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ABSTRACT ARTICLE HISTORY
Within the Thoroughbred industry, individual success can be Received 2 August 2024
measured with races and prize money won. At an industry level, Accepted 5 April 2025
there is a requirement for horses to be able to race from a young
age and have a sustained injury-free career. Therefore, the
variance components of such traits were investigated within
ASReml for 26,920 New Zealand Thoroughbred racehorses. Age at KEYWORDS

first competitive high-speed event (trial or race start) had high Durability; injury risk;
heritability (h*=0.52+0.02), and an inverse genetic correlation breeding; career longevity;
with career earnings (—0.40 £ 0.05) and number of wins (—0.35+ precocity; exercise

0.06). Career earnings (h?=0.24 +0.02) had positive genetic and

phenotypic correlations (0.59+0.004) with career length,

implying that racing success could be a useful selection proxy for

career length. Horses that started earlier had longer career length

(=0.21£0.07, - 0.18 £ 0.01). The low heritability of career length

(0.11 £0.01) reflects considerable environmental influence on this

trait, reinforcing the importance of early training and exercise in

increasing career length. Therefore, the optimal strategy is a

selection programme focusing on racing success, which improves

commercial appeal and is genetically correlated with longevity. A

training and racing programme that encourage an early

competitive high-speed event would optimise the phenotypic

development of the musculoskeletal system and reduce injury risk.

HANDLING EDITOR
Rhiannon Handcock

Introduction

Success in Thoroughbred racing and breeding is defined as the production or training of
a horse capable of winning the most important races, the ‘group races’. Group races are
commonly referred to as ‘black type’ races, as horses that win or are placed in these races
have their names in the sales catalogue in bold font (NZTR 2024a, 2024b). At an individ-
ual level, racing success is the primary driver for breeding decisions. In New Zealand
where approximately 37% of the Thoroughbred foal crop are exported as yearlings or
young racehorses, astute breeding decisions that optimise performance and longevity
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ensure ongoing commercial viability for the breeder (Legg et al. 2023). At an industry
level, traits such as age at first race, number of races and career length are also important
to optimise the betting revenue generated, which underpins the financial viability of the
racing industry (Legg et al. 2021, 2023).

The financial viability of the racing industry is heavily dependent on the revenue from
betting turnover. Optimisation of betting turnover is dependent on the number of races
offered, the quality of races and the number of participants in each race. However, across
the major racing jurisdictions, there has been a steady and consistent contraction of the
foal crop and a subsequent decline in the number of racehorses competing (International
Federation of Horseracing Authorities 2019). Therefore, to maintain a sufficient number
of horses in races, the current racehorse population is likely to have an increase in the
number of starts and potentially longer racing careers (Legg et al. 2021). This shift in
the pattern of racing places greater emphasis on breeding not only for individual
success but also career duration at a population level.

For comparison of performance (or success) between racehorses, most analyses have
focused on the (log) transformation of annual or lifetime (prize money) earnings (Bailey
et al. 2022). The variance component estimates for earnings across racing jurisdictions
are similar, in part due to the consistent relative distribution of prize money within a
single race (according to placing) and the unequal distribution of prize money from
the most important races (with a greater prize money pool) down to industry qualifying
races (with lower prize money pools). The heritability estimates for earnings reported in
the literature are generally moderate (h?*=0.10-0.32) (Park et al. 2011; Tozaki et al. 2012;
Velie et al. 2015; Bailey et al. 2022; Sharman and Wilson 2023).

Increasing the number of races within a horse’s racing preparation or career may
increase injury risk, as an accumulation of cyclic loads appears to be the primary
driver of many race day musculoskeletal injuries, particularly fractures (Rogers et al.
2020). Within the literature, there are estimates for the heritability of race day fracture,
categorised either broadly as distal limb fracture (any fracture from the carpus distal)
which were moderate (h*=0.21-0.37), or at anatomically specific locations such as
first phalanx, third metacarpal and carpal bone with low to moderate values (h*=0.09,
0.17 and 0.40, respectively) (Welsh et al. 2014; Tozaki et al. 2019). Although heritability
values for fracture were moderate, the relatively low incidence of race day fracture in New
Zealand (~0.4/ 1,000 starters) (Gibson et al. 2022) make it impractical as selection cri-
teria. Therefore, it may be more strategic to focus on traits associated with career long-
evity and durability rather than race day fracture directly.

Age at first race, or at first trial, has been reported to be associated with longer and
more successful racing careers (Tanner et al. 2013; Velie et al. 2013; Flash et al. 2022).
Based on data from intervention trials, it has been proposed that this may be due to
the priming of the musculoskeletal system when the tissues are most receptive (Rogers
et al. 2008, 2020). This alteration in the developmental pathway of the musculoskeletal
tissue represents a positive change in phenotype. The selective breeding of a favourable
genotype may provide a mechanism to amplify the positive phenotypic response of early
exercise in the horse.

In light of the reduction in the number of horses entering the racing population, it is
important to identify strategies on how the industry can best meet the need for successful
and durable horses. The ability to positively alter phenotype by early exercise is well
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described. There is currently limited data on the relative genetic contribution to racing
longevity. Therefore, the aim of this study was to estimate the heritability of traits associ-
ated with racing success and longevity in the New Zealand Thoroughbred population.

Methods
Data collection

Race records of all New Zealand Thoroughbred races (flat and jumps racing) for 17
racing seasons (2005/06-2022/23) were provided as an electronic extract by New
Zealand Thoroughbred Racing (NZTR), the governing body for Thoroughbred racing
in New Zealand. The extract provided race and horse-level data. Race data included
the date of race or trial, race type (flat/steeplechase/hurdle) and earnings won for each
race start. Horse data included horse name, sex (female; recorded as filly or mare, or
male; recorded as stallion, gelding, colt or rig), date of birth, sire and dam. Pedigree infor-
mation (sire, dam and dam sire) were provided as an extract from the NZTR official stud
book records. The race and pedigree datasets were then combined using horse ID as the
unique identifier. Horse eligibility was restricted to horses born between the 2003/04-
2017/18 breeding seasons. This inclusion criteria ensured capture of race and trial data
at the youngest age possible (horses can start in trials and races on 1st August of their
2nd year, when they officially become 2-year-olds) and sufficient number of seasons
racing to ensure the final foal crop (the 2017/18 born foals) had completed their
racing career, which typically is completed when the horse is 6 years old (Legg et al.
2021). The completion of racing career was further confirmed using the criteria of a
period of greater than 365 days since the last recorded race start.

Traits derived

To describe racing success and career longevity the following traits were calculated: age at
first competitive high-speed event (number of days from birth until either first trial or
race start, whichever occurred first), age at first race start (number of days from birth),
total career starts, total career length (days from first to last recorded race start) and
number of races per season (horses with only 1 race start had a career length of 1 d)
and total career earnings. Career earnings were heavily skewed and were log-transformed
for analysis.

Data analysis

Genetic parameters were estimated for all traits derived using ASReml version 4.2 soft-
ware package (Butler et al. 2023). A single-trait animal model was used to estimate var-
iance components to calculate heritability. A bivariate animal model was also used to
estimate the genetic and phenotypic correlations between two traits. Horse sex, race
type (flat, hurdle and steeple), and year of birth were included as fixed effects and
animal was included as a random effect in the single-trait and bivariate animal models
for all traits. Trainer was attempted to be fitted as a random effect within the models
but failed to permit models to converge.
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In matrix notation, the bivariate model can be represented as Equation (1):

A A 4 R A 4 K Y I

where y; and y, are the vectors of phenotypic measures for two traits under study, X, and
X, and Z; and Z, are design matrices relating the fixed and additive genetic effects to the
phenotypes respectively, b; and b, are the solution vectors of fixed effects of sex, race
type, year of birth and racing status (active/retired), u; and u, are the vectors of
random genetic effects of animal for each trait and e, and e, are vectors of residual
errors not accounted for by the fixed and random effects. The distributional properties
of the elements in the model with E and V indicating the expectation and variance
were as follows in Equation (2) and Equation (3):

vi| _[Xi 0 |[b
[e)=15 < >

” A2, Ao, 0 0
U _ AO—ulZ AO%Z 0 0

v €1 o 0 0 10'51 IO—elZ (3)
€ 0 0 IO'elz 10'32

where A is the numerator relationship matrix of size 33,286, the total number of animals
in the pedigree file; 0'21, oﬁz, and o,;, are the additive animal (co)variance components
for the traits under consideration, I is an identity matrix of size 21,691, the number of
phenotypic records; ofl, ofz, G.12 are the residual error (co)variance components for
the traits. Estimates of (co)variance components were obtained using the Restricted
Maximal Likelihood procedure in ASReml package (Butler et al., 2023).

Heritability (h?) of a trait was calculated as displayed in Equation (4):
)
W=t (4)
(02 + 0?)
where afl = additive animal variance and oﬁ = residual error variance
Genetic correlations (rg) were calculated as displayed in Equation (5):

Ogq12

(5)

7, =
g (o g1 X O, g2
where 0y, = genetic covariance between trait 1 and trait 2, equivalent to 0,12, 0g1 =
genetic additive standard deviation for trait 1, equivalent to /02, .. = genetic additive

standard deviation for trait 2, equivalent to \/0%,, and phenotypic correlations (r,)
were calculated as displayed in Equation (6):

Op12

(6)

r, ————————
Op1 X Op2

where 0,1, = phenotypic covariance between trait 1 and trait 2, equivalent
to 0412 + Oe12, 0p1 =phenotypic standard deviation for trait 1, equivalent to
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o2, + o2, and 0, = phenotypic standard deviation for trait 2, equivalent to
al el p P YP q

Voo + 05

Results

There were 61,358 horses born during the 2003/04-2017/18 breeding seasons and these
were the progeny of 18,523 mares and 803 sires. The merged dataset of race and pedigree
records resulted in records for 26,920 horses, 13,419 males and 14,852 females (40% of
the foal crop) which were the progeny of 12,854 mares and 633 sires. The majority of
the horses in the data set (80%) were the progeny of 20% of the sires recorded. Eighty
percent (21,645/26,920) of the horses were registered to 20% (316/1371) of trainers in
the dataset (Figure 1). There was also an unequal distribution of sires within these
trainer groups, with 57% (n =788/1371) of trainers having trained horses representing
5 or fewer different sires (Figure 2).

The horses had 385,635 race and 94,213 trial starts. Most horses recorded their first
competitive high-speed event as a 2-year-old (43 £ 11%) or 3-year-old (39 + 4%). Most
(87 £ 7%) horses had a trial start prior to their first race start. Fewer horses (17 + 4%)
had their first race start as a 2-year-old compared to horses that had their first start as
a 3-year-old (50+8%). The descriptive statistics for the career, longevity and

s Total number of horses  s====Trainers (n)

14000 4 1000
12000 (
10000 (

8000 |-

Number of trainers

6000 |

Total number of horses

4000 |

2000 |

<10 11-20 21-50 51-100 >100
Horses trained

Figure 1. The total number of trainers (line, right axis) and the distribution of total number of horses
trained (bar, left axis) by categories of horses trained per trainer (<10, 11-20, 21-50, <100) over seven-
teen Thoroughbred racing seasons in New Zealand (2005/06 — 2022/23).
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Figure 2. Relative distribution of number of sires clustered within trainer over seventeen Thor-
oughbred racing seasons in New Zealand (2005/06 — 2022/23).

performance of New Zealand racehorses included in the analyses are presented in
Table 1. The median career length was 462 (134-884) days and the median age at last
race was 5 (4-6) years old. There was a large range in the number of races during a
career (1-160). There was no significant between-year difference in age at last race or
career length indicating limited or no right censoring of the career data. Few horses
within this dataset had only one career race start (7.2%), and 1.1% had one career race
start with no trial. Fifty-one per cent of horses had won at least one race and 28% of
horses won >2 races during their career.

Heritability estimates

Heritability estimates and standard errors for career, longevity and performance traits are
presented in Table 2. Age at the first competitive high-speed event (days) (h*=0.52 +
0.02) and age at the first race start (h> = 0.37 + 0.02) had the highest heritability estimates,
followed by career earnings (h”>=0.24 +0.02) while all other traits examined ranged
between 0.08 and 0.12 +0.01.

Phenotypic and Genetic correlations between traits

There were moderate to strong positive phenotypic correlations between career earnings,
number of flat races won, total number of races, races per racing season and career length
(0.56 £ 0.01-0.78 £ 0.003) (Table 3). The genetic associations for the measures of racing
performance were high, reflecting strong co-linearity in the different measures of racing
performance. Near unity values were observed between career earnings and number of
flat wins (0.96 £0.01) and between career length and career total number of starts
(0.96 £0.01). However, more moderate phenotypic and genetic associations were
observed for career earnings with the total number of career races or career length
(0.55-0.66).



NEW ZEALAND JOURNAL OF AGRICULTURAL RESEARCH . 7

(€9€'€T-5¢¢) STL9 (z-0) L (9-€) ¥ (61-¥) 6 (¥88-¥€L) TO¥  (SZLT '€Svl) TLLL  (SLvl-/L0L) LiTlL (ovz1-068) €501 026'9C SHOYod |y
(¥£9°TE '08T1) 090°0L (T'o 1 (CRAR7 (8L 'v) 0L (652 '991) ¥ov  (STOT ‘0S¥L) vvLL  (L8EL “LOLL) Teel (¥0zlL ‘0L6) 9501 6671 81/£10¢
(0st'z€ ‘ovLL) 066 (z'ol (9'¢) ¥ 9L %) 6 (SLL'6TL) Sev (TLLlT '80SL) 6L£LL  (E4¥L 'v90L) L6LL (9€z1 '££8) vEOL 6L€EL £1/910T

(5£8'8T '009) ¥06L (co)tL (Chrak4 (8L %) 6 (588 “LEL) 84y (LvTr'Lsvl) b8l (LovL ‘S80L) €Lzl (brzl '668) €¥0L s6vl 9L/510T

(092’87 “00S) SLYL (z'ol 9'€) ¥ (61 ‘v) OL (Lv6 ‘0€L) €Lv  (TSTT 'SLvl) 68LL (8Pl ‘LOLL) SPTL (89T1 ‘€06) ¥LOL 6/91 SL/yLoT

(P£1'8T '0ST) ST89 (z'0)0 ©0Dv (07 %) 6 (£96 ‘8vL) ¥8Y  (T6LT '0S¥1) 99LL 8Lyl ‘cL0L) OLTL (L€TL ‘z68) LYOL 0481 yL/€10T

(009'6T ‘05T) SLOL (z'ol (9'€) ¥ (lz'v) oL (296 ‘88L) LIS (9TTT '99%L) L£LL (901 ‘690L) v6LL (£¥T1 ‘088) SSOL €6/l €1/710C

(S81'ST '0S€) ST¥9 (z'o) L (C4R7 (lz'v) oL (616 '£91) v6v  (L6LT ‘L¥¥l) 9VLL (PLEL '¥90L) 00TL (£zT1 '888) 6£0L L08L zL/Le

(S£T'TT '00€) 0585 (z'o L 9'€) ¥ (0 'v) 0L (£16 '8€L) 187  (¥6LT '9Tvl) ¥9LL  (L6€L LLOL) LOTL (zszl '268) LSOL 0LL1 LL/0L0C

(€98'LT 'SLL) 8ELS (co)tL (Chrak4 (lz'v) oL (¥€6 ‘8T1) 66v  (0€TT '9€¥1) 008L (LTyl '8L01) vLTL (98z1 ‘£68) L80L 7061 01/600T

(SL1'0T 'sLL) sTev (z'0)o (9'¢) ¥ (ltv 6 (588 “Lzl) LSy (9LTT ‘Lvwl) 88LL  (LEWL '¥8OL) 6ETL (SLT1 '£06) 6901 150¢ 6/800C

(SL2'61 'SLL) 0561 (z'o) L (L'€) s (lz'v) oL (96 ‘OvL) SS¥ (90TT "9tvl) L¥LL (bOvL ‘9901) €611 (0zzl 'v88) €0l £¥0C 8/£00T

(00991 ‘0S1) 0SS¥ (z'0)o (') ¥ (0 'v) 0L (816 ‘€LL) 8S¥  (9SLT ‘€vvl) LELL  (vL¥L '890L) 86LL (S€T1 ‘z88) 6¥0L 6€61 £/900C

(¥10'9L ‘0SL) 8L9Y (z'0)0 (L'9v (0z 'v) oL (188 ‘LEL) Oy (L¥LT 'LL¥L) 9ELL (96€1 ‘1801L) L6LL (0ozl ‘€88) L¥OL 890C 9/500C

(S€L'1T 'L81) SL9S (z'ol (L'€) s Tty 1L (896 ‘'891) €S (6€CT '90S1) L08L  (TEWL ‘080L) O€TL ¥zl '188) L¥OL L6l S/¥00C

(0s¥'6L “T9L) 0SS5 (zo)tL (L'e) s (cz'v) oL (¥€6 ‘L¥L) L0S  (961T '€9¥1) L8LL (60vL “LL0L) YLTL (o€z1 '££8) 9901 8561 ¥/€00T
($ZN) sbuluiea Jaa1e)  suim el 1ey uoseas sadel (sAep) (sAep) (sAep) uels (sKep) sasioy 10Yyo0d Jeaj

josdquinu  bupes ad sades  Jo Jsquuinu y1bua| Jaa1e) el 1se| aby Jdel 151y 1@ by JuaAd paads-ybiy Jo Jlaquinp
19918) Jo Jaquinu |e101 42348 annnadwod 151y e aby
abesany

'suoseas buides £7/zz07 pue 90/5007
9y} U9aMIq padel ey} sasioyadel paiqybnoioy] puejesz map jo uoneindod e oy syely sduewopad pue Aasbuol 1aa.ed Jo abuel pue ‘(YD) UeIPI L dqeL



8 Y. Y. CHIN ET AL.

Table 2. Estimates of heritability (h?) and standard errors (S.E.) for the career, longevity and
performance traits in Thoroughbred racehorses in New Zealand that raced between the 2005/
06 and 2022/23 racing seasons.

Trait a2 a2 L h? £ S.E

Age at first competitive high-speed event (days) 34703 32109 66812 0.52+0.02
Age at first race (days) 22437 38701 61138 0.37 £0.02
Career earnings (log) 3.75 11.58 15.33 0.24 +£0.02
Career number of flat race wins 0.47 3.42 3.89 0.12+0.01
Career total number of races 2430 174.63 198.93 0.12+0.01
Career length (days) 32,168 256,535 288,703 0.11£0.01
Average races per racing season 0.60 6.79 7.39 0.08 +0.01

Notes o2 = animal additive variance, o2 = residual error variance, o2

total = sum of all variances.

Age at first competitive high-speed event and age at first race had close to unity genetic
correlation (0.99 £ 0.01) and strong phenotypic correlation (0.91 + 0.001), reflecting that
these are essentially identical traits. Phenotypically, horses that trialed or raced as 2-year-
olds had greater earnings, more races per season and during their career and had longer
careers. This pattern was also reflected in the genetic associations of age at first start. The
exception to this trend was the low negative genetic association between age at first race
and number of career races.

Discussion

The demographics of the current dataset reflect earlier reports of the New Zealand Thor-
oughbred racing industry (Tanner et al. 2013; Legg et al. 2021, 2023). The low percentage
of the foal crop with a New Zealand race record (~40%) is a consequence of the strong
export focus of the New Zealand industry with approximately 37% of the foal crop
exported annually, most of which are exported as youngstock (predominantly as year-
lings) or as 2-year-olds in early work and prior to their first start (Rogers et al. 2017;
Legg et al. 2023). Historically only 57% of the (non-exported) foal crop were recorded
as having a trial start (Tanner et al. 2013). This data indicates that in recent years, the
percentage of the non-exported foal crop that recorded a trial start has increased slightly,
to approximately 66% in New Zealand.

The majority of horses had their first high-speed event as 2-year-old and their first race
start as a 3-year-old. This pattern reflects the observation that in New Zealand, the
primary reason for training horses as a two-year-old is education and to obtain an
early gauge on the precociousness and talent of the young racehorse (Bolwell et al.
2010; Rogers et al. 2020). Age at first start and age at first race had high genetic corre-
lations and this implies that, within the current dataset, these could be considered the
same trait. This is useful from a population analysis perspective as only ~20% of the
horses have a race start as a 2-year-old.

Epidemiological studies in both New Zealand (Tanner et al. 2013) and Australia (Flash
et al. 2022) have shown that horses that had an early start in their racing career (either a
trial or race start as a 2-year-old) had longer and more successful careers. The positive
genetic and phenotypic association of young age at first competitive start and measures
of racing success (career earnings and race wins) observed here is consistent with these
findings. The uniformity of the early two-year-old production process in New Zealand
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(Bolwell et al. 2010) may explain the greater heritability estimate for age at first competi-
tive high-speed event (h*=0.52+0.02) compared to age at first race (h*=0.37 £ 0.02).
The heritability values estimated for age at first competitive high-speed event and age
at first race reflect the industry perception that precociousness and racing success are
highly heritable in the Thoroughbred.

The heritability estimates for career earnings of the New Zealand population in the
current study were similar to those reported in other jurisdictions such as Australia,
Hong Kong and the non-linear estimates from Japan, which ranged from h*=0.19-
0.34 (Tozaki et al. 2012; Velie et al. 2015). The similarity in heritability suggests that irre-
spective of the total stakes on offer in each country, the relative distribution of prize
money within a race and between the different grades of races is consistent between
racing jurisdictions (NZTR 2024c). It is generally recognised that the heritability esti-
mates for this trait (career earnings) may contain some positive bias due to preferential
treatment or opportunities and assortative mating. Horses by well-performing, and thus
expensive sires are more likely to have greater racing opportunities (i.e. placed with
higher ranking trainers and greater financial support) compared to those by lower per-
forming or less commercial sires. The less commercial sires are also more likely to be
mated to a greater proportion of lesser performing mares, and their progeny in turn
may have fewer opportunities to race (Rogers and Gee 2011).

In the current study, there was a moderate genotypic and phenotypic association of
career earnings with career length. The majority (~60%) of prize money on offer within
Thoroughbred racing in New Zealand is targeted towards two-and three-year-old races
(Bolwell et al. 2014), and thus the economic incentive to race lower performing horses
after three years of age decreases. A similar structure is observed in most racing jurisdic-
tions and this skew in prize money offered reduces the linearity of the relationship between
career length, number of races and career earnings. The linearity between success (prize-
money) and longevity (i.e. career starts and length) can be further distorted with the earlier
retirement to stud of elite higher performing horses (typically after their 3-year-old season).
New Zealand has an active export market for 2-year-old ready-to-race, and early race
career 3-year-olds and thus owners and trainers have an economic incentive to export
elite high-performing horses in their 3-year-old racing year. Therefore, the career length
of these horses may be artificially shortened within the dataset due to its termination of
New Zealand racing records. In some jurisdictions, such as the United States of
America, this is accentuated with the use of claiming races that permit an extended
racing career for the lower grade horses (Legg et al., 2023). These jurisdictional differences
should be considered when comparing estimates between racing jurisdictions.

The high export rate of horses restricted the size of the dataset for analysis. However,
the objective of this study was to focus on the New Zealand racing conditions and pattern
of racing. The inclusion of race data from the largest export markets, namely Australia
and Hong Kong could have increased the sample size but may introduce some additional
environmental variation and bias down the variance component estimates. Support for
this view is the observation of lower heritability estimates with the linear vs non-linear
categorisation of race earnings (Tozaki et al. 2012). In contrast to New Zealand and Aus-
tralia, Hong Kong has strict entrance performance criteria for horses, which effectively
limits entry of New Zealand horses into Hong Kong until they have demonstrated
sufficient ability in a trial or race in New Zealand, generally as a 2-year-old.
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At present, there are few heritability estimates for career longevity reported within the
literature. Heritability estimates for career length of the New Zealand population were
similar to estimates reported in one study for horses racing in Australia and Hong
Kong (0.11 vs 0.10), which reflects a large environmental influence to career length
rather than a genotypic effect (~90% of variance being due to non-genetic factors) irre-
spective of jurisdiction (Velie et al. 2015). This heritability also indicates that this trait
requires longer and a greater selection pressure to obtain selection progress. Commer-
cially, racing success rather than longevity provides the driver for increased sale price.
It is therefore unlikely that commercial breeders would divert selection pressure away
from racing success to increase the emphasis on longevity. However, practically the
high heritability of career earnings and its positive association with career length
within the New Zealand population indicates that at a selection level, career earnings
would also provide a suitable selection trait for racing longevity and indirectly durability.

Lack of talent, followed by musculoskeletal injury are the leading causes for a horse to
cease training and racing (Perkins et al. 2005; Shrestha et al. 2021). Across a number of
epidemiological and intervention studies, a positive effect of early exposure to exercise
and training on moderating risk factors for injury has been demonstrated (Rogers et al.
2008, 2020). The physiological basis for this is believed to be due to the priming or upre-
gulating of the tissue (cartilage and bone) within the musculoskeletal system (Rogers et al.,
2020). These findings provide a possible explanation for the phenotypic association
between earlier age to the first competitive high-speed event with a longer career length.

The lower heritability of career length indicates that rather than directly selecting for this
trait as a proxy for durability and musculoskeletal health, the industry would achieve optimal
phenotypic response by selecting for career success (career earnings, wins) and ensuring the
horse had either a trial or race start as a 2-year-old. This appears to be current industry prac-
tice and reflects potentially a holistic view of racing success and horse welfare.

Conclusion

The high heritability for career earnings was in agreement with other published reports
and reflects the primary selection focus of the Thoroughbred racing industry. A younger
age at the first competitive high-speed event was highly heritable and positively associ-
ated with measures of racing success, reflecting observations in other racing jurisdictions.
To optimise genetic progress for racing success and reduce the risk profile for musculos-
keletal injury, breeders could focus on breeding stock with high career earnings and
ensure horses have a competitive high-speed event as a 2-year-old.
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