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Introduction

Harness racing has long been popular in Sweden and Norway. In both countries, specialized
breeding for trotting performance led to a separation in the mid-1960s of the Coldblooded
trotter from the old native breeds, North Swedish horse and Dola horse, from which it
descended. Today, there is a joint breeding programme across the two countries, and the
Coldblooded trotters are primarily bred for racing performance. A multiple-trait animal model
was adopted for genetic evaluation in the 1990s. Intense selection favouring certain stallions
has led to a rapid increase in relatedness and inbreeding in the population (Arnason, 2011;
Velie et al., 2019; Berglund et al., 2025). The effective population size was estimated to be 50
by Olsen and Klemetsdal (2020), and 42 by Berglund et al. (2024). The annual number of
coverings has decreased by approximately 50% since the 1990s and amounted to only about
1,000 in total in 2025 (Swedish Trotting Association, 2025). This makes it urgent to manage
inbreeding and to keep the breed healthy and robust. Previous studies on Coldblooded trotters
have shown unfavourable effects of inbreeding on fertility (Klemetsdal and Johnson, 1989),
risk of bilateral carpal joint arthritis (Dolvik and Klemetsdal, 1994), and earnings (Klemetsdal
1998). Increasing societal focus on welfare of competing horses stresses this further, as animal
welfare, as well as owner economy, could potentially be harmed by negative effects of
inbreeding in the breed. Raising awareness among breeders about the risks associated with high
inbreeding rates in the current population is important. Therefore, the aim of this study was to
estimate inbreeding depression in racing performance traits of Coldblooded trotters.

Materials & Methods

Pedigree data and yearly records from trotting races in Sweden and Norway were provided by
the Swedish Trotting Association. The data were edited and traits defined following the rules
used in the routine genetic evaluation. The binary trait start status (whether a horse started (1)
or not (0) as a three- to six-year-old) was included for 63,781 Swedish and Norwegian horses
born between 1978 and 2020. A total of 29,560 of those horses also had information about
summarized racing performance traits as three- to six-year-olds. The performance traits
included summarized earnings, record time per kilometre after adjustment for start method,
and proportion (in percentage) of races with first or second placings. The summarized
performance traits were transformed to be approximately normally distributed, and the
earnings were standardized within registration country and birth year, as (standardized
(earnings)®?%), (record time in tenths of a second above one minute per km)®°, (number of 1%
and 2" placings x 100 / Number of races)®> (Table 1).

Inbreeding coefficients were estimated for all horses using the full pedigree, as well as seven
ancestral generations, using the Pedig software (Boichard, 2002). The same software was used
to estimate the generation interval and to provide information for estimation of pedigree
completeness according to MacCluer et al. (1983). The effect of inbreeding on performance
traits and start-status was estimated using linear mixed single-trait animal models including the
interaction of birth year, country and sex as a fixed effect, and inbreeding coefficient as a linear
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covariable in the AIREMLF90 software (Misztal ef al., 2014). The inbreeding coefficient was
also added as a quadratic covariable in preliminary analysis but was found to be nonsignificant.

Results

The mean pedigree completeness based on 7 ancestral generations varied from 85% for animals
born in 1978 to above 99% for animals born after 2010. The generation interval based on foals
born 1999-2018 was on average 11.4 years. The mean inbreeding coefficient for animals born
in 2023 was 8.5% when calculated using the full pedigree data and 5.9% based on 7
generations. The corresponding mean inbreeding coefficients for animals born in 2000,
approximately two generation intervals earlier, were 5.9% and 4.8%, respectively.
Significantly unfavourable effects of higher inbreeding coefficients were estimated for all
studied traits, in general corresponding to absolute values of 1.6%—2.9% of the trait standard
deviation per percentage unit increase in inbreeding (Table 1, Fig. 1). It should be noted that
even the positive regression coefficient estimated for record time per kilometre is unfavourable,
as that corresponds to a slower racing speed, which is undesired.

Table 1. Performance traits and regression coefficients (), with standard errors (SE), from
regressions of each trait on the inbreeding coefficient (F, in %) based on full and 7 generation
pedigrees.

Trait N Mean Std B Ffull SE@ rrun B F7gen  SE(B Frgen)
Start status (0/1) 63,781 0.46 0.50 -0.008 0.001 -0.008 0.001
Earnings! 29,560 0.00 1.00 -0.029 0.003 -0.028 0.003
Record time? 29,560  18.30 1.44 0.036 0.004 0.035 0.004
Placings® 29,560 3.57 2.32 -0.048 0.007 -0.047 0.007

! Standardized (Earnings)®%
2 (Record time per km)®3 with time as tenths of a second above 1 min, note that lower values are desired
3 (No. of 1% and 2" placings x 100 / No. of races)®
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Figure 1. Magnitude of inbreeding depression shown as absolute values of regression
coefficients in percentage of trait standard deviations, from analysis including the full pedigree
and 7 ancestral generations, respectively.

For the untransformed start status trait on the original scale of 0—1 probability of starting in a
race, a regression coefficient of -0.0084 was estimated. This corresponds to an 8.4% lower
probability of starting at least once in a trotting race as a three- to six-year-old at a 10-
percentage-unit higher inbreeding coefficient. Similar or very slightly stronger effects were



seen on the different traits when estimating inbreeding coefficients based on the full pedigree
information compared with 7 ancestral generations.

Estimated heritability for the traits was 0.36 for start status, 0.32 for summarized earnings, 0.42
for record time per kilometre, and 0.38 for placings based on the 7 generations pedigree
(standard errors <0.02 for all traits), and the estimates were very similar when using the full
pedigree.

Discussion

Like in our study, significantly unfavourable effects of inbreeding on trotting performance have
been reported for earnings in Coldblooded trotters by Klemetsdal (1998), and for earnings per
start in Norwegian Standardbred trotters by Samsonstuen et al. (2020). In a review and meta-
analysis of several species, including horses, Leroy (2014) reported an average inbreeding
depression corresponding to a decrease of 0.6% of the standard deviation of a trait per 1% of
inbreeding. This indicates that our estimates (ranging from 1.6% to 2.9% in absolute values)
are relatively high. One contributing factor to that may be the high pedigree completeness and
depth in our data, and the implementation of a pedigree verification already in the 1960s
(Sweden) and 1970s (Norway), using first blood types and later DNA-samples from the
individual, sire and dam. Also, the trotting performance traits are objective measures with
moderate heritability, and both Leroy (2014) and Doekes et al., (2021) found a pattern of
stronger inbreeding depression for traits with less environmental influence and thus higher
heritability. Our estimate that an increase of 10 percentage units in inbreeding coefficient
would give 8% lower probability of starting in a race as three- to six-year-old agrees very well
with the findings for Thoroughbred horses by Hill ef al. (2022). They found that 10% higher
genomic inbreeding coefficient was associated with 7% lower probability of ever starting in a
race.

The start status trait is included in the genetic evaluation to handle pre-selection of horses that
start at all in trotting races as three- to six-year-olds (Arnason, 1999). Our results suggest that
there is a multiplicative unfavourable effect of inbreeding: first on the probability of horses
starting a racing career, and then on the performance of horses that do participate in races. This
indicates a potential underestimation of the effect of inbreeding on racing performance in our
study. Klemetsdal (1998) found that a curvilinear regression showed the best fit in their
analysis of inbreeding depression on transformed accumulated earnings in young Norwegian
Coldblooded trotters. Since then, the populations in Norway and Sweden have merged into one
and selection for performance has continued, increasing both the genetic level and average
inbreeding coefficient in the Coldblooded trotter (Berglund et al., 2024). In our present study
on more recent data, preliminary analysis showed only the linear regression coefficient to be
significant.

The awareness about the importance of reducing the inbreeding rate in the Coldblooded trotter
is high in the breeding organizations and increasing among the breeders. However, there is still
some mistrust of the correctness of older pedigree data, before pedigree verification started.
Therefore, official inbreeding coefficients are currently presented based on 7 ancestral
generations, and this is the reason why we present results based on both 7 generations and the
full pedigree. There is at present no clear recognition among horse owners or trainers of any
current inbreeding-related disadvantages among competing Coldblooded trotters. This may be
due to the limited impact on individual phenotypes, in combination with a steady genetic gain
in performance traits likely contributing to hiding effects of inbreeding depression (Arnason,
2011; Berglund et al., 2024).

In the end, keeping up the breeders’ interest to continue to breed Coldblooded trotters is crucial
for the breeds’ future. The value of young Coldblooded trotters is much dependent on their
expected performance, driving a demand for offspring of the most successful and popular
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stallions. The mare owners choose stallions and suggestions to introduce optimum contribution
selection (Olsen et al., 2013) has not yet been accepted by the breeders. There are current
limitations of maximum number of coverings allowed per stallion each year, and economic
contributions from the trotting associations for breeders to choose matings that would result in
foals with lower inbreeding coefficients (Swedish Trotting Association, 2025). Still, there is a
trade-off between short-term economic goals of breeders and horse owners, and long-term
genetic diversity in the breed. Information about unfavourable impact of higher inbreeding
coefficients on performance may help to create incentives among breeders and horse buyers to
make more sustainable choices.

Conclusions

This study demonstrates inbreeding depression in start status (probability to start in at least one
race) and racing performance (summarized earnings, placings and record time per kilometre)
in three- to six-year-old Swedish and Norwegian Coldblooded trotters, confirming results from
previous studies. The results are important for designing and communicating breeding
measures to decrease the rate of inbreeding in the breed.
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