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Abstract

A preliminary investigation into the structure of the competing sport horse population within the UK for the year
2000 was undertaken, comprising 30 974 horses and 39 679 individual performances. All performance data were
expressed as total lifetime winnings. The level of non-winning horses, expressed as a percentage, was high in all
disciplines: dressage 22%, eventing 50% and show jumping 23%. The percentage of horses competing in disci-
plines at the highest recognized level was small: dressage 2.5%, eventing 10% and show jumping 6.5%. Highest
earners for all disciplines all earned considerably more than the threshold for highest performance level in
their respective discipline ( X 2.2 dressage, X 24 eventing, X 365 show jumping). Data for all three disciplines
were highly skewed. Structural analysis of the distributions by level showed a highly skewed hypogeometric dis-
tribution at the lowest level of competition for all disciplines, uniform distribution at intermediate levels (bimodal
tendencies were observed within dressage) and normal distribution at advanced levels. Product- moment corre-
lations showed a significant correlation between show jumping and eventing (0.228, P < 0.01). Problems with
data availability and presentation may mean that up to 12.9% of the population may have had a confounding

effect on the results of this study.
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Introduction

Genetic evaluation and breed improvement systems
have been applied in many European countries to the
production of sports horse populations'. However,
the UK equine industry has not applied or developed
the methods of selective breeding and breed improve-
ment schemes implemented by its European neigh-
bours. This has resulted in the UK consistently failing
to breed sport horses of international class. This is
demonstrated by the sire rankings of the World Breed-
ing Federation for Sport Horses. Between 1990 and
1999, not one UK-bred show jumping or dressage
sire featured in the top 20 sires®. The situation is
slightly better in eventing, with three sires featuring
in the top 20 over this period, although the UK is

still outperformed by both New Zealand and Ireland”.
It is not clear how this situation has occurred. How-
ever, diversity in the type of horses used in the various
sporting disciplines (dressage, eventing and show
jumping) as a result of differing perceptions of compe-
titors, breeders and breeding societies may be a causa-
tive factor. Lack of specificity in breeding objective has
already been identified by a number of authors>? as a
major contributory factor in sub-optimal breed
improvement. Small populations with non-random
matings, long generation intervals, performance recog-
nition at advanced age and high number of colts
gelded at a young age are problems affecting the suc-
cessful production of sport horses®. It is also important
to note that there is a strong likelihood that much of
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the genetic potential of horses evaluated using per-
formance data is moderated by other ‘environmental’
factors, for example the ability of the rider and the
motivation and aspiration of the competitor. It is there-
fore suggested that, before any formal genetic analysis
can be conducted, preliminary analysis of performance
data be undertaken with the aim of identifying the
structural attributes of the data collated (including
the occurrence of missing data).

From the UK perspective, the inclusion of the three
disciplines (dressage, show jumping and eventing) in
the strategy for sport horse breeding is important.
The three disciplines are run unilaterally to national
level by three self-governing bodies, the British Show
Jumping Association, British Eventing and British Dres-
sage. Each governing body is responsible for recording
performance data for all animals competing at national
level in its discipline. Until 2000, all data were then
collated by the British Horse Database (BHD)’. This
is not an ideal situation but may assist in the develop-
ment of breed improvement schemes. The present
paper reports an evaluation of the UK sport horse
population using data from the BHD and highlights
the structure of designated sub-populations defined
by performance that may be important in the develop-
ment of breed improvement schemes. A preliminary
investigation into sire registration details is also under-
taken. Additionally, comment is made on the historical
change in number of horses registered for the different
disciplines.

Materials and method

Approximately 75000 horses had a BHD registration
number by the year 2000°. The database used in this
preliminary analysis of UK sport horses was from
horses competing in 2000. Data handling problems
and data availability resulted in only those horses com-
peting in the year 2000 being analysed within this
study. This population comprised 30974 horses that
had a total of 39679 lifetime performances’. Analysis
of registration by discipline (dressage, eventing or
show jumping) showed 32766 horse registrations in
2000°. Further analysis of how the data were pre-
sented showed a confounding effect. It was possible
for a horse to be registered to compete in a specific
discipline in 2000 (e.g. dressage) and to have its life-
time performance in another discipline (e.g. eventing)
also recorded, even through they were not registered
for that discipline (eventing) in 2000. It was not
possible to remove these horses from the data analysis.
Neither was it possible or within the scope of this
paper to analyse or speculate on the reasons for
approximately 44000 horses not competing. Such
records were classified as missing at random (MAR).
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List-wise deletion of records identified as MAR was
done according to the approach of Little and Rubin®.

The dataset was subdivided by performance into
dressage, eventing and show jumping. The classifi-
cation of prize fund distribution is fairly detailed and
dependent on the level of competition performed at,
and it is beyond the scope of the current paper to
review this in full. Briefly, in all disciplines points or
prize money will be amassed over a horse’s lifetime
to give a lifetime performance for the horse. The
data for a horse’s performance in the dressage disci-
pline were points awarded for the final percentage
score accredited to the horse within competition,
and were not adjusted for level of competition’. The
data collated from eventing were points achieved in
competition with points being awarded in relation to
level of competition and final finishing position
within that competition®. Performance during show
jumping was evaluated as financial return (& won).
Financial return in show jumping takes into account
the level of competition and position attained in com-
petition®.

All performance data reported for competing horses
were recorded as total lifetime winnings for the
animal. For each discipline, a single score (either
points won or monetary winnings) was recorded for
that animal’s total lifetime performance. Each popu-
lation of horses competing (as defined by discipline)
was subdivided by level of ability as follows:

e Dressage: preliminary (0-37 points), novice (38-
74 points), elementary (75-149 points), medium
(150-249 points), advanced-medium (250-324
points) and advanced (in excess of 324 points);

« Eventing: novice (0-20 points), intermediate (21 -
60 points) and advanced (in excess of 60 points);

¢ Show jumping: grades C (£0-799), B (£800-1799)
and A (in excess of £1799).

These individual sub-populations, as well as the
complete populations of horses performing in dres-
sage, eventing and show jumping, were described
using central tendency theory (mean, median, stan-
dard deviation (SD) and coefficient of variation).
Measures of normality using skewness and kurtosis
tests'® for each population of horses performing in
dressage, eventing and show jumping were also deter-
mined. Bivariate product - moment correlations'® were
calculated between points achieved at dressage, event-
ing and financial returns from show jumping of
individual animals performing. The three disciplines
were assessed after transformation of the data
(log score + 1) according to the method of
Silvestrelli et al.''.

Registry of horses by discipline was examined for
the year 2000. Further retrospective analysis was
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conducted with registry in preceding years 1997 -
1999214 and 1988'°. The years 1997-2000 rep-
resented the life span of the BHD Sports Horse
Annual and offered complete and accurate records
of registry by discipline. Comparative analysis of regis-
try of horses in 1988 was conducted on the basis of
the publication of the Peat Marwick McLintock
Report'®, the last comprehensive investigation into
the equine industry. Analysis of sire details was investi-
gated within the limitations imposed by the manner of
data presentation and availability. Sire registration was
examined. Additionally, the number of sires offering
artificial insemination was determined. A sample of
2% (n =618) horses competing was selected by
random sampling (random number generation) to
determine the incidence of registered sires. This
potentially may allow an evaluation of records of
sires for completeness and the possible use of records
for further analysis for the implementation of breeding
schemes. All statistical processing was conducted

using SPSS version 10'°.

Results

The population of horses selected was 30974, com-
prising 39 679 lifetime performances at affiliated com-
petitions (dressage, eventing, show jumping). The
studied population did not include any animals that
were not registered to compete in 2000. Descriptive
analysis of horses by discipline (show jumping, event-
ing and dressage) is presented in Table 1. Of the 8705
performances additional to total horses (z = 30974),
it was possible to classify 1792 as being from dual-
or tripleregistered horses (# = 32766). The popu-
lation did, however, include horses that might not
have competed in a discipline for which they had
been registered in previous years but not in 2000;
their inclusion was due to their registration to com-
pete in another discipline during 2000. This amounted
to 5121 performances, 12.9% of the population.

The total number of horses registered for all disci-
plines increased by 24.5% over the period 1988 -2000.
From 1997 to 2000, the annual increase in registrations
for all disciplines was 3.6%. The number of horses regis-
tered for show jumping during the period 1988 -2000
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increased by 9.3%, whereas the numbers of registrations
in eventing and dressage increased more rapidly (54.0%
and 57.9%, respectively) during the same time. How-
ever, the proportion of horses registered for each disci-
pline (period 1997-2000) remained relatively stable
(1997 ws. 2000, respectively: dressage, 18.1% wvs.
20.5%; eventing, 25.7% wvs. 24.7%; show jumping,
56.2% vs. 54.8%). The total number of horses registered
for show jumping declined by 10% during the period
1997-2000, whereas total numbers of animals regis-
tered for eventing and dressage increased by 5.2% and
5.9%, respectively.

Population distribution structures for the three indi-
vidual performing populations based on the level
attained for lifetime winnings (points for dressage
and eventing, monetary for show jumping) are given
in Table 2. The sub-populations of animals performing
in dressage at different levels of competition show
considerable variations in their individual structure.
At dressage preliminary level (z = 5758 horses), the
geometric mean score was 0.850 (SD 0.69). The over-
all structure (Fig. 1) of the sub-population was hyper-
geometric (median score at preliminary level was 0),
with 31.4% of the horses competing failing to score
any points. At novice level (Fig. 2), the geometric
mean was 2.016 (SD 0.09; n = 1284) and modelled a
uniform distribution with boundaries of scores ranging
from 75.8 to 149.6. At medium level (Fig. 3) of compe-
tition, a comparable low level of variation was
observed with geometric mean of 2.279 (SD 0.07;
n = 638). However, there was a distinct bimodal struc-
ture to the sub-population with scores clustered
around 154 (geometric mean of 2.188) and 237 (geo-
metric mean of 2.375) points. The number of horses
competing at advanced-medium level dressage
events was 231. No distinct distribution structure
(Fig. 4) could be modelled in the data; however,
a low level of variation was observed around the
geometric mean of 2.458 (SD 0.04). At the highest
level of competition (advanced; n = 175), a normal
distribution of scores (Fig. 5) was observed with a
geometric mean of 2.610 (SD 0.006).

In the case of eventing, horses competing at novice
level (Fig. 6) performed with a mean score of 1.9
(geometric mean of 0.290). There was, however,

Table 1 Numbers of competing British sport horses

1988 1997 1998 1999 2000
Discipline n % n % n % n % n %
Dressage 3620 14.6 5300 18.1 5600t 18.4 6200 19.6 6700 20.5
Eventing 4834 19.5 7552t 25.7 7800 25.7 7800 24.8 8100 247
Show jumping 16288* 65.8 16 5001 56.2 17000t 55.9 17500 55.6 17966 54.8
Total 24742* 29352 30400 31500 32766

Percentages expressed as a proportion of the whole population.

Sources: *Peat, Marwick and McLintock'®; tWakeham'”; rest from British Horse Database 19972, 19982, 1999'* and 2000°.
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Table 2 Descriptive statistics of competing populations in 2000

Dressage Eventing  Show jumping
No. horses registered 8086 9315 22278
in 2000 database
Points Points £
Maximum individual 77 1461 658 309
winnings
Mean winnings 61.38 24.04 803.58
Median winnings 24.00 0.00 49.00
Standard deviation 87.17 75.41 9158.80
2000
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considerable variation (SD 2.8 points) and 65.9% of the
horses competing at this level failed to attain any
points. At novice level, the performance of horses
competing was heavily skewed and modelled a hyper-
geometric distribution with a median score of 0. Per-
formance of horses at intermediate level (n = 1232)
(Fig. 7) was consistent (uniform distribution) over a
range of scores from 22.4 to 63.1 (geometric mean
1.530, SD 0.13). However, at advanced level (Fig. 8),
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the majority of horses (57.5%) competing (17 = 956)
achieved less than 100 points. The geometric mean
score of the negative exponential distribution was
2.110 (8D 0.29).

Approximately a quarter (26.5%) of horses compet-
ing (5189 of 19563) at grade C show jumping failed
to earn any money at any competition. The geometric
mean was 1.350 (SD 0.94) and the structure of the sub-
population was modelled to a hypergeometric distri-
bution (Fig. 8). A uniform distribution (Fig. 9) bounded
by earnings of £795-1778 with a mean earnings of
£1140 (geometric mean 3.057, SD 0.10, n = 1266)
was observed at grade B of competition (Fig. 10). A
negative skewed distribution was observed at grade
A show jumping (Fig. 11). The average earnings were
£4571 (geometric mean 3.660, SD 0.40, n = 1449);
however, 58.7% of the population of horses did not
earn more than £5500. The maximum earnings at
advanced level was £658 3009.
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A significant (P < 0.01) positive correlation
accounting for 29% of variation in performance
was observed between show jumping and eventing
(Table 3). However, no relationships between perform-
ance at show jumping and dressage, or at eventing and
dressage, could be identified.

The sample of 618 horses (2% of the whole popu-
lation) selected at random suggested that 67% were
sired by registered stallions and 33% had unrecorded
parentage. A total of 797 stallions were registered on
the British Horse Database’; of these, 67.6%
(n = 539) have at least one competing sib. The four lar-
gest registries of stallions were Weatherbys Non-Thor-
oughbred Register (17%), Thoroughbred General Stud
Book (16%), Anglo European Stud Book (16%) and
Sport Horse Breeders of Great Britain (16%). Fourteen
per cent of stallions were registered with breeding
societies/associations that can be regarded as non-
sport horse in nature. Only 0.8% (nz = 6) appeared to
have no form of formal registration. A total of 118 stal-
lions are currently declared as offering artificial insemi-
nation, 14.8% of the population of registered stallions.

Discussion

All three disciplines operate a system of thresholds,
whereby once a horse has attained a certain level it is
no longer allowed to compete below that level. This

Table 3 Correlations of total lifetime earnings between disci-
plines for competing horses in 2000

Show

Dressage jumping

0.022 (n = 2493)
0.037 (n = 2448) 0.228* (n = 5586)

Eventing

Eventing
Show jumping

*Correlation is significant at the level P < 0.01 (two-tailed).
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means that an analysis at each grade or performance
levelis possible as no animal is represented in two differ-
ent grades or classes within the data collated. However,
there are considerable problems associated with using
lifetime performance as an indicator for breed improve-
ment schemes. The problems include inequalities
within the distribution of prize and point funds within
and between competitions, especially in performance
assessment between animals. These problems have
been reviewed elsewhere'®'®. Additionally, when life-
time points earnings were awarded subjectivity
(within the mechanisms to award points), various diffi-
culties became evident in interpretation of the data®’.

One of the most important problems encountered
when assessing the performance of horses for breed-
ing improvement schemes is the effect of the pro-
portion of the population that does not register to
compete. The reasons for non-registration for compe-
tition are not possible to identify from the data pre-
sented in the database. Further analysis of recorded
individuals over an extended time period would be
required to correctly classify the ‘missing data’. It is,
however, reasonable to assume that an animal that
did not register may be classified as MAR rather than
completely missing at random. Therefore a process
of list-wise deletion has been applied to the data®.
This approach has been successfully and routinely con-
ducted within other population datasets of equine
competitorszl.

Lifetime performances of UK sport horses compet-
ing in 2000 have been reported in this study for all dis-
ciplines (dressage, eventing and show jumping).
However, there is a problem associated with the data
series. If a horse was registered for discipline and
then re-registered for another discipline, its rating for
the original discipline was included in the database.
This means that an animal may not have competed
in a discipline in 2000 but its lifetime performance
for that discipline would be recorded if it had per-
formed in either of the other two disciplines in
2000. This accounted for approximately 12.9% of the
data available for analysis. Any conclusions that are
drawn have to consider this confounding effect on
the dataset (Table 1).

The maximum recorded winnings of any individual
horses in each discipline are well above the threshold
for the highest graded level in that discipline nation-
ally. For dressage, the maximum recorded winnings
were 717 (2.2 times greater than the 325 advance
points threshold), for eventing 1461 (24 times greater
than the 61 points advanced threshold) and for show
jumping £658309 (365 times greater than the grade
A threshold of £1800). This may lead to misrepresenta-
tion in measures associated with performance when
comparing horses that are in excess of the advanced
grade for their individual discipline.
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The use and measure of mean winnings for all three
populations is unlikely to provide a true reflection of
the population structure and therefore has limited
value for animal breeding. The mean winnings for dres-
sage for the whole UK sport horse population is 61,
yet 31.4% of the population were recorded as 0
points at preliminary level. In contrast, the mean
points for eventing is 24, with 77% of the registered
population having won 20 or less points (novice
level and non-winners). For show jumping the mean
winnings is £804; however, 88% of the registered
population won less than £800. The skewed nature
of the distributions is not unexpected and the overall
structure of the populations is similar to those found
in Irish sport horses'®. These factors lead to consider-
able difficulty in use of this approach to identify poten-
tial elite animals for a selective breeding programme.

A degree of commonality in distribution patterns at
varying levels of competition is observed. At the
lowest levels of competition for each discipline (pre-
liminary dressage, novice eventing and grade C show
jumping), a highly negatively skewed, hypergeometric
population distribution is observed (Figs 1, 6 and 9). At
intermediate levels of competition (novice, medium
and advanced - medium dressage, intermediate event-
ing and grade B show jumping) a more rectangular
distribution with varying degrees of bimodality is
observed (Figs 2-4, 7 and 10). At the highest levels
of competition (advanced dressage, advanced eventing
and grade A show jumping), greater normality in distri-
bution patterns is observed (Figs 5, 8 and 11). Further
investigation is required into how these variations in
distribution pattern may affect the application of any
breed improvement scheme to the population.

The use of correlating performances between disci-
plines as a tool in aiding breeding decisions within a
population has been demonstrated in other equine
populations??. Correlations between the various com-
ponents of the three disciplines in this study were
weak or not present. A relatively weak (but significant)
relationship between performance at eventing and
show jumping was observed (Table 3). This obser-
vation is weaker than that reported by Ricard and
Chanu®'. No apparent relationship between show
jumping and dressage (Table 3) was identified in our
study. Other authors have reported only weak genetic
correlations between these two disciplineszs’%zs.
Philipsson et al’ reported pre-selection of horses for
disciplines as a major problem when assessing the suit-
ability of data for estimating genetic parameters and
genetic correlations. Additional to the problems
caused by pre-selection for discipline, the effect of
environmental variation has been well documen-
ted®’**>. The preliminary analysis of UK data for all
performance data by discipline suggested that 59% of
horses competing at eventing have been registered

49

for show jumping at some point in their career,
while only 25% of horses competing in show jumping
have been registered for eventing. Any comparison
between the data presented in this paper and other
studies is difficult as the UK data were collected
under different environmental conditions and lacked
the structured approach to measurement of perform-
ance adopted in Europe.

Problems associated with recorded parentage are
apparent in the UK sports horse population. A substan-
tial proportion (33%) of the competing population has
no recorded parentage. Of the remaining population
that have recorded parentage, further investigation is
required to ascertain the numbers that are verifiable
through genetic analysis. Furthermore, 32% of stallions
have no registered competing progeny, making any
assessment of the stallion population difficult. Of the
registered stallions, 16% are registered with the Gen-
eral Stud Book. These horses will not have have
been bred as sport horses but will have been
‘imported’ to the sport horse population from the
racing industry. When the registration in the General
Stud Book is combined with the 14% of sires registered
with other non-sport horse societies, approximately
30% of stallions recorded in the Sports Horse Annual
are not bred initially for the sports horse industry.
This proportion compares with estimates of 60-70%
in the New Zealand sport horse population26.

The number of horses competing in the UK has
increased between 1988 and 2000 by over 24%. Sub-
stantial increases are recorded in both dressage and
eventing. The apparent increase in horses registered
reflects the expansion in these two disciplines, in the
light of improved management (i.e. the formation of
British Dressage and British Eventing in 1999 and
1997, respectively) and accessibility of competition
in the UK. The number of mares in the sport horse
industry covered by stallions in the UK is difficult to
ascertain. Sports Horse Breeders of Great Britain
reported in 2000 that the average stallion registered
(total number of stallions registered 107) covered 16
mares®’. The top-ranked show jumping (by lifetime
progeny winnings) stallion in 2000 was reported to
have covered 15 mares whereas the top-ranked dres-
sage stallion covered 20 mares’. Age profiling of the
UK population would enable a more accurate picture
of the number of brood mares to be established. Unfor-
tunately, the current data recorded do not allow the
analysis. If the age profile of the UK population is simi-
lar to that in the Irish sport horse population®®, the lar-
gest single age group accounts for approximately 13%
of the population or about 4200 horses in the UK. If a
fertility rate of 65%°’ is applied to the mare popu-
lation, an estimate of a maximum of just over 6700
brood mares is produced. If this is correct, the average
stallion is covering approximately eight mares.
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Conclusions

If the UK is to compete with its European neighbours
and become a leader in the breeding of sport horses, it
needs to embark upon a comprehensive and systema-
tic review of its current sport horse industry.
A number of conclusions and recommendations
regarding the UK sport horse population, with particu-
lar reference to the feasibility of introducing a breed
improvement scheme, may be drawn from the present
study.

The data used herein were in raw form and there-
fore subjected to environmental as well as genetic
effects. Analysis of genotype and environmental factors
has to be performed; however, the current recording
method lacks a degree of quantification. Ideally, all per-
formance for all horses - whether currently registered
or not - should be recorded. There is also a lack of
data regarding age and sex, making it impossible to
predict the effect of these factors on competition
performance.

The structure and manner in which performance
levels are recorded needs to be reviewed, particularly
at the higher and lower levels of competition. It is
clear that there is a degree of commonality in data dis-
tribution patterns between disciplines at the same
level. This can be concluded as hypergeometric at
novice level, uniform at intermediate levels and Pois-
son distribution at advanced levels. The causative fac-
tors of these patterns need further investigation.
Many horses are competing well above the current
highest threshold in the UK and therefore may be com-
pared unfavourably with horses that have just reached
this threshold. Additionally, many horses within disci-
plines are recorded as having no points or monetary
winnings. Few conclusions can be drawn from corre-
lations between disciplines. Where significant corre-
lations do exist, between show jumping and
eventing, pre-selection of horses will have played a
major role. It is also apparent that the vast majority
of competitors are competing at a relatively low level
within their sport. The implications of this for elite
riders and horses need to be considered within any
breed improvement model as a major potential
source of environmental variation.

Lack of recorded parentage is a large problem when
consideration is given to implementation of any breed-
ing model. Currently two-thirds of the population have
recorded sires, although the number of these that are
verifiable requires further investigation. Studies into
any change in pattern of parentage recording should
be conducted with regard to the level at which the
horse is competing. The number of sports horse
stallions in the UK is high compared with the compet-
ing population as a whole. The number of mares cov-
ered on average is too small for the elite stallion
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population to have any real effect on the overall
improvement of horse quality in the UK. The impli-
cations of this and the previous comments need care-
ful consideration before the implementation of a
breed improvement model for sports horses within
the UK.
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