
Introduction

In 2004, the Quarter Horse breed began to lead the

horse commercialization rankings in Brazilian

auctions, offering 2683 animals in 74 auctions, in

which trading turnover was approximately 11 mil-

lion US dollars, or 27% of the total commercializa-

tion in this area in the country (Campos 2005).

Characterized by its functional versatility, the

Quarter Horse presents abilities in several sporting

modalities, like reining, lasso, western riding, trail,

as well as for use in the field. In spite of this variety

of activities, the predominant selection traits are

robust and rapid animals. This fact distinguished

this horse in short-distance races, and later gener-

ated a lineage within the breed (ABQM 2002).

In this respect, the Quarter Horse breeders created

a criterion denominated the Speed Index (SI), with

the aim of allowing performance comparisons be-

tween horses under various conditions, e.g. dis-

tance, racetrack, climate, country (Evans 1989).

Since the speed index (SI) expresses a horse’s per-

formance in a certain way, breeders use it as

a breeding selection tool. However, little is known

regarding the genetic parameters of this index and

its genetic relationship to other performance traits

in racing, fundamental stages for the implantation

of efficient selection programs for this breed.

The aim of this study was to estimate the ge-

netic parameters for SI in Quarter Horse race-

horses and its relation to race time at various

distances.

Materials and methods

The data used in this study were provided by the

secretary of the Sorocaba Jockey Club and in-

volved racing performance at the Sorocaba,

Ribeirão Preto and Jaú hippodromes from 1994 to

2003.

The traits evaluated were: race time (in sec-

onds) and the SI (in points) for 3 distances: 301,

365 and 402 m. SI is based on an average of the

3 fastest winning times run each year for the im-

mediate past 3 years for each distance at each hip-

J Appl Genet 48(2), 2007, pp. 145–151

Original article

Genetic evaluation of performance traits

in Brazilian Quarter Horse

Márcio José Monteiro Corr�a, Marcilio Dias Silveira da Mota

Department of Animal Breeding and Nutrition, School of Veterinary Medicine and Animal Science, São Paulo State University,

Botucatu/SP, Brazil

Abstract. The aim of this study was to estimate genetic parameters for racing performance traits in Quarter

Horses in Brazil. The data (provided by the Sorocaba Jockey Club) came from 3 Brazilian hippodromes in

1994–2003, with 11 875 observations of race time and 7775 of the speed index (SI), distributed in 2403 and 2169

races, respectively. The variance components were estimated by the MTGSAM program, under animal models

including the random additive genetic effect, random permanent environmental effect, and the fixed effects of

sex, age and race. Heritabilities for race time and the SI, for the 3 distances studied (301, 365 and 402 m), varied

from 0.26 to 0.41 and from 0.14 to 0.19, respectively, whereas repeatabilities varied from 0.36 to 0.68 (time) and

from 0.27 to 0.42 (SI) and the genetic correlations from 0.90 to 0.97 (time) and from 0.67 to 0.73 (SI).

Keywords: horse, Gibbs sampling, racing performance.

Received: February 6, 2006. Revised: December 19, 2006. Accepted: March 28, 2007.

Correspondence: M.D.S. da Mota, Department of Animal Breeding and Nutrition, School of Veterinary Medicine and Animal

Science, São Paulo State University, C.P.560, CEP 18618-000, Botucatu/SP, Brazil; email: mdsmota@fca.unesp.br



podrome. The average of the 9 times to the nearest

0.01 represents an SI rating of 100 (ABQM 2002).
In the relationship matrix, 6504 horses were

studied, born from 1975 to 2001, producing
11 875 time observations in 2403 races and 7775
SI distributed in 2169 races. The Statistical Analy-
sis System (SAS 1999) was used to set up the files,
to determine consistency, to perform descriptive
analysis, and to study the effect of environmental
factors on the traits analyzed. The descriptive
analysis of the traits is shown in Tables 1 and 2.

The variance components required to obtain
the heritabilities and repeatabilities were esti-
mated by the MTGSAM (Multiple-Trait Gibbs
Sampler for Animal Models) software, described
by Van Tassel and Van Vleck (1995), in a unitrait
animal model. Later, with the aim of studying the
genetic and phenotypic correlations between
traits, a two-trait analysis was used (between 2 dis-
tances and for the same distance between time and
the SI). In both cases the model used for data anal-
ysis was:

y = Xb + Z1a + Z2p + e,
where: y = vector of observations for time (in sec-
onds) and/or speed index (in points); b = vector
of fixed effects of sex, age (2 years, 3 years and
4 years) and race; a = vector of random additive
genetic effects; p = vector of permanent environ-
mental effects; e = vector of residual effects; and
X, Z1 and Z2 = incidence matrices.

Inferences regarding parameter dispersion
were realized by using the distributions obtained
a posteriori via the Gibbs sampler. For the addi-
tive genetic, permanent environmental and resid-
ual variances and co-variances, non-informative
(flat) a priori distributions were used. The Gibanal
program (in Fortran), version 2.4 (Van Kaam
1998), was used to analyze the Gibbs series, with
the aim of defining the burn-in period, the series
parameter spacing, and the total number of sam-
ples to be used.

The final Gibbs sampling scheme considered
the series size of 2 005 000 with a burn-in of 5000
and sample interval equal to 1000, resulting in
2000 available samples for a posteriori distribu-
tion evaluation.

Heritabilities were estimated from the ratio be-
tween the additive genetic variance and the
phenotypic variance, while repeatabilities were
obtained by dividing the sum of the additive ge-
netic variance and the permanent environmental
variance by the phenotypic variance.

We assumed that the environmental correlation
between the traits was zero, since races at various
distances occur on distinct occasions and are sub-
ject to various environments. From the breeding

values predicted by the program, the genetic
trends were calculated for the traits studied as a
linear regression of the animals’ mean breeding
values on their birth dates.

To verify whether indirect selection would be
more effective than direct selection for the traits
studied, the following equation was used
(Van Vleck et al. 1987):

where: RC1(2) = correlated response in trait 1 from
selection on trait 2; RD1 = direct response on
trait 1; r1,2 = genetic correlation between traits 1

and 2; h
1

2 = heritability of trait 1; h
2

2 = heritability

of trait 2.

Results and discussion

The numerical superiority of the information orig-
inating from mares at all distances, for both time
and the SI, can be observed (Table 1). With respect
to distance, a greater number of observations for
402 m in race time and the SI were recorded, repre-
senting 38.6% and 35.3% of the total, respec-
tively. The mean number of horses per race was
higher for time (4.8) than for SI (3.6).

The times obtained for 365 and 402 m (Table 2)
were greater than those obtained by Buttram et al.
(1988a) in American Quarter Horse, who reported
21.05 and 22.97 seconds, respectively. In contrast,
the coefficients of variation reported by those au-
thors for the same distances (2.75% and 2.8%)
were lower than the values calculated in the pres-
ent study (4.26% and 4.33%).

The SI presented very close means for all dis-
tances, with values around 90 points (Table 2).
This difference of around 10 points in relation to
the SI equal to 100 (representing a mean of the
3 best times in each of the last 3 consecutive years)
means a slower mean performance of up to
0.3 seconds for the shortest distance (301 m) and
up to 0.4 seconds at longer distances (365 m
and 402 m), according ABQM (2002).

The systematic environmental effects ex-
plained 82.22%, 79.52% and 76.23% of the vari-
ability for race time, and 66.89%, 57.20% and
48.78% for SI, at 301, 365 and 402 m, respec-
tively.

Time

As shown in Table 3, the components of additive
genetic variance and phenotypic variance for race
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times vary in a similar way, showing a tendency to
increase as the race distance increases, and they
are 4.5 times greater at 402 m than at 301 m, in
both cases.

The additive genetic variances were greater
than those reported by Villela et al. (2002), also
studying the Brazilian Quarter Horse, who esti-
mated a variance of 0.0213 s2, for distances from
275 m to 503 m. It is possible that part of this dif-
ference resulted from the fact that those authors
worked with racing performance data from only
1 hippodrome (at Sorocaba).

In contrast, the permanent environmental vari-

ance of 0.04786 s2 estimated by Villela et al.

(2002), was only lower than that found at 402 m,

indicating the lesser importance of this effect in

shorter distances, similar to that concluded by

Buttram et al. (1988b).

Heritability estimates varied from 0.26 (301 m)

to 0.41 (402 m), with no tendency to diminish in

relation to distance, as reported by Oki et al.

(1995), Williamson and Beilharz (1998), Mota

et al. (2005) and Mota (2006) in Thoroughbreds.

One of the considerations normally suggested to

explain this reduction in Thoroughbreds is the fact

that they usually begin racing at shorter distances

and, as they demonstrate favorable performance,

only later dispute races at greater distances. How-

ever, in Quarter Horse races in Brazil this appar-

ently does not occur, since the greatest percentage

of horses racing at a single distance occurs at

402 m, rather than horses that only start in shorter

races.

The amplitude found for race time heritability

encompassed the values reported by Buttram et al.

(1988b), 0.24 (mean of the distances studied) for

Quarter Horse. However, the heritabilities studied

were greater than those reported by other research-

ers for Thoroughbreds: 0.12 to 0.15 by Oki et al.

(1995), 0.12 by Mota et al. (1998), and 0.08 by

Taveira et al. (2004), and for Quarter Horse by

0.17 Villela et al. (2002). In general, these results

indicate that mass selection applied to race times

at longer distances should reach greater genetic

gains than if applied to shorter races. Similarly as

for heritability, the estimates for repeatability

were greater at longer distances, with the greatest

value for 402 m (0.68), due to a permanent envi-

ronmental variance, which was clearly greater

than for the remaining distances. Results contrary

to those were reported by Oki et al. (1995), Wil-

liamson and Beilharz (1998) and Mota et al.

(2005) in Thoroughbreds, in which a reduction

was found in this coefficient as the race distance

increased. The repeatability for time varied from

0.36 to 0.68, an amplitude greater than that esti-

mated by other authors: 0.32 by Buttram et al.

(1988b), and 0.35 to 0.44 by Park and Lee (1999),

though consistent with the mean value of 0.55 ob-

tained by Villela et al. (2002), and 0.58 by Oki et

al. (1995). In contrast, they were partially lower
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Table 1. Numbers of observations, males, females, animals per race and races:

data on race time and speed index (SI) at various distances

Trait Distance Observa-
tions

Males Females Animals
per race

Races

Time 301 m 2770 645 1004 4.5 612

365 m 3739 839 1310 4.7 757

402 m 5366 955 1449 5.1 1034

Total 11875 2403

SI 301 m 1978 454 689 3.5 559

365 m 2631 590 907 3.7 711

402 m 3166 585 869 3.5 899

Total 7775 2169

Table 2. Means, coefficients of variation (CV),

minimum and maximum values of race time (in

seconds) and speed index (SI in points) at various

distances

Trait Distance Mean CV (%) Mini-
mum

Maxi-
mum

Time 301 m 17.64 3.92 16.33 20.76

365 m 21.26 4.26 19.35 26.68

402 m 23.44 4.33 21.19 28.47

SI 301 m 90.36 10.52 60 120

365 m 90.90 8.81 60 117

402 m 91.03 9.15 60 120



than 0.61 to 0.74 obtained by Ojala and Van Vleck

(1981) in Standardbreds. These repeatability val-

ues indicate that for longer distances, the initial

performance (race times) of these horses should be

a good indication of future performance.

At all distances, the contribution to racing per-

formance was conceded to a greater extent by ad-

ditive components than by the permanent

environment.

Heritability estimates in unitrait analysis

(Table 3) were systematically lower than in the

two-trait evaluation (Table 4). The difference

owed principally to an increase in the estimate of

additive genetic variance in the latter evaluation.

The genetic correlations varied from 0.90 to

0.97, indicating that horses with a high breeding

value for one distance also tend to be better at the

other distances. Beside this, the times for 365 m

and 402 m are basically the same trait, such that

the selection could be based on either of them.

Considering that the times for 365 m and 402 m

show higher and similar heritability estimates

(two-trait analysis), the selection applied to these

traits should promote genetic gains by indirect se-

lection for times at 301 m greater than those ob-

tained for direct selection of this trait. For race

time at 301 m, the indirect selection from times at

365 m and 402 m would be 9% faster than for di-

rect selection.

Genetic trend estimates for time at various dis-

tances are illustrated in Figure 1. All of them show

improved times throughout the study period.

In contrast to that observed by Oki et al. (1995),

Mota et al. (2005) and Mota (2006) in Thorough-

breds, the genetic gains tended to increase with in-

creasing race distance.

In American Quarter Horses, Wilson et al.

(1988) found a greater genetic trend for time

at 365 m (–0.0090 s), but lower for 402 m

(–0.0037 s), concluding that progress at this dis-

tance was not as high as in the other distances.

In contrast, the results of the present study indicate

the opposite, that is, the gain at 402 m should be

greater than at all the other distances. In relation to

the population mean (23.44 s), the annual genetic

response rates for this distance represented annual

gains of 0.06%, but showed a growth as the dis-

tance increased: 0.004% at 301 m, 0.04% at

365 m, and 0.06% at 402 m. In relation to the

phenotypic standard deviation, these rates repre-

sented 2.8%, 0.45% and 0.3%, in the same order.

These values are lower than those reported by

Arnason (1997) in Standardbred trotters in Swe-

den (6%), but are close to those found by Wilson

et al. (1988) in Quarter Horses (0.06% to 1.8%).
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Table 3. Means and respective standard deviations

(SD), maximum and minimum values and 90%

highest probability density interval (HPD 90%), for

additive genetic variance component, permanent

environmental variance component, residual variance

component, phenotypic variance, heritability and

repeatability for race time (in seconds) at each

distance (unitrait analysis)

Dis-
tance

Mean SD Mini-
mum

Maxi-
mum

HPD 90%

Genetic additive variance

301 m 0.022 0.004 0.009 0.040 0.022–0.030

365 m 0.068 0.012 0.024 0.110 0.053–0.110

402 m 0.101 0.015 0.062 0.162 0.077–0.101

Permanent environmental variance

301 m 0.009 0.004 0.000 0.025 0.009–0.010

365 m 0.013 0.008 0.000 0.047 0.038–0.047

402 m 0.065 0.011 0.028 0.105 0.065–0.083

Residual variance

301 m 0.054 0.003 0.045 0.066 0.054–0.058

365 m 0.087 0.005 0.074 0.103 0.087–0.095

402 m 0.079 0.003 0.069 0.092 0.079–0.084

Phenotypic variance

301 m 0.085 0.003 0.070 0.097 0.079–0.094

365 m 0.168 0.006 0.151 0.191 0.160–0.191

402 m 0.245 0.008 0.219 0.273 0.245–0.259

Heritability

301 m 0.26 0.05 0.11 0.42 0.26–0.34

365 m 0.40 0.06 0.15 0.59 0.33–0.59

402 m 0.41 0.02 0.29 0.43 0.35–0.38

Repeatability

301 m 0.36 0.04 0.24 0.51 0.29–0.36

365 m 0.48 0.04 0.34 0.61 0.43–0.61

402 m 0.68 0.02 0.61 0.73 0.65–0.68

Table 4. Heritability (diagonal) and genetic correlation

(above the diagonal) between race times at 2 distances

estimated under a two-trait model

Distance 301 m 365 m 402 m

301 m 0.30 0.90 0.90

365 m 0.44 0.97

402 m 0.44



Speed Index

In spite of the fact that heritability estimates were

shown to be slightly higher at longer distances

(365 m and 402 m), none of them showed sufficient

magnitude in the intensity of the relation between

performance and genetic values for an efficient

selection based on animal phenotype (Table 5).

Although the heritability value is low, this

does not mean that genetic progress of a particular

trait cannot occur, since this can be measured sev-

eral times in the same horse, allowing for in-
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Table 5. Means and respective standard deviations (SD), maximum and

minimum values and 90% highest probability density interval (HPD 90%), for

additive genetic variance component, permanent environmental variance

component, residual variance component, phenotypic variance, heritability and

repeatability for speed index (SI in points) at each distance (unitrait analysis)

Distance Mean SD Minimum Maximum HPD 90%

Additive genetic variance

301 m 4.186 1.395 1.017 10.480 4.054–6.639

365 m 5.258 1.278 1.928 9.822 5.171–7.412

402 m 6.613 1.639 2.273 2.542 6.527–9.497

Permanent environmental variance

301 m 4.161 1.634 0.012 10.352 4.132–6.817

365 m 2.236 1.236 0.001 7.416 2.136–4.415

402 m 8.266 1.615 3.321 14.716 8.274–10.980

Residual variance

301 m 21.570 1.358 16.495 27.040 21.503–23.915

365 m 19.955 1.058 16.633 23.756 18.188–19.952

402 m 20.657 0.958 17.643 24.358 20.624–22.274

Phenotypic variance

301 m 29.917 1.205 25.745 33.527 29.856–32.008

365 m 27.449 1.006 24.223 31.395 27.412–29.144

402 m 35.536 1.276 31.047 40.109 35.508–37.676

Heritability

301 m 0.14 0.05 0.04 0.33 0.14–0.22

365 m 0.19 0.04 0.07 0.35 0.12–0.19

402 m 0.19 0.04 0.06 0.35 0.18–0.26

Repeatability

301 m 0.28 0.05 0.12 0.47 0.21–0.28

365 m 0.27 0.04 0.15 0.40 0.27–0.34

402 m 0.42 0.03 0.31 0.52 0.37–0.42

Figure 1. Regression of the average breeding value (ABV) for time (s) on the horses’ birth year (BY). Distance 402 m:

ABV = –0.014 × BY, distance 365 m: ABV = –0.0086 × BY, distance 301m: ABV = –0.0007 × BY.



creased selection precision and, consequently, the

respective response.

As for time, repeatability of the speed index

(SI) was greater for 402 m (0.42), principally due

to the permanent environmental variance, which

was 2–4 times greater than at the other distances.

Considering that repeatability involves the corre-

lation between a single record (phenotypic value)

and the production capacity of an animal for a re-

peatable trait, the estimates found suggest that

more than one SI information should be taken into

consideration when deciding to cull horses on the

basis of this trait, with the possible exception of

402 m.

Again, with the exception of 402 m, the contri-

butions for the SI are more often due to additive

components than the permanent environment at

the other distances.

Heritability estimates in two-trait analyses and

SI genetic correlations at 2 distances are presented

in Table 6. The heritability estimates among the

unitrait analyses and the two-trait evaluations are

very similar for all the distances studied.

As with time, the genetic correlations were

positive for all the traits and varied from 0.56 to

0.73, suggesting that selection to improve the SI at

a specific distance would promote, to a greater or

lesser extent, a favorable genetic alteration in the

remainder. In contrast to time, the applied direct

selection for any of the traits related to the SI

would always be more efficient than indirect se-

lection.

The genetic trend estimates for the SI at various

distances are illustrated in Figure 2. In all cases,

improved SI values were found throughout the pe-

riod studied.

As with time, the annual genetic response rates

were greater for longer distances (365 m and

402 m), representing 0.067% and 0.08% in rela-

tion to the means of the respective traits. In rela-

tion to the phenotypic standard deviation, these

distances presented higher gains yet again (1.17%

and 1.22%, respectively).

Genetic correlations between race time and the

SI, considering the same distances, were all be-

tween –1.00 and –0.99 (data not shown), indicat-

ing that these traits really behave as a single trait

and that selection is required for only 1 of them.

After evaluating the correlated response be-

tween the SI and race time, more efficient gains for

the SI in response to the indirect selection by race

time were 34.9%, 43.5% and 45.4% more efficient

at 301 m, 365 m and 402 m, respectively, than if

made directly for the SI.

Implications

Although Quarter Horse breeders in Brazil, base

their selections on the idea that the SI is a highly

inheritable trait, using it as a corroborative factor

in the selection or culling process of their animals,
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Table 6. Heritability estimates (diagonal) and

genetic correlations (above the diagonal) between

speed index values at 2 distances (two-trait analysis)

Distance 301 m 365 m 402 m

301 m 0.14 0.67 0.56

365 m 0.18 0.73

402 m 0.19

Figure 2. Regression of the average breeding value (ABV) of the speed index (SI) on the horses’ birth year. Distance 402

m: ABV = 0.0725 × BY, distance 365 m: ABV = 0.0614 × BY, distance 301m: ABV = 0.04 × BY.



the present research has shown the opposite.

The SI is characterized by low heritability, making

animal selection based on this trait more difficult.

Information on relatives, progenies and repeated

measures per horse, are to be used in a repeatabil-

ity model for estimating more accurate breeding

values of SI.

Considering that genetic correlation between

race time and the SI was between –1.00 and –0.99

for all distances; that race time presented a greater

heritability than the SI; and that Villela et al.

(2002) have already shown that selection by race

time would be more efficient than by rank, we

conclude that race times of Quarter Horse in Brazil

should be the selection trait of choice when the ob-

jective is an improvement of racing performance.

Besides, the fact that race times at 365 m and

402 m presented genetic correlations close to 1.00

and that their correlations with 301 m are also rela-

tively high, we suggest that selection should be di-

rected towards these distances, as a way of

obtaining superior genetic gains.
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