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Abstract: The aim of this study was to analyse the conformation traits and body dimensions of Haflinger mares
registered in the Czech Republic studbook. The study focused on the effects of age at studbook entry, year of birth,
proportion of Arabian genes, and country of origin on various parameters. Data were collected from 825 mares,
including scores obtained during the studbook entry evaluation and body measurements such as withers height
measured with a stick (WHS), withers height measured with a tape (WHT), chest girth (CG), and cannon bone
circumference (CBC). Based on these data, the bone index (BI) and body massiveness index (MI) were calculated.
Statistical analysis was performed using multifactor analysis of variance (ANOVA) and Scheffe’s post-hoc test-
ing method. The results showed that the age at studbook entry significantly affected conformation scores, chest
girth, cannon bone circumference, and both indices (MI, BI). Mares aged 3—4 years had significantly higher con-
formation scores compared to mares aged 5-6 years (P = 0.001) and mares aged 7 years and older (P = 0.000).
Mares aged 5-6 years and those aged 7 years and older showed higher CG values (P = 0.002, P = 0.000) and
CBC values (P = 0.010, P = 0.001). Furthermore, the year of birth had a highly significant impact on all variables
studied. The withers height of mares born between 2011 and 2020 was, on average, 3.49 cm higher (144.84 cm)
than that of mares born between 1987 and 2000 (141.35 cm) (P < 0.000). Regarding CG, a statistically significant
increase was observed in mares born in 1987-2000 and 2001-2010, with chest girth increasing from 180.45 cm
to 183.76 cm (P = 0.016). However, a subsequent decrease to 179.91 cm was noted in mares born between 2011
and 2020 (P = 0.002). The influence of the proportion of Arabian genes was significant for WHS, where mares
with a higher proportion of Arabian genes (>1.56%) showed lower WHS (141.74 cm) compared to mares with
a lower proportion (143.86 cm) or no Arabian genes (143.01 cm). While ANOVA demonstrated a significant effect
of Arabian genes on CBC, Scheffe’s post-hoc test did not confirm this finding. No statistically significant differences
were observed in other body dimensions based on the proportion of Arabian genes. The influence of the country
of origin was statistically significant for all variables except WHS and WHT. Regarding the conformation scores,
mares from the Czech Republic scored lower (6.98) than Austrian mares (7.22, P = 0.000). Additionally, CG was
significantly lower in Austrian mares (178.58 cm) compared to Czech mares (182.54 cm, P = 0.000). Austrian mares
also had significantly lower MI (P = 0.000) and BI (P = 0.040), with Austrian indices at 124.71/13.31 and Czech
indices at 127.77/13.41. Based on this empirical evaluation of the current and original population of Haflingers
in the Czech Republic, the connections and influence of individual factors during breeding are revealed. The results
of our analysis have built an objective scientific basis and they allow the breeding organisation to determine
the further breeding process.
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The Haflinger breed originates from South Tyrol,
and its ancestry is closely linked to Arabian horses.
The founder of the Haflinger breed was a stallion
of Arabian origin named “Folie 249", born in 1874
in the Val Venosta valley in Italy. Folie 249 was the
offspring of a local mare of Galician origin and
an Oriental stallion, “El Bedavi XXII” Folie 249 left
behind seven sons who laid the foundation for to-
day’s bloodlines of the breed (Gandini et al. 1997;
ANACRHATI 2021).

Tocci et al. (2017) and Messner (2017) agree
that the first studbook was established in Moélten,
Italy. However, the Austrian Haflinger Breeding
Association also played a significant role in the
worldwide expansion of the breed, mainly
through the breeding association in Zams, Austria
(Gruber 2020).

Today, the Haflinger is renowned for its compact
body structure and adaptability to high-altitude en-
vironments. Bred initially as a draught and pack
animal within the Austro-Hungarian Empire, us-
ing South Tyrolean mares crossed with Norikers,
Shagya Arabians, and Arabians, the breed gradually
evolved into a riding horse, mainly due to shifts
in breeding objectives (Gandini et al. 1997; Druml
etal. 2016). Currently, the Haflinger is bred as a ver-
satile horse suitable for all equestrian disciplines
as well as for driving. Due to their versatility and
friendly disposition, Haflingers are bred worldwide
and are utilised in various areas of equestrian sport.
In recent years, there has also been an increase
in demand for horses ideal for recreational riding
(Gille and Spiller 2010; Haflinger World 2021).

The history of Haflinger breeding in the Czech
Republic dates back to the 19" century when
horses were primarily imported from Austria
and Germany. These horses often had subopti-
mal conformation, poor movement, and a high
proportion of Arabian genes. Breeding was inter-
rupted after World War II and resumed after 1989.
Significant improvements in breeding quality oc-
curred in the 21* century when the Czech Republic
joined the European and World Haflinger Breeders’
Associations, leading to standardisation of breed-
ing criteria (CSCHH 2017).

Bihuncova et al. (2015) reported that by 2013,
Haflingers in the Czech Republic were frequently
used in the breeding of horses of unknown pedi-
gree, both sires and dams. Over the past 15 years,
substantial improvements in breeding quality have
been achieved through revised breeding documen-
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tation, organisational restructuring, and especially
the importation of high-quality horses from coun-
tries of their origin.

Many authors studied the genetic diversity of the
Haflinger breed, including Gandini et al. (1997),
Vostry et al. (2019), Druml et al. (2016), Grilz-Seger
et al. (2019) and Kulistakova et al. (2024). Some
studies were also focused on the heritability of tem-
perament, such as Gandini et al. (1997) and Zanon
etal. (2023). However, studies specifically address-
ing the body dimensions of the breed are less com-
mon. An exception is the work by Falaschini et al.
(2003), which analyses basic Haflinger measure-
ments, such as withers height and chest girth, in se-
lected groups of horses from Italy. For other breeds,
conformation analyses were conducted by e.g.
Matousova-Malbohanova et al. (2004), Sobotkova
et al. (2006), Kralova et al. (2012), Sabbioni et al.
(2005) and Popova (2020).

The objective of this study is to analyse the body
proportions and breeding direction of Haflingers
in the Czech Republic and compare their differ-
ences based on the country of origin and devel-
opment over individual years. The study results
should contribute to monitoring and improving
breeding quality and optimising selection criteria
for including individuals in breeding programs.

MATERIAL AND METHODS

The analysis of Haflinger mares was based
on a database provided by the Central Horse
Register in Slatinany. The dataset included
825 mares registered in the Czech studbook, for
which all necessary data were available. The mares
originated from the Czech Republic, Austria, and
Germany. Despite the small number of mares
from Germany (n = 40), they were included in the
analysis due to their influence on the early develop-
ment of the population. Mares from Italy, France,
and Slovakia (a total of 19 mares) were excluded
from the evaluation due to minimal numbers.

Analysed factors and grouping

Country of origin:

— Czech Republic (n = 562);
— Austria (n = 223);

— Germany (n = 40).
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Age at studbook entry: 1 — overall mean;
— 3—4 years (n = 614); s; — fixed effect of age at studbook entry (i = 1, 2, 3);
— 5-6 years (n = 109); l; — fixed effect of the year of birth (j = 1, 2, 3);
— 7 years and older (n = 102). a, - fixed effect of the country of origin (k = 1, 2, 3);
Year of birth: ¢ — fixed effect of the proportion of Arabian genes
—1987-2000 (n = 234); (I=1,2,3);

~2001-2010 (1 = 356);

~2011-2020 (1 = 235).

Proportion of Arabian genes (AG):

- 0% AG (n = 541);

— Proportion not exceeding 1.56% AG (1 = 144);
— Proportion exceeding 1.56% AG (n = 140).

The evaluated parameters included scores award-
ed during studbook entry, withers height measured
with a stick (WHS), withers height measured with
a tape (WHT), chest girth (CG), cannon bone cir-
cumference (CBC), and body indices: massiveness
index (MI) and bone index (BI).

Calculation of body indices

The body indices were calculated using the meth-
odology described by Bilek et al. (1955):

MI = (chest girth/WHS) x 100 )
BI = (cannon bone circumference/WHS) x 100  (2)

where:
BI - index of bone development;
MI - massiveness index;

WHS — withers height measured with a stick.

Statistical analysis

The data were statistically analysed using the
STATISTICA v14 software (TIBCO Software Inc.,
USA). The statistical model was based on a mul-
tifactor analysis of variance (ANOVA) to assess
the effects of age at studbook entry, year of birth,
country of origin, and the proportion of Arabian
genes on conformation scores, individual body di-
mensions, and body indices.

The ANOVA equation was as follows:

Viikim = L+ 8; + l/ T A+ ¢t Ciikm (3)

where:
Vijkim — observed body dimension or index;

€jum — random residual error.

Statistically significant results were further veri-
fied using Scheffe’s post-hoc test, which allowed for
detailed comparisons between groups and identi-
fied differences caused by individual factors.

RESULTS AND DISCUSSION

The statistical analysis results demonstrate the
influence of various factors on conformation scores,
body dimensions, and indices of Haflinger mares.
The year of birth had a highly significant effect on all
body dimensions and indices. Age at studbook entry
and country of origin statistically significantly in-
fluenced most variables, except for WHS and WHT.
Conversely, the slightest effect was observed for
the proportion of Arabian genes. Table 1 provides
an overview of the F-values for individual factors.

When evaluating the individual body measure-
ments of Haflingers, it was shown that height
at withers was most influenced by the year of birth
(F =47.30). Similarly, the year of birth was a key fac-
tor for the bone index, reaching an F-value of 65.70.
Conformation scores were most affected by the age
at studbook entry (F = 22.50), while the body mass
index was predominantly influenced by the year
of birth (F = 25.65). Chest girth was most affected
by the age at studbook entry (F = 19.20).

Effect of age on stud book entry

The most significant proportion of horses
in our database consists of mares aged 3—4 years
(75%), followed by mares registered at the age
of 5-6 years (13%) and mares registered after
the age of 7 years (12%). According to research
by Popova (2020), the average age of the first
breeding of Haflinger mares in Bulgaria was
3.98 + 0.78 years, the average age at first fertilisa-
tion was 4.02 + 0.80 years, and the average age
at the birth of the first foal was 5.79 + 1.43 years.
Therefore, planned breeding could be one of the
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Table 1. Effects of age at studbook entry, year of birth, country of origin, and share of Arabian genes on different

parameters in Haflinger horses
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Body score 22.50 0.00 4.96 0.01 8.23 0.00 1.49 0.23
WHS 0.10 0.93 47.30 0.00 2.00 0.14 3.60 0.03
WHT 0.60 0.54 37.10 0.00 0.20 0.80 2.40 0.10
CG 19.20 0.00 6.43 0.00 13.63 0.00 1.24 0.29
CBC 8.40 0.00 12.40 0.00 3.60 0.03 5.00 0.01
BI 10.10 0.00 65.70 0.00 8.50 0.00 2.90 0.053
MI 20.18 0.00 25.65 0.00 19.59 0.00 0.91 0.40

Statistically highly significant effect P < 0.01; statistically significant effect P < 0.05
BI = bone index; CBC = cannon bone circumference; CG = chest girth; MI = body massiveness index; WHS = withers

height measured with stick; WHT = withers height measured with tape

reasons for the early registration of mares in the
studbook.

The suitability of evaluating horses at the
age of 3 years was also confirmed by the study
of Coudkova et al. (2022), who demonstrated
in warmblood stallions that horses at 36 months
of age reach 97% of the development of their body
dimensions. Among these, the most advanced
growth, reaching 99% of the full potential, occurs
at 36 months, particularly in CBC. WHT and CG
reach 98% of their final values during this period.

Scheffe’s test confirmed statistically highly signif-
icant differences in conformation scores between
mares aged 3—4 years and older mares (5-6 years,
P =0.010; 7 years and older, P = 0.000), with young-
er mares achieving higher scores. Specific values
are presented in Table 2.

In addition to age, external factors such as the
environment, the way of horse presentation, and
the subjectivity of the evaluator may also influ-
ence the final assessment of the horse, as shown
in a study by Kralova et al. (2012). However, further

research would be necessary to demonstrate this
effect in Haflingers.

Statistical analysis did not reveal any effect of the
age at studbook entry on WHS and WHT, which
aligns with the findings of Matfei et al. (2008), who
documented that growth intensity was greatest
up to 1.5 years of age, followed by a deceleration
in growth until the age of 3.5 years when only mini-
mal increases in withers height were observed — the
growth of withers height in Hucul horses.

Additionally, statistically significant differences
were observed in CG and CBC between the dif-
ferent age groups of mares. For CG, highly signifi-
cant differences were noted between mares aged
3—4 years and older mares (5-6 years, P = 0.002;
7 years and older, P = 0.000), with older mares con-
sistently exhibiting higher CG measurements than
younger mares. Similarly, Scheffe’s test showed sta-
tistically significant differences in CBC, although
the specific differences were minimal. Highly sig-
nificant differences were found between mares aged
3—4 years and older mares (5-6 years, P = 0.010;

Table 2. The average body score and measurements are based on the effect of the age at studbook entry

Age Body score WHS WHT CG CBC MI BI

3—4 years old 7.11 142.98 153.59 180.25 19.06 126.11 13.34
5-6 years old 6.93 142.90 153.77 183.80 19.22 128.70 13.45
7 years old and older 6.80 142.74 153.69 184.87 19.38 129.55 13.58

BI = bone index; CBC = cannon bone circumference; CG = chest girth; MI = body massiveness index; WHS = withers

height measured with stick; WHT = withers height measured with tape
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7 years and older, P = 0.001), with older mares hav-
ing larger CBC.

Statistically highly significant differences in the
BI were observed not only between mares aged
3—4 years and mares older than 7 years (P = 0.000)
but also between mares aged 3-4 years and
5-6 years (P = 0.016), with older mares exhibit-
ing higher BI values. Similar differences were ob-
served in MI, where mares aged 3—4 years showed
lower values than older mares (5—6 years, P = 0.007;
7 years and older, P = 0.000) (Figure 1).

The study of Matousova-Malbohanova et al. (2004)
on Hucul horses confirmed that both MI and BI
increase with age. In that study, many examined
factors, including MI, increased with age, reach-
ing their highest values in the 7-9-year age group,
after which these values slightly decreased with age
(above 10 years). In contrast, the Bl showed a growth
trend that continued throughout the observation
period, indicating different developmental dynamics
of these indices during the ageing process of horses.

19.7

19.6
195
19.4

2

2 19.3
19.2
19.1

19.0

18.9

3.4 56 7
Age at studbook entry

Figure 1. The effect of the age at studbook entry
on cannon bone circumference (CBC)
The horizontal line denotes the mean value of the moni-
tored population; The vertical bars represent the standard
errors of the differences
3_4 = mares 3—4 years old; 5_6 = mares 5-6 years old; 7_ =
mares 7+ years old

Effect of the year of birth

The year of birth may reflect trends in breeding
and the development of body parameters, particu-
larly in response to evolving breeding goals and
advancements in the refinement of the breed. This
study divided mares into three groups based on their
year of birth: 1987-2000, 2001-2010, and 2011-
2020. The results showed that the year of birth had
a statistically significant effect on all selected vari-
ables, as confirmed by subsequent Scheffe’s post-
hoc tests. Conformation scores for mares in the
respective groups are presented in Table 3. Scheffe’s
test revealed statistically highly significant differ-
ences between mares born in 1987-2000 and those
born in 2001-2010 (P = 0.001).

Statistically significant differences were found
between all three groups of mares for both WHS
and WHT (P = 0.000). As shown in Figure 2, the
average withers height of mares increased progres-
sively across decades, suggesting long-term trends
in breeding and selection for taller withers height.
Falaschini et al. (2003) reported a significant in-
crease in withers height in Haflingers between 1984
and 1999, with a rise of +6.06 cm (P = 0.001). This
development reflects a shift in breeding objectives
toward a lighter, riding-oriented type of horse.

A similar trend was observed in draught horse
breeds, where the average withers height of stal-
lions gradually increased until the 1970s and 1990s,
reaching an average of 160.83 cm. However, after
2000, a decline to 159.26 cm was recorded (Navratil
et al. 2016). Sobotkova et al. (2006) also observed
an increase in WHS among Old Kladruber horses,
from the oldest to the youngest individuals.

For the CG variable, Scheffe’s test revealed sta-
tistically significant differences between mares
born in 1987-2000 and those born in 2001-2010
(P =0.016) as well as between mares born in 2001—
2010 and those born in 2011-2020 (P = 0.002).
The trend in mares’ CG initially shows a slight in-
crease, followed by a decrease. A similar pattern

Table 3. The average body score and basic body measurements are based on the effect of the year of birth

Year of birth Body score WHS WHT CG CBC MI BI

1987-2000 7.16 141.35 152.06 180.45 19.19 127.67 13.58
2001-2010 6.98 142.73 153.45 183.76 19.20 128.08 13.46
2011-2020 7.06 144.84 155.47 179.91 18.93 124.27 13.08

BI = bone index; CBC = cannon bone circumference; CG = chest girth; MI = body massiveness index; WHS = withers

height measured with stick; WHT = withers height measured with tape
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Figure 2. The effect of the year of the birth group on with-
ers height (WHS) measured with a stick

The horizontal line denotes the mean value of the moni-
tored population; The vertical bars represent the standard
errors of the differences

was observed in CG of stallions from draught horse
breeds, where the average CG reached its highest
level of 207.81 cm between 1970 and 1980, fol-
lowed by a decline to 198.20 cm after 2000 (Navratil
et al. 2016).

Falaschini et al. (2003) documented a 12.57 cm
reduction in the CG of Italian Haflingers between
1984 and 1999, indicating a shift towards a less ro-
bust horse type better suited for riding purposes.
The differences in CG are illustrated in Figure 3.

In contrast, Sobotkova et al. (2006) reported
that in Old Kladruber horses, the gradual increase
in WHS was accompanied by a corresponding de-
crease in CG, which contradicts our findings.

Statistically highly significant differences were
also found for CBC between mares born in 2011—
2020 and those born in 2001-2010 (P = 0.000) and
1987-2000 (P = 0.002). The trend in CBC follows
a similar pattern to that observed for CG. While
there were no significant changes in CBC between
mares born in 1987-2000 and 2001-2010, its val-
ues decreased in mares born after 2011, suggesting
an overall reduction in the limb skeletal robust-
ness. The decline in CBC observed in the study
by Falaschini et al. (2003) corresponds with our
findings, which also indicate a trend towards lighter
limb skeletons in Haflingers.

A similar trend was noted in stallions of draught
horse breeds, with average CBC values ranging
from 24.11 cm to 24.87 cm across different decades.
Stallions born between 1970 and 1980 had an aver-
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age CBC 0f 24.71 cm, whereas a decline to 24.18 cm
was recorded after 2000 (Navratil et al. 2016).

For the BI, statistically significant differences
were found between all three groups of mares:
1987-2000 vs 2001-2010 (P = 0.016), 1987-2000
vs 2011-2020 (P = 0.000), and 2001-2010 vs 2011 -
2020 (P = 0.000). The development of the BI shows
a consistent decline, which is the opposite trend
compared to WHS, which increased across genera-
tions. BI of 12.1 is typical for riding horses, while
for working horses, it can reach 16.2 (Bilek et al.
1955). The mares in our population, with average
BI of 13.08 in the last decade, are closer to the rid-
ing horse type.

The MI decreased in mares born later. Scheffe’s
test revealed statistically highly significant differ-
ences between mares born in 1987-2000 vs 2011—
2020 and 2001-2010 vs 2011-2020 (P = 0.000).
The MI follows a similar trend to CG, showing
an initial slight increase followed by a significant
decline, as shown in Table 3. Bilek et al. (1955)
reported MI of 113.5 for respiratory (riding) horse
types and 129.5 for lymphatic (working) types. The
study by Falaschini et al. (2003) documented the
gradual development of Haflingers towards a meso-
dolichomorphic type, consistent with their shift
in the breeding focus from draught work to riding.

Breeding modifications in Haflingers have
evolved in response to historical events and eco-
nomic conditions. According to CSCHH (2017),
some of the earliest recorded measurements for
Haflingers are found in Dr. Leo Pretz’s book from

184.5
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182.0

(01815

“181.0
180.5
180.0
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Group year of birth
Figure 3. The effect of the year of birth group on chest
girth (CG)
The horizontal line denotes the mean value of the moni-
tored population; The vertical bars represent the standard

errors of the differences
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1925: WHS — approximately 140 cm, CG - 175 cm,
CBC - 18.6 cm for mares and 19.8 cm for stallions.
Haflingers were described as elegant horses with
slightly disharmonious trunks and often down-
hill conformation, where the withers were not the
highest point. Neumayr (2015) noted significant
changes in Haflinger breeding goals in Austria over
the years. Since the 1960s, breeding has focused
on producing versatile horses with good tempera-
ment, quality of movement, and harmonious pro-
portions. The transition from robust mountain
draught horses led to the modern refined type
with a lighter frame, aligning with recreational and
hobby riding demands.

Breeding criteria have prioritised height, move-
ment quality, and uniform coat colour, contributing
to the breed’s increased attractiveness for contem-
porary sport and family use.

Withers height and body dimensions are partially
influenced by heritability. The findings of Molina
et al. (1999) indicate moderate to high heritability
for body dimensions in Andalusian horses, par-
ticularly for the skeletal system and limb devel-
opment, with heritability estimates ranging from
0.35 to 0.95. Miserani et al. (2002) obtained even
higher values, with 0.61 for WHS and 0.51 for CG
in Pantaneiro horses. These high heritability coef-
ficients suggest a significant potential for genetic
improvement of these physical traits through se-
lective breeding.

Other findings were reported in additional stud-
ies. For example, in Polish Konik horses, heritabil-
ity was estimated at 0.65 (+0.13) for WHS, 0.22
(£0.14) for CG, and 0.65 (+0.13) for CBC (Wolc
and Balinska 2010).

Effect of the proportion of arabian genes
In this study, mares were divided into three

groups based on the proportion of Arabian genes,
following the rules of the Czech Haflinger studbook

and the global breeding objectives. The maximum
permissible proportion of Arabian genes is set
at 1.56% (ASCHK CZ 2019; Haflinger World 2021).
These rules are based on international breeding
guidelines, where the proportion of Arabian genes
is considered an important indicator of breed pu-
rity (Table 4).

In the Czech breeding program, mares with
an Arabian gene proportion exceeding 1.56% can
remain registered in the studbook under previous
regulations. However, after the end of the transi-
tional period (December 31, 2018), their offspring
are no longer eligible for studbook registration
(ASCHK CZ 2019). Gandini (1997) noted that the
proportion of Arabian genes in Italian Haflingers
was higher during the early breeding stages but
it stabilised over time. This genetic contribution
was transmitted through several Arabian ancestors,
some of whom significantly impacted subsequent
generations.

The Czech Haflinger Association (CSCHH 2017)
reported that while Austria preferred purebred
Haflingers with no Arabian genes, Germany
bred Haflingers with more than 30% of Arabian genes
for sporting purposes. Among 26 mares of German
origin in our database, the proportion of Arabian
genes ranged from 2.34% to 23.63%. This suggests
that Arabian genes may have been introduced into
Czech breeding programs more by importing horses
from Germany. Further extensive research would
be necessary to confirm this hypothesis.

Subsequent testing revealed statistically signifi-
cant differences only in WHS. The difference be-
tween mares with no Arabian genes and those with
a higher proportion of Arabian genes was statisti-
cally significant (0 AG vs AG <1.56%, P = 0.001;
0 AG vs AG >1.56%, P = 0.042). Similarly, statisti-
cally significant differences were observed between
mares with varying proportions of Arabian genes
(AG £1.56% vs AG >1.56%, P = 0.000).

No comparable studies on the effects of the
proportion of Arabian genes in Haflingers were

Table 4. The average body score and basic body measurements are based on the effect of Arabian genes

Arabian genes Body score WHS WHT CG CBC MI BI

No AG 7.11 143.01 153.64 180.98 19.14 126.62 13.39
AG <1.56% 6.92 143.86 154.57 182.87 19.20 127.14 13.35
AG >1.56% 6.98 141.74 152.61 180.87 18.98 127.60 13.39

AG = Arabian genes; BI = bone index; CBC = cannon bone circumference; CG = chest girth; MI = body massiveness

index; WHS = withers height measured with stick; WHT = withers height measured with tape
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Table 5. The average body score and basic body measurements are based on the country of origin

Country Body score WHS WHT CG CBC MI BI

CZE 6.98 142.91 153.73 182.54 19.16 127.77 13.41
AUT 7.22 143.27 153.56 178.58 19.05 124.71 13.31
DEU 7.16 141.50 152.62 178.85 18.98 126.40 13.41

AUT = Austria; BI = bone index; CBC = cannon bone circumference; CG = chest girth; CZE = Czech Republic; DEU = Ger-
many; MI = body massiveness index; WHS = withers height measured with stick; WHT = withers height measured with tape

found, highlighting the need for further evalua-
tions of the influence of crossbreeding with other
breeds to compare results.

Effect of the country of origin

The analysis of Haflinger mares’ body dimen-
sions included an examination of the effect of the
country of origin, considering three countries:
the Czech Republic (CZE), Austria (AUT), and
Germany (DEU). It is important to note that the
number of mares from Germany is relatively low
compared to those from the Czech Republic and
Austria. This small sample size may affect the ac-
curacy of the results and potentially skew some
conclusions (Table 5).

Except for one mare, the mares of German origin
were born before 2010. These mares have not been
imported into the Czech breeding program for over
adecade and primarily influenced Haflinger breed-
ing in the Czech Republic during its early stages.

Subsequent testing revealed statistically signifi-
cant differences only between Czech and Austrian
mares. Czech mares were characterised by greater
massiveness, reflected in more considerable CG
(P = 0.000), MI (P = 0.000), and BI (P = 0.040).
On the other hand, Austrian mares exhibited bet-
ter conformation scores (P = 0.000).

The breeding objective in the Czech Republic
includes the following requirements for mares’
body dimensions: WHS between 138 and 150 cm
and minimum CBC of 17.5 cm (ASCHK CZ 2019).
These requirements closely align with the original
Italian breeding program, which also specifies mini-
mum CG of 155 cm, minimum WHS of 137 ¢cm, and
CBC between 17 and 21 cm (ANACRHAI 2021).

The breeding objectives of most Haflinger-
breeding countries have undergone significant
changes in recent decades, aiming at unification
on an international level. The original Austrian
model remains the foundation of all breeding pro-
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grams. However, Austria, Italy, and Germany have
committed to adhering to unified standards out-
lined in the Basic Principles of Haflinger Breeding
(Haflinger World 2021). These guidelines estab-
lish standard measurements such as WHS of 147—
150 cm (up to a maximum of 155 c¢cm) and CBC
of 18—19 cm, ensuring the typical body conforma-
tion of Haflingers (Haflinger World 2021).

Matousova-Malbohanova et al. (2004) also found
differences between Hucul horses bred in the Czech
Republic and Poland. They recorded variations
in withers height, with Czech horses taller than their
Polish counterparts (140.84 cm vs 137.99 cm). This
suggests that breeding practices may vary globally,
even within a single breed. Kulistakova et al. (2024)
analysed the genetic diversity of Haflingers in the
Czech Republic using microsatellite markers. They
concluded that horses born in the Czech Republic
and Austria exhibit high genetic similarity and low
genetic differentiation (Fs¢ = 0.012). This indicates
the significant gene flow between these popula-
tions, primarily due to the importation of breeding
stock from Austria to the Czech Republic.

CONCLUSION

The analysis of Haflinger mares provided valu-
able insights into the development of conforma-
tion traits of this breed in the Czech Republic. This
study confirmed the influence of most examined
factors on fundamental body parameters and con-
formation scores. The year of birth significantly
affected all studied variables, with a clear trend
of increasing withers height and simultaneously
decreasing Bl throughout breeding. CBC and body
mass index increased between 1987-2001 and
2001-2010 but they subsequently declined, which
may indicate changes in Haflinger breeding prac-
tices in the Czech Republic over the years.

The age at studbook entry was a statistically sig-
nificant factor for several traits. Younger mares
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achieved higher conformation scores, whereas
older mares exhibited greater CG and CBC, likely
reflecting the influence of physical development.
The study also observed variations in withers height
among mares with different proportions of Arabian
genes, though no clear trend was identified. Further
research would be necessary to validate and refine
the understanding of the impact of Arabian genes
on the conformation traits of Haflingers.

The country of origin also emerged as a signifi-
cant factor; Austrian mares received higher con-
formation scores than Czech mares, while Czech
mares exhibited greater CG, MI, and BI. These dif-
ferences may reflect divergent breeding strategies.

This study is the first to compare imported Haflinger
horses with those bred in the Czech Republic. Future
research should evaluate Czech Haflinger breed-
ing in relation to other breeding countries, such
as Austria, Italy, and Germany.

The findings of this study underscore the im-
portance of targeted population management for
Haflinger mares in the Czech Republic. The re-
sults can serve as an important basis for optimising
breeding practices and improving the population
quality based on breeding objectives. Furthermore,
systematic population monitoring and expanding
available databases are essential to ensure con-
tinued objective evaluation of the breeding po-
pulation.

Given the trend of declining BI, it is also cru-
cial to focus on maintaining optimal conformation
traits that ensure the functionality and resilience
of this breed.
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