genetic values 
(or other random effects in the model) as a function 
of an observed dependent variable (i.e. age) through a 
set of random coefficients. The second-order Legendre 
polynomial model can be described as:

y ¼ bþ
Xp−1

k¼0

bkXk þ
Xp−1

k¼0

aikZk þ
Xp−1

k¼0

likWk þ e 

where y is the vector with n observations of PFP and 
b is the vector of fixed effects. bk are k coefficients of 
fixed regression of the PFP trajectory in over-age 
horses with second order orthogonal Legendre poly-
nomials. Four age ranges were considered (2 to 5 years 
old). The terms aik and lik refer to sets of random 
regression coefficients of second-order associated with 
the animal’s additive genetic function and the per-
manent environmental function, respectively, and e is 
the residual. X, Z and W are incidence matrices rela- 
ting observations with the new parameters in b, a and 
l, respectively. In this RRM model, the expected 
(co)variance components were assumed to be:

Var
G
P
R

2

4

3

5 ¼

A� G 0 0
0 Ip� P 0
0 0 In� R

2

4

3

5

in which G is an additive genetic (co) variance matrix 
among all the animals, P and R are respective (co)vari-
ance matrices among permanent environments and 
residuals, A is the relationship matrix between all the 
animals in the pedigree, Ip and In are identity matri-
ces of the respective order number of animals with 
their own record (p) and number of records (n), and �
is the Kronecker product.

Gibbs sampling, computed using GIBBSF90þ soft-
ware (Misztal et al. 2020), was used to obtain marginal 
posterior distributions for PFP parameters, using a sin-
gle chain of 250,000 iterates with a burn-in of 50,000 
and then each sample were saved for later analysis. 
The samples saved were used to obtain the posterior 
mean and posterior standard deviation of estimates, 
using the POSTGIBBSF90 program (Misztal et al. 2020). 
(Co)variance components, heritability parameters (h2), 
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the fraction of phenotypic variance (c2), permanent 
environmental (rpe), additive genetic correlations (rg), 
and estimated breeding values (EBV) throughout the 
different ages were estimated using the procedure 
described by Jamrozik and Schaeffer (1997).

For each animal, we calculated the product 
between the solution for each Legendre polynomial 
and the Legendre polynomial value for the co-rres-
ponding age, as well as the corresponding estimated 
breeding value, which was the aggregate value for 
each age.

Finally, we calculated the phenotypic correlations 
between the EBV obtained from the multivariate BLUP 
animal model of the five traits and the EBV obtained 
for each of the age groups with RRM.

Results

The descriptive statistics for the precocity traits ana-
lysed in the STH population are presented in Table 2. 
As can be seen, on average, animals achieve their first 
ranked race at 33.05 months, with 40.99 months being 
the average age when the animals reach 50% of their 

ranked races in the reference period (60 months). 
Additionally, the animals reach their first 10 ranked 
races at an average of 42.31 months, and participate in 
an average of 3.34 races before their first ranked race. 
In addition, it takes 37.80% of the races they compete 
in yearly at this early stage of their sportive career for 
them to rank between 1st to 3rd position.

Dispersion of data distribution was measured using 
the coefficient of variation (CV), which shows the lo- 
west value for A50% (17.69%) and the highest for NRC 
(105.99%). Traits related with the animal’s age (AFR, 
A50% and A10) exhibited very close CV values, from 
17.69% to 20.76%.

The genetic parameters for precocity traits analysed 
with a multivariate BLUP animal model in the STH 
population are shown in Table 3. Heritability values 
were of medium-low level, varying from 0.08 (0.021) 
for trait NRC to 0.44 (0.033) for trait A10. The highest 
genetic correlation was obtained between A50% and 
A10 (0.96; s.d.¼ 0.011), whereas the lowest values 
(�0.06) were obtained between AFR and NRC and A10 
and NRC, with 50% of them negative. There is no evi-
dence of a relationship between AFR-NCR and A10- 
NCR (p 6¼ 0 is 0.60 and 0.72, respectively).

The percentage of first placings (1st to 3rd) in the 
races by year of participation (PFP) was also analysed 
as a function of the animal’s age using an RRM. The 
genetic parameters (heritability and variance compo-
nents) are shown in Table 4.

The average heritability value was 0.22, varying 
from 0.17 (for 4-year-old animals) and 0.26 (for 2-year- 
old animals), while the repeatability parameter showed 
a high value (between 0.41 and 0.64), which implies 

Table 1. Description of the genetic models used for the genetic evaluation of the five precocity criteria analysed in Spanish 
Trotter Horses.
Trait Model Covariates Fixed effects (number classes)

AFR Animal Time in the race (seconds) Sex (2: male, female) 
Type of start (2: auto-start, handicap) 
Race distance (3: <1800 m, 1800–2150 m, >2150 m) 
Hippodrome (4: Son Pardo, Manacor, Mah�on, others) 
Race earningsa (3: <100e, 100–199e, �200e)

A50% Animal Total number of registered races 
Total number of ranked races

Sex (2) 
Total earningsa in the 50% of ranked races/number of ranked races

A10 Animal Total number of registered races 
Total number of ranked races

Sex (2) 
Total earningsa in the first 10 ranked races/10

NRC Animal Time needed for the first ranked race 
(difference between age at first ranked race 
and age at first race in days, to one 
decimal point)

Sex (2) 
Age in months for the first ranked race (3: 14–24, 25-36, >36 months)

PFP Animal Age at first race in days 
Total number of registered races

Sex (2) 
Total earningsa in 60 months/number of ranked races

RRM Age at first race in days 
Number of races evaluated by age group

Sex (2) 
Lustrum of birth (7) 
Earningsa/number of ranked races by age group (3)

where AFR is the animal’s age at first ranked race; A50% is the animal’s age when it reaches 50% of ranked races in the reference period (60 months of 
life); A10 is the animal’s age when it reaches the first 10 ranked races; NRC is the number of races in which the animal competes before the first ranked 
race; PFP is percentage of first placings (1st to 3rd) in the races by year of participation, and RRM is random regression model.
aEarnings were considered an indirect measure of race level and were corrected for inflation before use.

Table 2. Descriptive statistics for the five precocity traits ana-
lysed in the Spanish Trotter horse population.
Traits Mean ± s.e. Minimum Maximum CV (%)

AFR 33.05 ± 0.106 14.90 60.00 20.76
A50% 40.99 ± 0.113 16.74 58.48 17.69
A10 42.31 ± 0.160 19.35 58.90 18.96
NRC 3.34 ± 0.053 1.00 42.00 105.99
PFP 37.80 ± 0.285 1.49 100 49.74

Abbreviations of the traits analysed in Table 1. s.e. is the standard error 
and C.V. is the coefficient of variation.
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that the animal’s potential for this trait can be 
achieved with a very low number of controls. The 
highest genetic correlations were, as expected, 
obtained between the nearest age groups (0.89 
between 2–3 years; 0.87 between 3–4 years and 0.74 
between 4–5 years), while the lowest values were 
obtained between the furthest age groups (0.24 
between 2–5 years). In addition, the permanent envi- 
ronmental correlations were not constant over age 
groups, oscillating from 0.19 (2 to 4-year-olds) to 0.83 
(3 to 4-year-olds). The highest estimates of additive 
and permanent environmental variances for PFP were 
obtained for the 2-year-old group (168.02 and 245.98, 
respectively), while the lowest additive variance was 
obtained for the 4-year-old group (69.38) and the lo- 
west permanent environmental variance was found for 
3-year-olds (94.27), which was similar to that obtained 
for the 4-year-old group (94.86) (results not shown).

Figure 1 shows a graphic representation of the evo-
lution of EBV throughout the different age groups 
analysed for PFP, including 6 representative STH ani-
mals. Three different types of animals can be 
observed: animals A, B, C and F are plastic animals 
whose EBVs vary through the different age-groups, 
either increasing (3 and 6) or decreasing (1 and 2), 
whereas animals D and E are stable, with an EBV that 
does not change over the trajectory of the age 
groups.

Finally, Table 5 shows the correlations between the 
EBV obtained from the multivariate BLUP animal 
model of the precocity criteria analysed, and the EBV 

obtained for each age group for the PFP trait using 
RRM methodology. The values obtained were of low- 
medium range, ranking between 0.04 (A50% – age 
group 5) and 0.71 (PFP – age group 3), in absolute 
values. NRC had the highest values (from −0.58 to 
−0.71, with an average of −0.66), all of which were 
negative, while A50% presented the lowest values 
(from 0.04 to −0.21, with an average of −0.12), with 
positive values obtained for only 25% of the estima-
tions (A50%-group 5 and PFP in all age groups).

Discussion

Due to the unequal distribution of race prizes in 
Spain, breeders are more interested in races with 
young horses than those with adults and aim to find 
precocious animals in their stables. Here, precocity 
selection criteria, which can be measured early in life, 
can help them to make an early selection of animals 
for sport uses, thus saving money and time. Also, ani-
mals with a long sporting life are of particular interest 
to their owners, because they have more time to 
recover their investment by winning prizes.

According to Mota and Oliveira (2000), a low star- 
ting age and the ability to perform well at an early 
age are desirable characteristics in racehorses, because 
they improve the profitability of horse breeding and 
maintenance, which is a key factor in the racehorse 
sector. Therefore, in the present study, we used ran- 
king information obtained in the official trotter races 
held in Spain to estimate five different traits consi- 
dered as indirect measures of precocity in the STH, 
which can facilitate genetic management of the best 
selection strategy of parents for the future competitors 
in the STH population. Such a tendency to precocity is 
very often used as a tool for gaining rapid profitability 
and is of enormous economic importance in trotter 
races held in Spain due to the large amounts of 
money given out as prizes at races involving young 
horses.

Ranking in competitions has been traditionally used 
in the genetic evaluation of race horses all around the 
world (Swedish trotter, Arnason et al. 1982; French 

Table 3. Genetic parameters (heritability in the diagonal and genetic correlations (rg) above the diagonal) for the 
five precocity traits analysed with a bayesian multivariate animal model in the Spanish Trotter horse population.
Traits AFR A50% A10 NRC PFP

AFR 0.30 (0.032) 0.90 (0.023)� 0.91 (0.026)� 0.03 (0.122) −0.74 (0.051)�

A50% 0.42 (0.032) 0.96 (0.011)� −0.12 (0.106) −0.60 (0.055)�

A10 0.44 (0.033) 0.06 (0.105) −0.78 (0.033)�

NRC 0.08 (0.021) −0.59 (0.083)�

PFP 0.32 (0.032)

Abbreviations of the traits analysed are shown in Table 1. Standard deviations in brackets.
�p¼ 1 (rg 6¼ 0) probability of genetic correlation is different than zero.

Table 4. Estimates of repeatability (t), heritability values (in 
the diagonal), additive genetic (above the diagonal) and per-
manent environmental (below the diagonal) correlations 
between the different age groups analysed for the trait per-
centage of first placings (1st to 3rd) in races, by year of par-
ticipation (PFP) as a function of the animal’s age, using a 
Random Regression Model.
Age-group t 2 3 4 5

2 0.64 (0.414) 0.26 (0.348) 0.89 0.61 0.24
3 0.44 (0.237) 0.60 0.22 (0.257) 0.87 0.39
4 0.41 (0.299) 0.19 0.83 0.17 (0.386) 0.74
5 0.53 (0.402) 0.29 0.37 0.64 0.22 (0.462)

Standard deviations in brackets.
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trotter, Langlois 1982; Finnhorse and Standardbred 
trotter, Ojala 1987 and P€os€o and Ojala 1997; German 
trotter, R€ohe et al. 2001 and Bugislaus et al. 2004; 
Spanish trotter, G�omez et al. 2010a). It is an index 
which allows us to compare the performance of one 
horse with another in the same competition, and 
therefore permits a direct comparison between diffe- 
rent animals in a race. This is the main reason why 
ranking results were used to describe the precocity cri-
teria used in this analysis. According to Thiruvenkadan 
et al. (2009), ranking traits, such as the percentage of 
first placings, reflect a horse’s temperament, its spirit 
and willingness to win. Bokor et al. (2005) stated that 
ranking traits are comparable between countries, and 
according to Ojala (1989), the percentage of first to 

third placings reflects a horse’s level relative to that of 
its mates in the same race (Ojala 1989).

The dispersion of the data distribution shows the 
existence of sufficient variance in the dataset analysed 
to use these traits in genetic evaluation in the official 
breeding program of STH. Besides, based on mean va- 
lues derived from the traits analysed (Table 2), we can 
affirm that the STH population requires an average of 
3.34 participations to achieve a ranked outcome in 
official competitions. This accomplishment marks the 
attainment of the first economic prize in their sporting 
trajectory, ensuring a prompt return on the financial 
resources invested by breeders and owners. The num-
ber of participations ranged from 1 to 42, indicating 
considerable variability and thereby establishing an 
adequate base for potential genetic selection of the 
animals by this trait.

In Spain, animals as young as 2 years old are per-
mitted to participate in official races. Generally charac-
terised by their precocity, the STH breed initiates its 
economic performance and profitability at an average 
age of 2.75 years (33.05 months), with the most impor-
tant races in Spain (those with the biggest prize 
money) being organised for 3-year-old horses, as 
exemplified by prestigious events such as the National 
Grand Prix at the Son Pardo Hippodrome. Our findings 
further reveal that STH animals achieved rankings in 

Figure 1.  Graphic representation of evolution of the estimated breeding values (EBV) throughout the age groups for the trait 
percentage of first placings (1st to 3rd) in races, by year of participation (PFP) for 6 representative Spanish Trotter Horses.

Table 5. Correlations between the estimated breeding values 
obtained from the multivariate BLUP animal model of the five 
traits and the estimated breeding values obtained for each of 
the age groups with the trait of the percentage of first plac-
ings (1st to 3rd) in races, by year of participation, using a 
Random Regression Model.
Age group AFR A50% A10 NCR PFP

2 −0.403 −0.214 −0.356 −0.670 0.677
3 −0.424 −0.194 −0.350 −0.706 0.711
4 −0.377 −0.106 −0.265 −0.698 0.662
5 −0.230 0.044 −0.091 −0.577 0.470

Abbreviations of the traits analysed are shown in Table 1.
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37.8% of the races in which they participated. This 
underscores the positive outcomes reflected in an 
average trait value (A50%) of 41 months of age, signi-
fying the point at which 50% of races were success-
fully ranked during the reference period.

The age when trotter horses first start racing was 
analysed by Saastamoinen and Nylander (1996), who 
stated that the ability to begin their career early and 
perform well at an early age is a desirable feature in 
these horses. Saastamoinen (1991a, 1991b) observed 
that trotters broken in at 1 or 1.5 years of age and 
reaching their first ranking by 3 years of age were sig-
nificantly faster (by 2.1s), and had a larger number of 
starts and higher earnings by 5 years of age than 
those broken in at the age of 2 or 3. Also, Burns et al. 
(2006) affirmed that the age when they start their ca- 
reer has a significant impact on career longevity, while 
a lack of ability contributed to the loss of animals, 
because a significant proportion of horses may be 
retired due to injury or disease associated with trai- 
ning and racing. We selected the age at first ranked 
race (AFR) as a selection criterion in this analysis, 
because of the importance of obtaining good results 
early, rather than just a precocious starting age.

The average number of races registered for a horse 
within the first 60 months of its life was 35.6, with 15 
the average number of ranked races by a horse within 
this period. This gives the traits A50% and A10 very 
close average values (41.0 and 42.3 months, respec- 
tively) and CV (17.69% and 18.96%, respectively). 
However, although there is high genetic correlation 
between them (0.96; Table 3), both traits can be con-
sidered as selection criteria in the genetic analysis for 
precocity, because possible changes in phenotypic 
averages over time could change the genetic 
estimations.

Higher heritability values signify a favourable 
response to selection, whereas traits exhibiting lower 
values would require greater selection efforts to attain 
a positive response within a population. Here, the 
highest heritability was obtained for A10 (0.44), while 
the lowest was obtained for NRC (0.08; Table 3). This 
lower value shows the important influence of environ-
mental effects on the number of races in which the 
animal competes before its first ranked race, and it is 
a trait which is mainly influenced by the decisions 
made by owners and trainers. A heritability value of 
0.30 was obtained for AFR. This trait showed a wide 
range of variation in the bibliography for similar traits, 
varying by breed and author, from 0.02 in Finnhorses 
(Saastamoinen and Ojala 1991) to 0.86 in Swedish tro- 
tters (Braam et al. 2011). Another analysis reported 

intermediate values in Finnhorses (0.06, Saastamoinen 
and Nylander 1996) and Standardbred trotters (0.14, 
Saastamoinen and Ojala 1991; Saastamoinen and 
Nylander 1996).

As stated by Saastamoinen and Nylander (1996) in 
Standardbred and Finn-horse trotters, based on the 
heritability analysis of their age at first qualifying start 
(0.07 and 0.05, respectively), passed qualifying start 
(0.15 and 0.04, respectively) and first race (0.14 and 
0.05, respectively), the age when they began their 
sport career was mainly conditioned by environmental 
factors, such as decisions of owners and trainers or 
injuries. However, the results obtained also show the 
existence of genetic differences in precocity, sound-
ness and ability to respond to training in the different 
trotter populations.

The PFP shows a heritability of 0.32 in the STH, 
which is higher than the values obtained in most of 
the studies we reviewed (0.14 in STH, G�omez et al. 
2010a; 0.18 in Finnish horses, Ojala and van Vleck 
1981; 0.19 in North-Swedish and Standardbred tro- 
tters, R€onninger 1975 and Ojala 1987, respectively; 
0.22 in Finnish horses P€os€o and Ojala 1997; 0.25 in 
Nordic and Icelandic trotters, Arnason 2008; and 0.26 
in Swedish trotters, Arnason et al. 1982) and the same 
value as the percentage of first to third placings in the 
Sweden Standardbred (Arnason et al. 1989).

Based on heritability results, precocity traits present 
variable expected responses to selection, with A50% 
(0.42) and A10 (0.43) emerging as particularly high va- 
lues. However, these traits need more time to be 
measured in the animals, a factor which holds up the 
selection process. The PFP can be measured at an ear-
lier stage than other proposed traits, and has shown a 
creditable heritability value of 0.32. However, it is cru-
cial to acknowledge that the response to selection, as 
far as a specific trait is concerned, extends beyond its 
direct impact. It may also lead to a correlated 
response in the other traits analysed, influenced by 
shared genetic correlations and the precision of ge- 
netic evaluations for each trait. In our analysis, high 
genetic correlations were obtained between the traits 
we analysed (Table 3), ranging between −0.78 (A10- 
PFP) and 0.96 (A50%-A10). The highest values were 
obtained between the criteria related with age (AFR, 
A50% and A10), ranging between 0.90 and 0.96, and 
we can therefore affirm that animals which reach their 
first ranked race at an early age also reach 50% of 
ranked races and the first 10 ranked races in their 
sporting life when young. Furthermore, the lowest co- 
rrelation values were obtained for NRC with the other 
criteria proposed for precocity (AFR, 0.03; A10, 0.06 
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and A50%, −0.12), except PFP, which had a medium 
range of correlation (-0.59). These correlations can be 
caused by the greater influence of environmental fac-
tors on NRC, as evidenced by its low heritability (0.08). 
The PFP showed the highest genetic correlations, 
most of which were negative, ranging between −0.59 
(NRC) and −0.78 (A10). It is also important to take into 
account the sign of the correlations when the traits 
are included in the selection program of this popula-
tion. In this way, selection based on PFP also improves 
the results obtained for NRC, with decreased values. 
Besides, according to the results obtained, animals 
with the highest percentage of first placings in the 
races by year of participation (PFP) need less time to 
achieve the proposed performance results (lower AFR, 
A50% and A10) and reach their first ranked race earlier 
in their sport career (lower NRC). As a result, it is not 
necessary to include both precocity traits in the selec-
tion program, and selection by PFP can be effective.

An animal’s sport performance can change during 
its life, not only because of environmental factors such 
as acquired experience or the animal’s maturity, but 
also because their genetic potential can evolve. These 
changes have been documented by several authors in 
different horse breeds (German Trotters, Bugislaus 
et al. 2006; Brazilian Thoroughbred, Buxadera and 
Mota 2008; Spanish Trotter Horses, G�omez et al. 
2010b, 2011; Hungarian Sporthorses, Posta et al. 2010; 
Spanish Sport Horses, Bartolom�e et al. 2013; Arabian 
Horses, €Onder et al. 2022). Therefore, the application 
of RRM allows us to differentiate animals with a good 
genetic performance in the first years of life, but 
whose genetic potential decreases with their physio-
logical maturity, from those animals whose potential 
increases with age, or other robust animals without 
changes in their genetic performance throughout their 
lives. For example, Langlois (1982) observed an 
increase in racing speed with increased age and heri- 
tability values in French trotters. These changes in the 
performance of individual animals with age could be 
influenced by genetic factors (Atchley 1998). In fact, 
there may be different genes affecting the trait 
depending on the animal’s age which activate or 
deactivate their action, thus changing the physiology 
and, as a result, the performance of trotters (G�omez 
et al. 2010b, 2011). In this context, to assess the evolu-
tion of an animal’s performance over its lifespan, an 
RRM was used as the most suitable tool for modelling 
traits that undergo continuous, gradual changes in 
time and are measured repeatedly for each individual. 
The RRM has proved effective in estimating genetic 
potential and describes the genetic variability over 

various external factors, such as race distance (G�omez 
et al. 2010b) or the animal’s age (G�omez et al. 2011) 
in the case of the STH.

Table 4 shows the genetic parameters obtained for 
the PFP as a function of the animal’s age. The heri- 
tability values show a gradual decrease up to the age 
of 4, from 0.26 to 0.17. However, a subtle upturn is 
noted from the age of 5, reaching 0.22. These values 
are slightly lower than those obtained with the 
Bayesian animal model (0.30) applied before, but also 
are within the range of those reported in the biblio- 
graphy reviewed. The average heritability value for 
PFP ranged between 0.14 in STH (G�omez et al. 2010a) 
and 0.25 in Swedish Trotter Horses (Arnason et al. 
1982), with intermediate values in Finnish Horses 
(0.18, Ojala and van Vleck 1981) and in Standardbred 
and Finnhorse trotters (0.19 and 0.22, respectively, 
accor-ding to P€oso and Ojala 1997). Besides, the evolu-
tion of heritability values for PFP over different ages 
has been analysed by other authors. Arnason et al. 
(1989) and Ojala (1987) obtained the highest values at 
early stages and a decrease in heritability values with 
age in Sweden Standardbred (0.32-0.24), Finnish 
horses (0.23-0.21) and Standardbred trotters 
(0.22-0.16).

The results obtained for the genetic and permanent 
environmental correlations between the different age 
groups were in the medium-high range, being higher 
between the nearest age groups and lower between 
the furthest ones, as expected. The genetic correla-
tions observed in PFP at various ages therefore need 
to be considered from a different perspective to selec-
tion. Notably, the permanent environmental correla-
tions show variability across age groups. These 
differences suggest that environmental and non-addi-
tive genetic effects (dominance and epistatic effects) 
do not remain constant as the participating horse’s 
age increases. As noted by Hohenboken (1985), certain 
environmental effects impacting repeated measures of 
the trait in the same animal appear to be of a semi- 
permanent, rather than permanent, nature.

The existence of genetic differences in an animal 
over age, or other environmental effects, indicates the 
existence of an underlying genotype by environmental 
interaction which in evolutionary genetics is called 
plasticity (Jong and Bijma, 2002). In this sense, plastic 
animals are those whose sport performance/genetic 
potential can change with the environmental condi-
tions (for example, over age) and robust animals are 
those which maintain the same sport performance/ 
genetic potential regardless of the environmental con-
ditions in which they participate.
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Figure 1 shows a graphic representation of the evo-
lution of EBV throughout the different age groups 
analysed for PFP in 6 representative STH. Three diffe- 
rent types of animals can be observed: animals A, B, C 
and F are plastic animals whose EBVs vary through 
the different age groups, increasing (F and C) or 
decreasing (A and B) with age, whereas D and E are 
robust animals, whose EBV do not change significantly 
over the whole trajectory of ages analysed. This is of 
great interest for the selection of animals using preco-
city criteria, because the evidence for variations in EBV 
over the trajectory of age groups shows that ranking 
traits cannot be considered as the same character in 
all age groups, as stated by Buxadera and Mota 
(2008). Therefore, in comparison with the classical 
repeatability model, the RRM provides a larger amount 
of informative data for the selection process, which 
allows for a higher level of discrimination between 
animals that could be selected as breeding stock for 
the next generation, according to the interests of each 
breeder. However, as regards the use of the PFP trait 
as a precocity criterion, this methodology requires a 
longer time period of productive control, which means 
postponing the selection decision until the animal is 
at least 6 years old. Nevertheless, this is not a problem 
currently in the STH population because the majority 
of the stallions are 7 years old or older when their first 
offspring is registered in the official Studbook. 
Therefore, a total of 5 years of sport information (2– 
6 years old) is always available for their breeding 
evaluation.

Finally, the correlations between the EBV obtained 
with both methodologies (Table 5), showed that for 
age traits (AFR, A50% and A10), correlations decrease 
as the age increases. This could be caused by the high 
percentage of animals which reach a high PFP at early 
ages, which also helps them reach their objectives in 
sport (A50% and A10) early in life. For NCR, the results 
show that animals with higher PFP values at 2, 3 and 
4 years of age need fewer participations to reach their 
first ranked race. Similarly, correlations for PFP com-
paring both methodologies show that a high global 
EBV for PFP is closely related with a high EBV at 2, 3 
and 4 years old, although the correlation is lower with 
the 5-year-old group.

Conclusions

The genetic parameters obtained show the potential 
for enhancing precocity through a well-designed 
selection program rooted in genetic evaluation, with 
the exception of NRC due to its constrained heritabi- 

lity value and its low, negative genetic correlations 
with other traits. However, by increasing the number 
of traits to be included in the selection process, there 
is a risk of obtaining a lower response to selection, 
and it is therefore advisable to incorporate PFP into 
the genetic breeding program for STH, because it 
allows the early selection of STH animals by their early 
performance (since they start their sport career at 
2 years old) and shows adequate correlations with the 
other precocity traits. This recommendation aims to 
provide breeders with more objective insights for 
selecting breeding stock and devising mating stra- 
tegies based on precocity.

While the application of an RRM to assess genetic 
variations in animals across a wide range of ages con-
sidering the plasticity or robustness of their sport per-
formance may be of considerable interest, it also 
introduces a delay in the selection process. 
Nevertheless, complementing genetic selection by 
ensuring the inclusion of robust individuals remains 
crucial for breeders, thereby guaranteeing an 
adequate lifespan. So, the use of RRM is highly recom-
mended because the majority of breeding stocks do 
not start their reproductive career early, as they are 
used for sport.

The genetic correlations we have obtained indicate 
the potential for inducing genetic changes in a preco-
city trait through direct selection on another trait. 
However, in order to establish suitable breeding goals, 
it is vital to systematically consider and analyse the 
relationship of these traits not only with the perfor- 
mance traits analysed in this population, but also with 
longevity traits, which are of great interest to owners.
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