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Abstract 

The current world trotter record is 68.0 s/km,
close to the estimates of the record limit
reported in literature: 68.2 s/km for males and
69.1 s/km for females in Swedish trotters. The
estimated limit has been improved on and the
record limit was, therefore, investigated in the
Italian trotter using the same methodology
applied to the Swedish trotter. The best racing
times of 30,587 Italian trotters (3-5 years old)
recorded between January 1st 1992 and October
31st 2009 have been log transformed to check
for trends and asymptotic limit. A positive
trend was detected and limits of 61.8 s/km and
62.8 s/km have been estimated for males and
females, respectively. The Generalized
Extreme Value theory, applied to the 3-year old
winners of the Italian Trot Derby, estimates a
limit of 64.7 s/km. These results indicate that
the limit for racing speed is still far from actual
values. 

Introduction

The breeding evaluation of trotters can be
based on three different measures of perform-
ance: earnings, rank traits, and time traits.
Genetic correlations between these measures
are favorable and racing time, a measure of
the ability to trot fast, seems to be more suited
for selection because of its higher heritability
(Thiruvenkadan et al., 2009). Speed is the
result of a complex interaction of anatomical,
physiological and environmental factors, such
as body size, limb morphology, level of training,
the distance over which the speed is measured
or the ground conditions. In thoroughbred rac-
ing, analysis of historical stakes revealed that
the genetic plateau for speed has already been

reached (Gaffney and Cunningham, 1988). For
the Swedish trotter, it has been estimated that
the genetic plateau will be reached around the
middle of this century, with a record of 68.2
s/km (Árnason, 2001), but this limit seems to
be very close to the present racing times. In
fact, the current world record for harness rac-
ing is 68.0 s/km recorded for Enough Talk in
2008 (http://www.harnesslink.com).

The aim of this study was to verify whether
the tendency to reach a genetic plateau is also
present in Italian trotters. In order to get com-
parable results, the same methodology used in
the analysis of the Swedish trotter population
was applied (Árnason, 2001). Also, the maxi-
mum speed registered in the 83 editions of the
Italian Trot Derby was analyzed according to
the Generalized Extreme Value (GEV) theory
in order to compare these speeds with the dis-
tribution limit.

Materials and methods

The dataset used for the analysis of racing
speed in the Italian trotter population ranged
from January 1st 1992 to 31st October 2009.
There were 2,526,126 results available on
161,363 horses, recorded from 253,052 races in
30,438 competition days from all 27 Italian
racetracks. Data were filtered according to the
same criteria applied to Swedish trotters so
that 36,185 Italian trotters born in the period
1989-2004 who completed a minimum of five
races between three and five years of age with
a valid record were chosen. In addition, a value
of 2 s/km was added to auto-start (e.g. flying
start) records in order to neutralize the differ-
ence with volt-start records and to get esti-
mates comparable to those in the literature
(Árnason, 2001). The records included 13,967
(38.6%) from entire male horses, 5,598
(15.5%) from geldings and 16,620 (45.9%)
from mares. However, the distribution of geld-
ings in the records was very hyperkurtotic in
comparison to entire males, so that only 30,587
records from males and females were ana-
lyzed. All data were processed using the R soft-
ware (R Development Core Team, 2007).

Distribution of the average racing time
records was found to be asymmetric within the
population. Previous studies showed that
scaled log transformation of racing time result-
ed in a closer fit to the normal distribution
compared with the untransformed records
(Árnason et al., 1982). Therefore, to improve
the approximation to the normal distribution,
the Italian trotters racing time records were
logarithmically transformed as 

yi = ln (ki - x)

where ki is the best average racing time (s/km)
of the ith horse and x is an arbitrary value,
empirically searched for in the range between
50 s/km and 70 s/km, so that the transforma-
tion would provide the best approximation to
the normal distribution. Goodness of fit was
assessed separately for each sex using the val-
ues of the skewness and kurtosis coefficients.
The distribution of transformed records was
compared, separately for each sex, with the
univariate normal distribution using the
Kolmogorov-Smirnov statistical method car-
ried out with the boot-strap method. Since ki
can be expressed as eyi + x, the parameter ki
becomes the asymptotic limit for best racing
time.

In order to determine the time trend of aver-
age, minimum and maximum values for the
best racing time in both sexes, the following
function was fitted:

K = x (1 + e-pt)

where x is the asymptotic limit as defined
above, p is a positive constant and t is an arbi-
trary time unit. The optimal values of p and t
(expressed as the distance of the birth year
from an arbitrary value z) were empirically
chosen by minimizing the prediction error for
p values in the range 0.001÷0.040 and t values
in the range 1800÷1900.
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The trotter Derby is the most important tra-
ditional stake in Italy and the best 3-year old
trotters qualify for the race each year. In order
to check if the genetic plateau for speed has
already been reached, a dataset was prepared
which included winners’ time and type of start
recorded in all 83 editions of the Derby. This
dataset was analyzed according to a Gene -
ralized Extreme Value distribution.

The statistics of extremes (Fisher and
Tippett, 1928; Gumbel, 1958; Jenkinson, 1959;
Smith, 1986; Gaines and Denny, 1993; Coles,
2001; Beirlant et al., 2005) asserts that the dis-
tribution of extreme values should asymptoti-
cally conform to a Generalized Extreme Value
(GEV) distribution: 

where P(V) is the probability that an annual
maximum speed chosen at random is ≤V. The
shape of this cumulative probability curve is
defined by three parameters: ξ, a shape param-
eter; µ, a location parameter that can take any
value; and σ, a positive scale parameter.

If ξ is ≥ 0, the shape of the distribution of
extreme values is such that there is no defined
limit to the extremes that can potentially be
reached. On the contrary, if ξ < 0, P=1 when

V= µ– �σ�: therefore, in this case, the distri-
bution of extreme values has a defined
absolute maximal value. This ability to define
and quantify absolute maxima makes the sta-
tistics of extremes a very promising approach
for the study of maximum running speeds
(Denny, 2008; Einmahl and Magnus, 2008;
Einmahl and Smeets Sander, 2011).

All extreme value analyses were carried out
using extRemes software (E. Gilleland and R.
W. Katz, NCAR Research Applications
Laboratory, Boulder, CO, USA), an implemen-
tation in the R language of Coles’ ismev pack-
age. The confidence limits for ξ, µ and σ were
determined using the profile likelihood
method (Coles, 2001; Albin, 2004; De Haan and
Ferreira, 2006). 

Results and discussion

In the Swedish trotter dataset, only 8% of
the best racing times were obtained from auto-
start races (Árnason, 2001). In contrast, in the
Italian trotter dataset more than 99% of the
best racing times were from this kind of start.

This difference is not only due to the different
traditions in Sweden and Italy, but also to the
evolution of harness racing. In fact, it must be
considered that currently there are very few
exceptions to the start behind the wings of a
car. The dataset, adjusted for the starting
method, has been divided into two subsets
relating to males and females. Descriptive sta-
tistics summarized within sex and birth-year
are shown in Table 1. The distribution of the
racing times presented values of the mean and
standard deviation are, respectively, 79.46
s/km and 2.25 s/km, and the indices of skew-
ness and kurtosis are 0.48 and 0.79, respective-
ly. Logarithmic transformation is able to better
normalize the distribution. In fact, values of
skewness and kurtosis of the natural logarithm
fall to 0.37 and 0.57. Also, the Kolmogorov-
Smirnov test showed an improvement in the
approximation to normal distribution after the
logarithmic transformation. In fact, the D

value falls from 0.039 to 0.033.
There is a significant annual improvement

in performance in both sexes. With a linear
regression, there is a slope of -0.168 s/km (R²=
0.988) for males and -0.148 s/km (R²=0.977)
for females. These yearly improvements are
comparable with those of the Swedish trotters
(-0.157 s/km with R²=0.974 for males and 
-0.170 s/km with R²=0.961 for females), but it
must be noted that in 1994, the last birth-year
available in the Swedish trotters’ study, Italian
trotters show slower racing times. However
these improvements do not seem to be accom-
panied by a reduction in variability and this is
in contrast to what has been observed in
Swedish trotters (Árnason, 2001). 

The trends of the empirical searches of the
minimum values of skewness and kurtosis of
(ki-x) are reported in Table 2 for males and in
Table 3 for females. The plots of these values
(data not shown) follow a regular shape. The
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Table 1. Descriptive statistics of best racing time (s/km, adjusted for the starting method)
for the Italian Standard bred trotters by sex and birth-year.

Males Birth-year n Average SD                         Min                       Max

1989 779 80.52 2.00                       75.00                      87.10
1990 843 80.28 2.10                       75.30                      87.20
1991 909 80.16 2.05                       74.30                      88.70
1992 827 79.99 2.14                       74.40                      89.90
1993 916 79.80 2.06                       74.10                      87.70
1994 880 79.73 2.09                       74.00                      92.80
1995 850 79.73 2.39                       73.70                      96.40
1996 735 79.22 2.22                       72.80                      88.20
1997 780 79.07 2.21                       74.30                      87.90
1998 843 78.93 2.10                       74.20                      89.20
1999 886 78.87 2.23                       73.80                      87.60
2000 915 78.80 2.24                       73.60                      88.00
2001 899 78.49 2.27                       73.60                      89.80
2002 972 78.36 2.30                       73.60                      87.90
2003 929 78.12 2.35                       73.00                      90.40
2004 1004 77.92 2.18                       72.90                      90.20

Females Birth-year n Average SD                         Min                       Max

1989 655 80.87 1.98                       75.60                      91.70
1990 785 80.84 2.07                       75.00                      89.90
1991 831 80.74 2.15                       75.30                      91.70
1992 949 80.44 2.00                       74.80                      87.60
1993 954 80.29 1.89                       76.00                      89.60
1994 969 80.32 1.98                       75.10                      89.90
1995 1025 80.28 2.07                       74.10                      91.70
1996 1025 80.00 2.17                       74.90                      92.60
1997 1068 79.89 2.20                       73.90                      91.10
1998 1090 79.77 2.15                       74.70                      88.10
1999 1063 79.47 2.10                       74.70                      90.70
2000 1249 79.32 2.18                       74.30                      91.20
2001 1210 79.36 2.19                       74.10                      90.80
2002 1281 79.11 2.28                       73.40                      88.90
2003 1255 78.88 2.34                       72.40                      89.70
2004 1211 78.56 2.18                       72.90                      87.00

SD, standard deviation. 
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asymmetry coefficient reaches its minimum,
in module, for males when x equals 61.8 s/km
with 0.00183 and for females when x equals
62.8 s/km with 0.00120. The coefficient of kur-
tosis is always positive, reaching a minimum
of 0.08601 when x equals 61.3 s/km for males
and of 0.28823 when x equals 62.9 s/km for
females. Also the empirical search for mini-
mum values of Kolmogorov-Smirnov D gives
similar results. For males, minimum value was
found at x=60.8 s/km (D=0.015), and for
females at x=62.0 s/km (D=0.018). The shape
of the plot of D values is less regular than for
skewness and kurtosis. This was expected
because of the greater power of the D statistic
and also because of the bootstrap methodology.

The results of the empirical searches for the
scaling factor with different normality indexes
show that the range of the optimum x within
each sex is about 1 s/km, depending on the
preferred index. Also, the difference between
males and females is about 1 s/km. These val-
ues agree well with Swedish trotter results,
and the asymmetry index was chosen in order
to get further comparable results. Therefore,
the asymptotic limit of racing time was fixed to
61.8 s/km for males and to 62.8 s/km for
females; that is considerably lower than the
estimates for Swedish trotters (Árnason,
2001).

The search for optimal values of p and t to
estimate the time trend of average, minimum
and maximum values has provided the follow-
ing equations:

male K aver birth-year
= 61.8{1 + e[-0.010(birth-year–1870)]}

male K min birth-year

= 61.8{1 + e[-0.009(birth-year–1815)]}

male K max birth-year 

= 61.8{1 + e[-0.005(birth-year–1834)]}

female K aver birth-year

= 62.8{1 + e[-0.009(birth-year–1852)]}

female K min birth-year

= 62.8{1 + e[-0.014(birth-year–1876)]}

female K max birth-year

= 62.8{1 + e[-0.009(birth-year–1830)]}

Trends for males are shown in Figure 1 and
for females in Figure 2. In both sexes, there
was very good adaptation to the mean values
and also but to a lesser extent to the minimum.
The maximum values showed evident fluctua-
tions. The asymptotic limit of the Swedish trot-
ter has been estimated at 68.2 s/km. In an
auto-start race, this record will be met in 2038
by Swedish trotter males and in 2037 by Italian
trotter males, according to the trend equation
of each breed. For the average, the same
record should be reached in 2095 by Swedish
trotter males, but already in 2069 by Italian
trotter males. The asymptotic limit 61.8 s/km
estimated for the Italian trotter will be reached
in an auto-start race at the end of the following
century (year 2194).

Despite the rapid progress of the Italian trot-
ter, if the plateau is defined as the year when
the minimum and the average best racing
times for males will have a difference lower
than the measured unit (which is 0.1 s/km),
the plateau will be reached by the two trotter
populations in a comparable time. In fact, the
estimated years are 2272 for the Italian breed
and 2285 for the Swedish breed. The current

race records in Italy are still far from these
estimated limits. 

A completely different methodology, such as
GEV, applied to a different dataset can support
the previous findings. Therefore, using the
theory of extreme values, we investigated from
which distribution came the racing speeds of
the winners of the 83 editions of the Italian
Trotting Derby. For this dataset, the correction
of the racing times was based on the differ-
ence between the average of the last five edi-
tions started with the volt-start (1949-1951)
and the first 5 editions started with the auto-
start (1951-1956), so that for the races started
with the volt-start method the racing times
have been reduced by 4 s/km.

The times recorded by the winner, corrected
for the starting method, constitute the set:

V=�v1,...,v83�

where V is the maximum value measured for
each edition winner, expressed as speed (m/s).

The analysis provided the following esti-
mates: for the parameters μ, 12.40896 m/s with
a standard error of 0.06438 m/s; for σ, 0.48116
m/s with a standard error of 0.04948 m/s; for ξ,
0.15881 m/s with a standard error of 0.12823
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Table 2. Results of the empirical search for
scaling factors, x, which result in normal
distribution of yi=ln(ki–x) according to
skewness and kurtosis criteria in males.

x, sec Skewness Kurtosis
...
59 0.07053 0.09388
60 0.04751 0.08885
61.0 0.02153 0.08619
61.1 0.01875 0.08609
61.2 0.01593 0.08603
61.3 0.01307 0.08601
61.4 0.01017 0.08602
61.5 0.00723 0.08608
61.6 0.00425 0.08618
61.7 0.00123 0.08632
61.8 -0.00183 0.08651
61.9 -0.00493 0.08674
62.0 -0.00808 0.08703
...
69 -0.49261 0.69877
70 -0.72121 1.43757

Table 3. Results of the empirical search for
scaling factors, x, which result in normal
distribution of yi=ln(ki–x) according to
skewness and kurtosis criteria in females.

x, sec Skewness Kurtosis
...
60 0.06528 0.29845
61 0.04466 0.29306
62 0.02165 0.28940
62.1 0.01920 0.28916
62.2 0.01672 0.28894
62.3 0.01421 0.28875
62.4 0.01167 0.28859
62.5 0.00910 0.28845
62.6 0.00650 0.28835
62.7 0.00387 0.28828
62.8 0.00120 0.28824
62.9 -0.00150 0.28823
63.0 -0.00423 0.28826
...
69 -0.27756 0.47313
70 -0.36708 0.61803

Figure 1. Observed (indicators) and pre-
dicted (lines) trends in the best average
racing time records (s/km) in Italian
Standard bred male trotters by birth-year.

Figure 2. Observed (indicators) and pre-
dicted (lines) trends in the best average
racing times records (s/km) in Italian
Standard bred female trotters by birth-
year.
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m/s. Since the maximum likelihood method
provides a confidence interval for the shape
parameter ξ between -0.30428 and -0.01334,
that is greater than -0.5, the maximum likeli-
hood method can be considered appropriate
and used to test the confidence intervals. In
fact, when ξ>-0.5 the maximum likelihood
estimators exist, they are regular and have
their usual properties, while for 1<ξ<0.5 the
estimators exist but are not regular and for
ξ<–1 the estimators do not exist. (Smith,
1986; Lindgren and Rootzen, 1987; Coles and
Tawn, 1994; Coles, 2001). 

Since it is assured that the maximum likeli-
hood method can be used and that the distribu-
tion is upper limited, the upper point of the
distribution is defined as: 

The speed of 15.43874 m/s is equal to a rac-
ing time of 64.8 s/km. Although the horse per-
formance in the Derby refers to both male and
female animals who are still only three years
old and have certainly not yet expressed their
full potential, there is a difference of 8.2 s/km
between this limit and the actual Derby record
(73 s/km in 2005 and in 2006). This difference
appears to be similar to the 9.4 s/km estimated
in the other dataset between the best actual
record (72.4 s/km for a female in 2003) and the
asymptotic limit for the same sex (62.8 s/km).

Conclusions

Logarithmic transformation is appropriate
to normalize the distribution of best racing
times of the Italian trotters. The observed

trend shows a good improvement in this trait.
The calculation of its asymptotic limit, the pre-
vision of its trend and also the application of
the extreme value analysis to the Italian
Trotting Derby winner’s speed suggest that
Italian trotters are still quite far from reaching
their limits and that more than a century will
pass before the performance of the horses
reaches its plateau.
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