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Abstract: The aim of this work was a phenotypic description of the mare
families of a Lipizzan horse breed from stud Vucijak. A total of 31 mares were
measured, for every animal 28 measures were recorded. The mares are distributed
by mare families in the following: Sana (3), Lipa (3), Bregava (3), Cremica (3),
Ukrina (3), Visla (2), Neretva (3), Pliva (1), Drina (2), Sutjeska (2), Sitnica (1),
Janja (2) and Sava. Simple analysis of variance was done to determine the
difference in the morphological measures between mare families. Also, correlation
between 28 measures was done. This study revealed phenotypic uniformity
between mare families. Of the 28 measures recorded, a statistically significant
difference was identified only for the length of cannon (front leg). The longest
average length of the cannon (front leg) had at Sana (24.67 cm), and the shortest at
Bregava (19.00 cm). The correlation ranged from slightly negative to highly
positive with correlation coefficients from -0.465 to 0.779. Significant and highly
significant correlation with height, length and depth was found in mare measures.
The body shape of the mare families has a rectangular, which is in accordance with
the Lipizzan horses from other stud in Europe. Also, the study revealed that mares
from Vucijak are smaller than mares from other stud, which is in accordance with
the breeding goals.

Key words: morphological measures, correlation, mare families, stud
Vucijak

Introduction

Lipizzan horse is a unique horse breed in Europe and the world. They characterized
long history of existence, strict and systemic selection, small population, precision
of stud books, great morphological and genetic variability, etc. For this reason
Lipizzan is cosmopolitan horse breed, is bred in many countries as well as on more
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continents. In addition to state-owned stud, the Lipizzan is widely spread in many
private breeders over the world, as a reflection of royalty and prestige.

State-owned stud Vucijak is the only Lipizzan stud in Bosnia and Herzegovina. It
was founded in 1946. The horses-founders originated from Croatian state-owned
stud Lipik and DPakovo, and from different private breeders in Croatia. According
Caci¢ and Curik (2014) stud Vugijak is the direct genetic successor of the "old"
stud from Lipik (1938-1959) and indirect of stud farm Stanéi¢ (1919-1938).
Subsequently, stallion and mares from Slovenia and Serbia were integrated into the
stud population (Rogi¢ et al., 2018). Establishing stud Vugéijak, very soon Lipizzan
horses spread to almost entire Bosnia, thanks to selective work at the stud Vucijak.
The desirable characteristics of Lipizzan have led, not only to the quality of pure
breeding program on stud Vucijak, but also to the great influence, as a meliorator,
on the horse breeding in the Bosnhia.

According to Stipi¢ (1980), today's Lipizzan horse breeds was completely
developed, with all the present sire lines and mare families, in the 18th and early
19th century, regardless of the fact that the beginnings of the creation of Lipizzan
breed were dated back to the 16th century. Today, the Lipizzan horse breeds have
had 8 sire lines and 66 mare families. Of the total mare families 17 is from
Slovenia, 16 Croatia, 17 Hungary and 16 Romania (LIF, 2019). Of the 66 mare
families on stud Vucijak are bred 15 (Table 1).

Zechner et al. (2001) was done characterization of the breed in their morphometric
study of Lipizzan horses from eight different state-owned studs in seven countries.
The aim of the paper was to present the mean and differences for these studs of 37
body measurements following a standard procedure developed by Oulehla (1996).
This work did not include all state-owned studs, as well as Vuéijak, but served as a
basis for similar research on the Lipizzan population at the national level. From this
came the results of Vazi¢ et al. (2016) who worked on the morphometric
characterization of Lipizann horse breed in the stud Vucijak, both stallion and
mares. The authors concluded that Lipizzan horse from Vucijak have a smaller
body frame then Lipizzan horse from other state-owned stud, wich is in
coordinance with breeding goals of stud Vucijak (Rogi¢ et al. 2018). Also, at
present day, the morphometric measurements and body shape have important role
in research not only for Lipizzan but also for other horse breeds (Lopes et al.,
2015; Martinon et al., 2014; Duml et al., 2018; Jenen et al., 2016; Fernandes et
al., 2015; Ghezelsoflou et al., 2018).

The beauty of the Lipizzan horse breed is present in their exterior, royalty walk and
the possibility of their dress. In the presence of these traits a great influence
certainly had mare families. So, the aim of this study was to get inide at the
phenotypic variability of the mare families from stud Vucijak and to compare them
among themselves.



Estimation of phenotypic variability of ...

401

Table 1. Mare families from stud Vuéijak

No Name in Vucijak | Name in other studs Faunding dam | Country
1. | Drina Traviata, Trofetta Troffeta Croatia
2. | Sutjeska Siglavy, Toplica Toplica Hungary
3. | Sava Pluto, Pakra Pakra Slovenia
4. | Sana Argentina, Slava Slava Slovenia
5. | Bregava Anemone Anemone Hungary
6. | Ukrina Mima, Nana Nana Croatia
7. | Pliva Alka Liza Croatia
8. | Neretva Gidrana, Gaetana, Gaeta Gaetena Slovenia
9. | Lipa Afrika, Batosta Batosta Slovenia
10.| llova Reseda, Adica Adica -
11.| Sitnica Almerina, Santa, Slovenia Santa Slovenia
12.| Visla Virtuosa, Volga Volga -
13.| Jala Zenta, Rendes, Krabbe Zenta -
14.| Kremica Deflorata, Capriole, Canissa Capriola Slovenia
15.] Janja Karolina Darinka Croatia

Material and Methods

Morphological measurement was taken at the stud Vucijak. A total of 31 mares
were measured, and for every animal 28 measures were taken following procedure
described in Zechner et al. (2001). The mares were measured by the measuring
stick and tape. For the measurement procedure, horses put on a hard floor, and only
mares 4 years or older were measured. Mares are measured from the left side and
all measures were recorded by the same person. The total 31 mares are distributed
by mare families in the following: Sana (3), Lipa (3), Bregava (3), Cremica (3),
Ukrina (3), Visla (2), Neretva (3), Pliva (1), Drina (2), Sutjeska (2), Sitnica (1),
Janja (2) and Sava (2). Mares from llova and Jala were less than 4 years old, and
were not measured.

According the fact that mare families Sana, Lipa, Bregava, Kremica, Ukrina and
Neretva have 3 measured animals older then 4 years, which is rare in Lipizzan
population on stud, simple analysis of variance was done to determine the
difference in the morphological measures, whereby the F-test was calculated. The
significance of the difference (p<0.01) was tested based on the Duncan test. Also,
correlation between 28 measures for 31 mares was done with significant of level
0.01 and 0.05. The statistical program SPSS17 was used for data processing.
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Table 2. Abbreviation of the 28 morphological measurements taken

HW - Height at withers (measuring stick)

CC - Circumference of chest

HB - Height of back

Ccc, - Circumference of cannon bone (metacarpal)

HR - Height of rump

Ccc, - Circumference of cannon bone (metatarsal)

BL - Body length

LH - Length of head

LF - Length of forequarters

WJ - Width of head (lower jaw)

LB - Length of barrel

Lua; - Length of upper arm 1

LR - Length of rearquarters

Lua, - Length of upper arm 2

DC - Depth of chest

LoF - Length of forearm

WC - Width of chest

LcF - Length of cannon (front leg)

WH - Width of hips

LpF - Length of pastern (front leg)

WT - Width of thurls

LoT - Length of thigh

LN - Length of neck

LsT - Length of second thigh

LS - Length of shoulder

LcH - Length of cannon (hind leg)

HW1 - Height at withers (tape)

LcP - Length of pastern (hind leg)

Results and Discussion

Comparing the obtained results (table 3) with the results of Vazi¢ et al. (2016) it
can be noticed that the mare families Sana, Ukrina and Neretva have higher height
at withers than the average of the mares of stud Vucijak, while the Lipa, Bregava
and Cremica have the smaller. The chest circumference at Cremica, Ukrina and
Neretva are higher, while Sana, Lipa and Bregava smaller than average. The third
basic measure in horses, circumference of cannone bone, was higher at Neretva,
smaller at Sana, Lipa and Bregava, and the same at Cremica and Ukrina. According
results we can concluded that mares from Vucijak were smaller then mares from
Pakovo (Rastija et al., 2004) and other state-owned studs (Zechner et al., 2001).
This conclusion are in accordance with the report of Rogi¢ et al. (2018).

Of 28 analyzed morphometric measures, only statistically significant differences
were found between the mare families for the length of the cannon (front leg). The
longest average length of the cannon (front leg) had at Sana (24.67 cm), and the
shortest at Bregava (19.00 cm). The statistically significant smallest the length of
the cannon (front leg) has Bregava and Cremica in regards to Sana, Ukrina,
Neretva and Lipa.

The measuring results showed that mare families have a rectangular (height at
wither: body length) format. The difference between body length and height at
withers was the lowest at Sana (2.66 cm), and the highest at Cremica (7.33 cm).
The obtained data correspond to results of Zechnera et al. (2001) conducted on the
other state-owned stud of the Lipizzan horses. The authors showed that the mean
value of height at withers were 3-8 cm smaller than values for body length.
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Table 3. Differences in morphometric measures between six mare families from stud Vudijak

Sana Lipa Bregava Cremica Ukrina Neretva
HW 149.67 144.00 146.33 146.00 150.33 148.00
HB 144.00 141.00 142.67 143.33 147.00 141.67
HR 149.67 146.33 149.67 147.33 153.33 149.00
BL 152.33 149.67 151.00 153.33 153.33 153.67
LF 36.33 35.67 35.33 37.00 36.33 35.00
LB 74.67 68.33 72.33 70.67 75.00 73.33
LR 50.33 51.33 49.00 45.67 46.33 46.67
DC 69.00 67.67 66.00 64.67 69.00 66.33
WC 37.00 38.00 34.33 34.67 40.33 37.33
WH 52.00 51.33 49.00 53.33 52.33 50.67
WT 50.00 49.33 47.67 48.00 50.00 48.67
LN 66.33 67.33 67.67 65.33 68.33 64.33
LS 60.67 57.00 59.33 61.67 63.33 61.00
HWt 159.00 154.00 156.33 150.67 158.33 156.67
CcC 167.33 174.67 174.00 180.67 176.33 175.67
Cccy 19.17 19.33 19.17 19.50 20.50 19.83
Ccc, 22.17 22.00 22.00 22.00 22.17 21.50
LH 52.33 49.33 51.33 49.33 54.00 48.33
WJ 15.00 15.67 14.00 16.00 15.00 15.67
Lua, 33.67 33.00 33.00 30.33 33.67 32.67
Lua, 38.00 36.33 37.33 35.33 37.67 37.33
LoF 39.00 34.67 37.67 37.67 36.33 38.00
LcF 24.67° 22.33° 19.00% 19.67% 23.33° 22.67°
LpF 14.33 15.67 14.33 14.33 15.67 14.33
LoT 41.00 38.67 39.67 39.67 39.33 37.67
LsT 46.67 44.67 45.33 44.33 41.33 45.33
LcH 26.67 23.33 24.00 24.00 25.67 26.67
LcP 16.33 17.67 16.67 17.67 17.33 17.83

Correlation between some body measures plays important role in successful
performance of breeding-selection work in horse breeding. If the correlation is
positive, improvement on one property will result in other interrelated properties,
improvement effecting selection success (Rastija et al., 2003). Correlation of 28
body measures of Lipizzan mares at Vucijak stud was presented in table 4.

The correlation ranged from slightly negative to highly positive with correlation
coefficients from -0.465 (between length of pastern (front leg) and length of
second thigh) to 0.779 (between height of wither and height of rump). The similar
rang of correlation between mare families, from -0.304 to 0.826, found in Lipizzan
mares from stud Pakovo (Rastija at al., 2003). Mostly positive and statistically
highly significant or significant correlation showed measures made of tubular
bones, such as the height: at withers (both, tape and stick), of back, of rump etc.
Such correlation is logically because the development of animals in height at
wither is accompanied by the development of other mentioned measures. In
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addition, also statistically highly significant or significant correlation showed the
measures made of plump bones, such as the length of: body, forequarters, barrel
etc. Depth of chest showed the greatest correlation with other measures, with 15
measures showed significant and highly significant correlation. Significant and
highly significant correlation with height, length and depth measures at Lipizzan
mares from stud Pakovo also reported Rastija et al. (2003). A negative correlation
in this work was recorded only for one measure, length of second thigh. Width of
head (lower jaw) does not show correlation with any measures. For other measures
correlation significance was less pronounced.

Our results represent the first report of phenotypic description of mare
families from stud Vucijak. The results of this study indicate that during the past
century and breeding Lipizzan horses on stud Vucijak have led to a mares with
smaller body shape, which was in accordance with the breeding goal on stud
Vuéijak (Rogi¢ et al., 2018). Furthermore, new modern methods such as pedigree
analysis, genetic analysis based on mtDNA, microsatellites as well as SNPs should
be applied in future research of Lipizzan horses from stud Vucijak.
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Conclusion

This study revealed phenotypic uniformity between mare families. Of the
28 measures recorded, a statistically significant difference was identified only for
Length of cannon (front leg). Also, the study revealed that mares from Vucijak are
smaller than mares from other stud. Significant and highly significant correlation
with height, length and depth was found in mare measures.
The obtained results indicate a need for further study of Lipizzan horses from stud
Vucijak, and its genetic and reproductive parameters, which would contribute to
the improvement of selection and breeding program on stud Vucijak. The reported
correlation can also be useful to improve breeding-selection work in Lipizzan
breeding. Also, the obtained results are applicable in the field of conervation
genetics, and protection of the genetic potential of Lipizzan horses, which is one of
most valuable animal genetic resources from Bosnia and Herzegovina.

Procena fenotipske varijabilnosti telesnih mera kobila ergele
Vuéijak

Biljana Rogi¢, Bozo Vazic, Ivica Ravi¢
Rezime

Cilj rada bio je fenotipski opis rodova lipicanera ergele Vucijak. Ukupno je
izmerena 31 kobila, a za svaku zivotinju je uzeto 28 telesnih mera. Merene kobile
su pripadale slede¢im rodovima: Sana (3), Lipa (3), Bregava (3), Cremica (3),
Ukrina (3), Visla (2), Neretva (3), Pliva (1), Drina (2), Sutjeska (2), Sitnica (1),
Janja (2) i Sava. Uradena je prosta analiza varijanse kako bi se utvrdila razlika u
telesnim merama izmedu rodova. Takode je uradena korelacija izmedu 28 telesnih
mera. Ova studija otkrila je fenotipsku ujednacenost izmedu rodova. Od 28
zabelezenih mera utvrdena je statistiCki znacajna razlika samo za duzinu prednje
cevanice. Najduzu prose¢nu duzinu prednje cevanice imale su kobile roda Sana
(24,67 cm), a najkracu kobile roda Bregava (19,00 cm). Koeficijent korelacije se
kretao od neznatno negativnih do visoko pozitivnih, odnosno od -0,465 do 0,779.
Utvrdena je znacajna i visoko znacajna povezanost sa merama visine, duzine i
dubine kod kobila. Oblik tela kobila je pravougaoni, koji je u skladu sa
lipicanerima iz drugih ergela u Evropi. Takode, istrazivanje je pokazalo da su
kobile ergele Vucijak manje od kobila sa drugih ergela, Sto je u skladu s
odgajivackim ciljevima.

Kljuéne reéi: morfometrijske mere, korelacije, rodovi, ergela Vucijak
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