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Introduction

High levels of fear and anxiety in dogs compromise animal welfare and can also restrict
owners’ everyday lives. In 2009, the Swedish Collie Breed Club initiated contact after
observing that a considerable proportion of Rough Collie dogs displayed high levels of
fearfulness in everyday situations. Since 1997, 25% to 50% of the Rough Collies registered in
the Swedish Kennel Club each year are evaluated in the Dog Mentality Assessment (DMA),
during which 33 behavioral reactions are rated in 10 subtests. The score sheet comprises five-
point scales for each of the 33 items, with every scale point accompanied by a brief description
of typical behaviors. The scales were designed to define each step as objectively as possible
and to order the steps according to increasing intensity of the behavioral response, such that
lower scores indicate lower reaction intensity. The DMA was designed with the main purpose
to help breeders select breeding animals with respect to behavioral traits of importance to
working dogs. At that time, a dog’s DMA result was condensed into 5 underlying traits:
Sociability, Playfulness, Curiosity/Fearlessness, Chase-proneness, and Aggressiveness
(Svartberg and Forkman, 2002). After initial statistical analyses, estimated breeding values
(EBVs) were first published in 2012, as described in Arvelius et al (2014). The breed club’s
focus in discussions with breeders was to achieve EBVs for Curiosity/Fearlessness above the
average, but EBVs were also published for the other traits, except Aggressiveness. Also, an
EBYV for Gunshot avoidance was published. Gunshot avoidance describes a dog’s reaction
when a starting gun is fired at a 20 m distance from the dog, during both activity (playing tug-
of-war with the owner) and passivity. The intention is to measure fear-related behaviors. These
EBVs were updated roughly twice yearly from then on.

Because these EBVs now have been available for over 10 years, it is of interest to evaluate if
selection has resulted in a desired genetic change in fearfulness in the Swedish Rough Collie.

Materials & Methods

In connection with the development of routine genetic evaluation for personality traits for other
working dog breeds, DMA-data on Collies (Rough n=5223, Smooth n=1048) were collected
in September 2025. The two varieties, Rough and Smooth Collies, are considered the same
breed, have a common pedigree, and the current genetic evaluation include both varieties.
Genetic parameters and EBVs were estimated for 7 traits, with Distance Play (in which the
dog’s reaction to a play-inviting and oddly behaving unfamiliar person at a distance away from
handler is tested and described) in addition to the previously mentioned 6 traits. The mixed
linear animal model contained fixed effects of sex, age at test in months (12-14, 15-17, 18-20,
21-23, 24-35, 36-46, 47-), and test year, and random effects of evaluator and additive genetic
effect. This model was developed and tested for the routine genetic evaluation of the other
working dog breeds and differed somewhat from the originally used model for the Collie.
Genetic parameters and EBV's were estimated for the 7 traits applying an AI-REML approach
in the DMU software (Madsen and Jensen, 2013). Heritability was defined as additive variance
divided by the sum of additive and residual variances and evaluator variance ratio as the


https://doi.org/10.31274/wcgalp.24301
https://creativecommons.org/licenses/by/4.0/
mailto:Erling.Strandberg@slu.se

evaluator variance divided by the sum of all variance components. The genetic correlation
between traits was estimated using a bivariate version of the model above.

EBVs were standardized (mean 100, genetic SD 15). Mean EBVs for each variety were plotted
against birth year to display the genetic trend. Because, for several traits, there was a visible
change in the trend for the Rough Collie from 2016 and onwards, a linear regression of EBV
on birth year was estimated for two periods, 2000-2015 and 2016-2025, within variety. An
expected selection annual response in genetic SD was calculated as Ryr = (i 711)/L, where i is
the selection intensity, r11 the average accuracy, and L the generation interval. Intensity was
calculated from the proportion of dogs born during 10 years (2009-2018) that were later used
in breeding and the generation interval was calculated from the pedigree information. The
potential correlated response to selection on Curiosity/Fearlessness on other traits was
calculated as CRyr = (¢ i r11)/L, where rg is the genetic correlation between the traits.

Results & Discussion

The evaluator variance ratio ranged from 0.02 for Playfulness to 0.07 for Aggressiveness (not
shown). Heritability estimates for Sociability, Playfulness, and Curiosity/Fearlessness ranged
from 0.26 to 0.32; for Distance Play, Chase-proneness, and Aggressiveness heritability was
around 0.2, and for Gunshot avoidance 0.13 (Table 1). The heritability for Curiosity/
Fearlessness would give an accuracy of about 0.52 (\Vh?), however, the actual accuracy for
dogs with at least information on their own phenotype was 0.64, owing to the additional
information from relatives. Curiosity/Fearlessness was strongly correlated with Playfulness
(0.48), Distance Play (0.44), Chase-proneness (0.50), and Gunshot Avoidance (0.79). Genetic
correlations were also strong among Sociability, Playfulness, and Distance Play (0.52-0.70).

Table 1. Estimates of heritability (h?) of and genetic correlation among 7 DMA behavioral
traits in the Swedish Collie dogs.

Trait
Trait h? Soc Play Dist Chase Aggr Shot
Curiosity/Fearlessness 0.27 027 048 044 0.50 0.37 -0.79
Sociability (Soc) 0.26 052 056 0.32 -0.07 -0.16
Playfulness (Play) 0.32 0.70  0.61 0.33 -0.25
Distance Play (Dist) 0.22 0.69 0.07 -0.23
Chase-proneness (Chase) 0.18 0.23 -0.37
Aggressiveness (Aggr) 0.20 -0.26

Gunshot avoidance (Shot) 0.13

The genetic trends for both varieties are shown graphically in Figure 1 for some of the traits
and the regression coefficients of estimated breeding values on birth year for the two birth
year groups in Rough Collie are shown in Table 2. The increase in EBVs for the Rough Collie
for Curiosity/Fearlessness went from 0.31 index units per year in the early period to 0.81 in
the later period. For Sociability, Playfulness, Distance Play, and Chase-proneness the early
trends were low or slightly negative (-0.1 to 0.06) but increased to 0.37, 0.51, 0.88, and 0.56,
respectively, in the later period. For Gunshot Avoidance the slope changed from -0.37 to -0.45.
Even though the change in genetic trend for Curiosity/Fearlessness was large (0.50), the
largest difference in trend was found for Distance Play (0.98). One reason could be that the
trend before 2016 was negative, and the selection on Curiosity/Fearlessness created a
correlated increase also in Distance Play. Because there was no EBV available for Distance
Play until 2025, no direct selection on that EBV had taken place. Of course, the phenotypic
values for the behavioral scores related to Distance Play have been available.
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Figure 1. Rolling 3-year average of estimated breeding values for Rough (blue) and Smooth
(red) Collies for Curiosity/Fearlessness, Playfulness, Distance Play, and Gunshot avoidance.

The annual genetic change in Curiosity/Fearlessness during 2016-2025 corresponds to 0.054
genetic SD. The average proportion of males and females born 2009-2018 that were used in
breeding was 0.12 and 0.19, respectively (average 0.16). However, only about 40% of all
Rough Collie dogs have been evaluated in the DMA, and only those are allowed to be used in
breeding (except for imports). Therefore, the selected proportion is about 0.39 instead, leading
to a selection intensity of 0.98. Given a generation interval of 4 years (average of males and
females), the expected selection response if all selection were on Curiosity/Fearlessness would
be 0.16 genetic SD. The actual selection response was 35% of that maximum. This indicates
that quite much of the selection carried out has been focused on Curiosity/Fearlessness during
the last decade.

If truncation selection on Curiosity/Fearlessness gave rise to the observed response of 0.054
(or 0.81 in index units), that would correspond to a selection intensity of 0.34. Given the
genetic correlations, this selection intensity would be expected to result in the correlated
responses seen in Table 2. These are smaller than those observed, except for Gunshot
avoidance. Also, there was no observed genetic change in Aggressiveness. This trait was not
considered to be of interest for the breeders and thus there were no EBVs published for this
trait. Despite the positive estimated genetic correlation between Curiosity/Fearlessness and
Aggressiveness, the selection did not result in a correlated increase. However, the regression
of EBV for Aggressiveness on EBV of Curiosity/Fearlessness was non-linear, with an almost
flat curve for EBVs of Curiosity/Fearlessness above 100, thus contradicting the overall



positive genetic correlation. All this taken together might indicate that there has also been
selection for, e.g., Sociability, Playfulness, Distance Play, or Chase-proneness, in addition to
Curiosity/Fearlessness.

Table 2. Regression coefficients' of estimated breeding values for various traits for Rough
Collie on birth year, for two birth year groups, 2000-2015 and 2016-2025, and the difference
between the two periods. Also, the expected correlated selection response in other traits if
selection was on Curiosity/Fearlessness.

Expected

Birth year group correlated
Trait 2000-2015 2016-2025 Difference response
Curiosity/Fearlessness ~ 0.31"" 0.81"" 0.50 -
Sociability -0.06" 0.37"" 0.43 0.22
Playfulness -0.05 0.51"" 0.56 0.29
Distance Play -0.10"* 0.88™" 0.98 0.36
Chase-proneness 0.06™ 0.56™" 0.50 0.41
Aggressiveness 0.00 -0.04 -0.04 0.30
Gunshot avoidance -0.37"" -0.45™" -0.08 -0.64

! Statistical significance *** p < 0.001, ** p < 0.01, * p < 0.05, if no indicator, p > 0.05

An increase in Curiosity/Fearlessness as measured at DMA is also expected to decrease
fearfulness in everyday life. Arvelius ef al. (2014) estimated strong genetic correlations (-0.70)
between Curiosity/Fearlessness and Non-social fear, the latter trait based on an owner
questionnaire. They also found negative genetic correlations with dog-directed aggression or
fear and stranger-directed fear (-0.44 to -0.33). A similar analysis was not possible now owing
to a shortage of questionnaire data.

Conclusions
Our conclusion is that the EBVs for Curiosity/Fearlessness have been used for selection, and
that this has decreased the fearfulness in Swedish Rough Collie dogs.
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