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ABSTRACT

The aim of this study was to estimate genetic parameters and annual trends on the racing performance of Thoroughbred horses
by a statistical analysis of the resulting records. We used the racing results of 245,979 observations for 13,458 horses recorded in
19 years of race held at Seoul and Busan racing tracks, provided by Korea Racing Authority. After a careful adjustment of some
variables such as racing times, jockey and trainer numbers and the average prize a horse won, we selected significant factors that
explain the result of racing records of a horse by stepwise AIC and BIC methods. The estimated heritability and repeatability
were 0.322 and 0.332, respectively. The average of annual phenotypic and genetic improvement was —0.166 seconds and —0.161
seconds, respectively. Based on the statistical approach, we established reasonable animal model of well-set variables, which is

important in the study on estimating performance of racing horses.
(Key words : Thoroughbred, Heritability, Repeatability, Genetic trend)
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Table 1. Number of records and horses by race year

)

Year No. of Records No. of Horses'

Seoul Busan Total Seoul Busan Total
1990 12,225 - 12,225 1,543 - 1,543
1991 11,209 - 11,209 1,538 - 1,538
1992 8,968 - 8,968 1,594 - 1,594
1993 9,782 - 9,782 1,584 - 1,584
1994 10,572 - 10,572 1,437 - 1,437
1995 11,288 - 11,288 1,561 - 1,561
1996 11,589 - 11,589 1,573 - 1,573
1997 11,999 - 11,999 1,628 - 1,628
1998 12,441 - 12,441 1,536 - 1,536
1999 12,261 - 12,261 1,640 - 1,640
2000 12,270 - 12,270 1,589 - 1,589
2001 12,079 - 12,079 1,686 - 1,686
2002 11,870 — 11,870 1,708 - 1,708
2003 11,855 11,855 1,722 - 1,722
2004 11,539 297 11,836 1,661 252 1,913
2005 11,514 4,517 16,031 1,734 735 2,469
2006 11,875 6,403 18,278 1,890 954 2,844
2007 12,433 6,683 19,116 1,963 1,011 2,974
2008 12,508 7,802 20,310 1,907 1,133 3,040
Total 220,277 25,702 245,979 11,477 1,981 13,458

b Unique number of horses.

o

AT 2459797 BSXHQ] W4kA], A, A
Table 20l A3} T}

R
>

(1) M= MAelet Hagts 28

So| A AFA 7= oule] H]3=o], H]
=S A9 £ BASY. 28 vk
B FIES e AFAY dg
Wity AWWG F 71 WS, At
el wet Eoske 9, o] +=9iskd
HAFgto R Akl

2 N oy ook
k)
N
S
o
M

o lof
rr
-
Jn
o,

(2) dPH,2 MBI JHHZEO +E

TS digt $H AHHTEES
(Akaike, 1973)$} BIC (Schwarz, 1978)% ©]-&3}
T AEHS ARSIt R AWESTE W
o4ty W4l Agel=
(1953)¢}  Montgomery (2005)°|
(honestly significant difference) 37
Tk Zpol7t de Wl s
WA gelsiglnt o] #HHES R

O
TS

o Ae
=2
R
_>|J_|‘
o,
N
N

o AARES oy o, JHAIRE WA st
MNE ZTFuEe] §E7H= Wombat (Meyer, 2007) Z=71
o] DF-REMLS o] &3to] FA33Ith o] #gola A+
nEe] MR AEE o]&ste] §FTtel FRubel N
vke] g7t AGE =S o, SR g2 SAS
2713 2] mixed linear model S ©]&3}o] A=E3FAAT)

Ay

y =Xb + Za + Riyr + Rom + R3j + Rumg + ¢

2ol A,

y = F37|1F] g @52 9y

b = 2FUS, A, FEAH, IR, HAASTY P
W, BT T, A, AT R, S
T, Avbde] agd el gk WE (n=14, 14, 8,
57, 4,3,3,3,2)

a = 44 drtade] gk 9E n=67,841)

yr = v o] gloja o] st WE (n=13)

m = T2 & Jejaded gk MY (n=19)

i = 7159 dojael dig WY (n=273)

mg= AL lej g rlol it WE (n=123)

X, Z, Ry, Ry, R, Ry = 2} &3}e] 73
e = 9] eatE ol e Wy

—130-



Oh et al. ; Trends in Thoroughbred Racing Performance

Table 2. Characteristics of records by race year

Year Country of birth Sex Average
Domestic Foreign Male Female Gelding age(yr)

1990 3,844 8,381 2,216 6,059 3,950 5.4

1991 5,443 5,766 1,888 5,450 3,871 5.5

1992 4,920 4,048 1,513 4,362 3,093 5.4

1993 5,223 4,559 1,610 4,829 3,343 5.1

1994 5,184 5,388 1,543 5,415 3,614 5.0

1995 5,521 5,767 1,207 6,079 4,002 49

1996 5,697 5,892 1,093 6,315 4,181 49

1997 4,958 7,041 1,177 6,420 4,402 4.8

1998 3,979 8,462 1,269 6,633 4,539 49

1999 4,225 8,036 1,649 6,656 3,956 4.7

2000 3,809 8,461 2,378 6,557 3,335 4.5

2001 2,788 9,291 3,054 6,460 2,565 42

2002 1,184 10,686 3,423 6,132 2,315 4.0

2003 543 11,312 3,725 5,916 2,214 3.9

2004 459 11,377 3,871 5,685 2,280 38

2005 706 15,325 5,641 7,926 2,464 3.5

2006 734 17,544 6,742 8,909 2,627 3.6

2007 576 18,540 7,260 8,470 3,386 3.6

2008 509 19,801 7,486 8,845 3,979 3.6
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Fig. 1. Distribution of racing time and new distribution of adjusted racing time.

Table 3. Minimum, 1st quartile, median, mean, 3rd quartile and maximum of adjusted racing time by race year

Summary statistics (sec)

Year

Min 1st Qu Median Mean 3rd Qu Max
1990 88.43 93.21 94.24 94.34 95.38 105.04
1991 89.40 93.71 94.72 94.83 95.82 119.38
1992 87.26 93.11 94.27 94.36 95.51 113.78
1993 88.06 93.24 94.23 94.38 95.34 111.83
1994 87.46 9291 94.01 94.08 95.18 125.72
1995 84.71 91.88 93.30 93.23 94.60 108.31
1996 86.41 92.71 93.92 94.04 95.22 119.38
1997 87.21 92.71 94.00 94.09 95.34 139.28
1998 86.50 92.22 93.54 93.60 94.91 109.71
1999 86.50 92.61 93.82 93.93 95.12 115.84
2000 87.40 92.67 93.98 94.11 95.37 115.08
2001 86.13 92.30 93.41 93.50 94.61 110.07
2002 86.90 91.80 93.02 93.12 94.32 122.01
2003 84.77 90.92 92.30 92.29 93.61 120.51
2004 83.37 90.91 92.32 92.33 93.71 107.68
2005 81.51 90.92 92.23 92.23 93.52 100.93
2006 83.57 90.50 91.90 91.88 93.24 102.78
2007 83.77 90.21 91.64 91.70 93.10 103.34
2008 82.07 90.38 91.71 91.72 93.10 102.48
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Table 4. Variance component and genetic parameter estimates of racing times
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1.522 0.201 0.022 0.077

0.051

2.861 4.734 0.322 0.332

2 I . . 2 . 2 : . 2 . . 2
07 additive genetic variance, O’y age (year) variance, Om: ground moisture variance, 0 jockey variance, Ope(mg: permanent
. . . . 2 . . 2 . . 2 . eye oye
environmental variance (trainer variance), 0: residual variance, 0°p: phenotypic variance, h™: heritability, r: repeatability

—133-



Oh et al. ; Trends in Thoroughbred Racing Performance

2 om, $r AYRsEel tis) AIC, BICE ARE-E WHAA
15 A AdbHS A88elth 1997 Sjol A e AT
shEe] Fa71%d) d@ A wEdEe 77 03,
! - 0332 FAHENL, APF TP MFgat A4 A
0.5 Fe —0.166%, —0.161%2 2FEFHATh AFule] AR
. Y w9 el 24 Qo] slol Folurh 4@Y xe
& MARE S o] Tttt B4HH, ol HAA B+
-0.5 ko] TEs FIHoT HdEE vl WS MHA B
| At AU 28w AAAe Aunse Aug Eo
— & Phenoty pic trend (Racing Time) 7}s3hc)
1.5 H = =f= =Genetic trend (Breeding Value)
2 V. Ab A
90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08
Year

| | | B AP gavisle) A9 s Rl §

Fig. 3. Phenotypic and genetic trends over the year. Asd WP £9 Az AP Y-S

Q1 34e] Hojof @},

A d
o EHE @ wggel BAol AP APl =
A

S A sE) Aaw
I

1o
o
N
rﬁ
tlo
4]
o
ol
1
fu
ol
rlr
T

Foll AbgE AFRlY FoplEg e @
59 7 R BE BEA AnE olga] 98
Se) AR e wEshe Jon nise
A2 Ado} v, A7el Y W 5o fE
20ES AU uedal] ojele BHE tH 3
FA FAel et Fupalzre] FsmE

_|>~1

o & ot

g B TRetel TS P RE
blo) A W Atelel Aeekrl EAps
Ao g 7150 A meh Fwa
A FAER LRk W+ JE HE DA

i

JLN'

P -m
N

ot E

>
N2

R
kD
Y
AN T
LI
N
Bl
o,
®

[o K1 & e N bg ook pO &2 o
N
o,

=
o
o
N
2
m&i
i
é
o [‘—{U
o
S

F

o X2
rr
D
&
4
4
ox
ol
i)
i
rlo
rE
B
il
=
olo
'

o o tlo px ¥© 4z lo mi\
of rlr M
NS

V. 2 of

E AGE 19903 FH 20083714 AM&AvbEdy A
ulg-l ol A %L%f& AFnb 1345852 F 245979719

Y
N
Ml
o
%

225 1400m %47%31011 “LZOJ _H_

U519 45715300 Aol Hlart E7bsstel 4

sfel S delnst A3 45

V.9l 8 2 3

o —

. Akaike, H. 1973. Information theory and an extension of the

maximum likelihood principle. Second international symposium
on information theory. Paper No. 267-281.

. Bakhtiari, J. and Kashan, N. E. J. 2009. Estimation of genetic

parameters of racing performance in Iranian thoroughbred
horses. Livestock Science. 120(1-2):151-157.

. Chico, M. D. 1994. Genetic analysis of thoroughbred racing

performance in Spain. Ann Zootech. 43:393-397.

Ekiz, B. and Kocak, O. 2007. Estimates of genetic parameters
for racing times of thoroughbred horses. Turk. J. Vet. Anim.
Sci. 31(1):1-5.

. Meyer, K. 2007. WOMBAT —A tool for mixed model analyses

in quantitative genetics by restricted maximum likelihood
(REML). J Zhejiang Univ Sci B. 8(11):815-821.

. Montgomery, D. C. 2005. Design and analysis of experiments.

6th ed., Wiley., p. 94-95.

. Moritsu, Y., Terai, A. and Tashiro, T. 1998. Relationship

between sire breeding values for the rating score on turf and
dirt racing tracks in thoroughbred racehorses. J. Equine Sci.
9:89-92.

. Mota, M. D. S., Abrahao, A. R. and Oliveira, H. N. 2005.

Genetic and environmental parameters for racing time at
different distances in Brazilian thoroughbreds. J. Anim. Breed.
Genet. 122:393-399.

. Park, K. D., Lee, H. K., Jeon, G. J.,, Kong, H. S., Cho, B.

W., Cho, K. H. and Son, S. K. 2008. Trends on racing speed
traits in thoroughbred racehorses. Korean J. Anim. Sci. 50(6):
747-752.

. Schwarz, G. 1978. Estimating the dimension of a model. The

annals of statistics. 6:461-464.
Tukey, J. W. 1953. The problem of multiple comparisons.
Unpublished notes, Princeton University.

| Asla, 71549 Za (BFYA 2009 2. 6./ FYAF:2009. 4. 20. /
Aol djal HEssAEe] 9ol Wk Was Rojeiyl  AHUA:2000. 4. 21)



