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ABSTRACT This study aimed to morphometrically characterize Gemlik horses and their crossbreds, which originated
from Holsteiner and KWPN lineages and have been bred since the early 2000s under the Turkish Ministry of
National Defense. A total of 111 horses including pure Gemlik, Gemlik crossbred, and parental lines-were
evaluated for various body measurements such as withers height, croup height, body length, chest depth,
heart girth, neck length, and ear dimensions. Data were analyzed using the Kruskal-Wallis nonparametric test
followed by Bonferroni-corrected post hoc comparisons due to the non-normal distribution of the data.
Results revealed significant differences (p<0.05) among breeds for body length, heart girth, and interocular
distance. Gemlik horses exhibited measurements generally aligned with their paternal Holsteiner and
maternal KWPN lines, particularly in withers height (~166 cm) and live weight (~514 kg). Gender-based
comparisons showed mares were significantly larger than stallions in several traits, including live weight,
hind leg length, and chest width. Age also significantly influenced skeletal and muscular development, with
older horses demonstrating greater withers height, body length, and heart girth. The findings suggest that
Gemlik horses possess morphometric traits suitable for sport horse purposes, especially show jumping. The
formal recognition of the Gemlik breed as a Turkish sport horse could support the development of national
equestrian activities, accelerate its international competitiveness, and increase the recognition of equestrian
sports among a wider audience.
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0z Gemlik At1 ve Melezlerinin Morfometrik Olarak Tanimlanmasi

Bu calisma, 2000°li yillarin basindan beri Tirk Milli Savunma Bakanligl ¢atist altinda Holsteiner X KWPN
irklarinin melezlenmesiyle gelistirilen Gemlik ve Gemlik melezi atlarin morfometrik 6zelliklerini tanimlamay1
amaglamistir. Toplam 111 bas attan (saf Gemlik, melezler ve ebeveyn irklar) alinan veriler; cidago yiiksekligi,
sagn yiksekligi, viicut uzunlugu, gogis derinligi, gogilis cevresi, boyun uzunlugu ve kulak olctileri gibi
morfometrik ozellikler agisindan incelenmistir. Verilerin normal dagilim géstermemesi nedeniyle Kruskal-
Wallis nonparametrik testi ve Bonferroni diizeltmeli ¢oklu karsilastirmalar kullanilmistir. Irk 6zelliklerine
gore viicut uzunlugu, gogiis cevresi ve gozler arasi mesafe agisindan istatistiksel olarak anlamh farkliliklar
(p<0.05) saptanmistir. Gemlik atlari, 6zellikle ~166 cm cidago yiiksekligi ve ~514 kg canli agirhik ile
Holsteiner ve KWPN 1rklarina benzer dzellikler tasimaktadir. Cinsiyet analizlerinde disilerin, erkeklerden
canli agirlik, arka bacak uzunlugu ve go6giis genisligi gibi bircok élg¢limde daha yiiksek degerlere sahip oldugu
gorilmistiir. Yas arttikca iskelet ve kas gelisimine bagh olarak cidago yiiksekligi, viicut uzunlugu ve gogiis
cevresinde artislar kaydedilmistir. Bulgular, Gemlik atinin engel atlama spor dali i¢in uygun morfometrik
yapiya sahip oldugunu géstermektedir. Gemlik atinin bir Tiirk spor at1 olarak tescil edilmesi, ulusal binicilik
faaliyetlerinin gelisimini desteklemek ve uluslararasi rekabet giiclinli artiritlmasini hizlandirarak binicilik
sporunun daha genis kitlelerce taninmasini saglayabilecektir.

Anahtar Kelimeler: At, Hayvan islahi, Kantitatif 6zellik, Morfometri, Viicut agirligi, Viicut yiiksekligi.

INTRODUCTION (Henner et al. 2002; Unver 2006; Giiciiyener Hacan and

Akgapinar 2011; Neves et al. 2017; Ozbeyaz 2019; Bailey
Horses, which have helped people in food, transportation, and Brooks 2020; Akcapiar and Ozbeyaz 2021; Durmus
agriculture, trade, and warfare throughout history, were 2021; Grilz-Seger et al. 2021; Klecel and Martyniuk 2021;

domesticated by the Turks in the Botai (Northern Librado and Orlando 2021; Olsen 2025). Archaeological
Kazakhstan) region of Turkestan about 5.500 years ago
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excavations in the Botai region have uncovered evidence
of human-controlled management practices, including
harnessing, tethering, milking, and sheltering (Outram et
al. 2009; Librado and Orlando 2021; Olsen 2025).

In the early days, people who relied on horses for food,
such as milk and meat, later discovered additional benefits
and began using them for transportation, agriculture, and
trade (Taskin 2012; Durmus 2021; Kocakaya et al. 2023).
Horses rapidly emerged on the battlefield, demonstrating
their speed and strength (Unver 2006; Taskin 2012;
Durmus 2020; Durmus 2021; Kocakaya et al. 2023).

Turkish civilization, originating in the wide steppes of
Turkestan and referred to as "steppe culture,” expanded
through the domestication of the horse (Unver 2006;
Durmus 2021). By 800 BC, Turkish culture transformed
the function of the horse, advancing it from a basic
provider of sustenance, agriculture, and trade to a riding
animal, thereby conclusively undermining the supremacy
of adjacent cultures dependent on horse-drawn chariots
through their adept horse archers and spear cavalry
(Unver 2006; Durmus 2020; Durmus 2021). By 700 BC,
the horse-drawn carriage had entirely diminished in
military significance and was repurposed as a racing
vehicle in the ancient Olympic Games (Unver 2006; Mann
and Scharff 2020).

According to reports, Hiao, the Turkish-born emperor of
the Chou dynasty in 900 BC, participated in equestrian
sports (Unver 2006). In this case, the Turks became the
first nation to use horses for sporting purposes, about
200-300 years before the Olympics, in addition to their
skillful use as a means of warfare (Unver 2006; Durmus
2020; Durmus 2021; Durmus 2023).

The Turks held competitions in equestrian sports; cirit
(javelin), ¢6gen (polo), and gokborii were held as
equestrian sports (Unver 2006; Taskin 2012; Durmus
2021; Durmus 2023; Acar 2024). Horse carriage races and
horse races with and without riders, held in Greece, Rome,
and Eastern Rome (Byzantium), which started with the
Olympics, continued for many years. With the Renaissance,
equestrianism and horse training were considered a
science and even an art in Italy and France, and equestrian
schools started to be opened in these countries (Unver
2006). The use of horses in war and sports developed and
changed until 1896, when the Olympics, which were
banned in 394 AD due to church pressure, resumed.
Cavalry units were formed in different styles, and horses
suitable for these styles were raised.

In the modern era, horse competitions are organized in
branches such as dressage, jumping, three-day eventing,
horse endurance, horse racing, horse gymnastics, and pony
(Unver 2006; Taskin 2012; OSC 2017; TBF 2025).
Although many Turkish riders have achieved success in
various contests, particularly "Atatiirk's Cavalry" (ASEM
2025), interest in equestrian sports remains low owing to
a lack of a Turkish sport horse breed and insufficient
public awareness of the sport.

The present study aims to determine the morphometric
characteristics of Gemlik horses and Gemlik hybrid horses,
which are the progeny of the breeding and crossbreeding
of the "Gemlik Horse" (Holsteiner X KWPN) breed, which
commenced in the early 2000s at the Military Veterinary
School and Training Center Command of the Land Forces
Command, with the objective of developing a native sport
horse breed for participation in national and international
show jumping competitions and other sport events.
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MATERIAL AND METHODS

The Ankara University Animal Experiments Local Ethics
Committee assessed the conformity of this research with
ethical regulations, issuing a decision on 16.10.2024,
numbered 2024-15-120.

The 111 horses included in the study comprised Gemlik,
Gemlik crossbred, and parent line horses, all reared under
the auspices of the Ministry of National Defense. The
horses were weighed in kilograms (kg) using a scale that
could detect half-kilogram increments. We measured the
horses' Withers Height (WH), Croup Height (CrH), Front
Leg Length (FLL), Hind Leg Length (HLL), Body Length
(BL), Back Length (BaL), Chest Depth (CD), and Chest
Width (CW) using a measuring cane. A tape measure was
used to measure HG (Heart Girth), HL (Head Length), FL
(Face Length), NL (Neck Length), DBE (Distance Between
Eyes), DBEa (Distance Between Ears), EL (Ear Length), EW
(Ear Width), SC (Shank Circumference), CrW (Croup
Width), and CrL (Croup Length) in centimeters (Figure 1).
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Figure 1: Some Body Dimensions on Gemlik horse.

Statistical Analysis

Power analysis was not performed, as the study was
descriptive in nature and based on the available
population.

The Shapiro-Wilk normality test was applied to the data
obtained from 111 heads of horses for the morphometric
identification of the Gemlik, and it was determined that the
majority of the data did not comply with the normal
distribution. For this reason, the Kruskal-Wallis non-
parametric test was used to analyze the differences in
morphometric characters between breed and age and the
Mann-Whitney U test for the gender groups for the data
obtained from 111 horses, which were the subject of the
study. As a result of Kruskal-Wallis test, Bonferroni
corrections were made for the characters whose
differences were significant, and the analyses were
finalized. All analyses were conducted using SPSS 30.0.

RESULTS

A normality test was applied to the data obtained as a
result of the measurements. Since it was determined that
the majority of the data did not comply with the normal
distribution, the Kruskal-Wallis nonparametric test was
applied, and differences in morphometric characters
between breed (Table 1), gender (Table 2), and age (Table
3) groups were analyzed. Bonferroni correction was used
to identify the groups with significant differences. In the
comparisons performed according to breed and
crossbreeding type (Table 1), statistically significant
differences were identified in body length (BL), heart girth
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(HG), and distance between eyes (DBE) (p<0.05). No
significant breed-related differences were observed for the
remaining morphometric traits. Although some crossbred
combinations tended to exhibit relatively higher values in
body size and thoracic measurements, these differences
were limited to specific traits and did not indicate a
consistent overall superiority pattern across all
parameters. Gender-based comparisons (Table 2) revealed
significant differences in live weight (LW), front leg length
(FLL), body length (BL), back length (BaL), chest depth
(CD), heart girth (HG), face length (FL), and shank
circumference (SC) (p<0.05). In general, mares
demonstrated higher values in traits associated with body
mass and thoracic development. However, no statistically
significant differences were found between stallions and
mares for withers height, croup height, neck length,
distance between eyes, distance between ears, or ear

dimorphism in the studied population is more evident in
body mass and musculoskeletal robustness than in linear
height traits. Age-related analyses (Table 3) demonstrated
significant differences in withers height (WH), croup
height (CrH), front leg length (FLL), croup length (CrL),
body length (BL), back length (BaL), chest width (CW),
heart girth (HG), neck length (NL), distance between eyes
(DBE), distance between ears (DBEa), and ear length (EL)
(p<0.05). These measurements generally showed an
increasing tendency with advancing age, reflecting skeletal
growth and muscular development. In contrast, live
weight, hind leg length, several cranial measurements, ear
width, and shank circumference did not differ significantly
among age groups. Overall, the morphometric variation
observed in the study population was primarily associated
with specific body length and thoracic traits across breeds,
body mass-related characteristics across genders, and

measurements.

These findings

suggest that

sexual

skeletal growth-related parameters across age groups.

Table 1: Body measurements of Gemlik horse and crossbreeds according to breed and crossbreeding type.

BD LW (kg) WH (cm) CrH (cm) FLL (cm) CrL (cm) HLL (cm) CrW (cm)
Breed N Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE
GG 49  478.66 11.23 162.99 086 16186 0.73 109.19 1.22 4419 0.68 14838 0.75 53.74  0.69
GH 21  488.52 15.34 166.71 096 163.82 0.84 113.86 1.52 46.76 1.04 15043 1.15 57.02 1.07
GK 14 45796 6.22 164.50 0.75 160.86  0.98 11414 0.84 43.68 0.56 146.68 2.62 56.21 1.49
HolG 10 516.25 27.05 165.10 1.05 163.40 1.49 112.00 2.24 47.20 1.66  151.40 1.74 57.60 1.01
HolK 7 514.29  39.20 166.00 091 162.71 1.06 11343 2.59 45.86 1.62 149.86  1.40 56.14 2.30
KG 5 555.60 50.71 167.00 0.71 165.20 0.86 111.80 5.44 48.40 117  148.10 1.81 58.60 3.31
KWPN 5 477.50  40.98 166.90 2.52 163.40 2.38 113.60 1.36 46.20 2.06 151.20 2.24 53.20 1.24
P 0.177 0.095 0.236 0.311 0.083 0.321 0.056
BD BL (cm) BaL (cm) CW (cm) CD (cm) HG (cm) HL (cm) FL (cm)
Breed N Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE
GG 49 15792 0.97 65.76 1.76 41.60 0.82 71.58 0.75 186.00 1.61 52.86 0.44 36.30 0.47
GH 21 161.58 0.63 61.54 2.30 40.54 0.55 73.52 1.00 189.83 1.64 53.23 0.53 35.55 0.57
GK 14  159.54 1.07 56.86 1.01 37.64 0.83 72.29 0.62 18548 0.99 52.68 0.38 36.21 0.58
HolG 10  160.65 1.34 63.40 2.92 41.70 2.14 75.20 1.23 19130 2.78 52.55 0.96 37.60 0.70
HolK 7 166.64 2.51 64.57 3.77 42.36 2.15 74.00 2.16 189.93  4.00 54.71 1.04 37.43 1.34
KG 5 161.80 1.96 70.60 6.98 41.80 2.31 76.40 5.56 197.60 291 54.80 0.58 37.70 0.94
KWPN 5 159.50 391 64.60 5.44 41.40 1.11 72.60 2.73 191.00 4.59 50.90 0.68 35.80 1.02
p 0.041 0.169 0.119 0.339 0.022 0.071 0.312
BD NL (cm) DBE (cm) DBEa (cm) EL (cm) EW (cm) SC (cm)
Breed N Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE
GG 49 56.22 0.84 18.13 0.21 15.35 0.32 16.67 0.20 5.64 0.08 19.97 0.17
GH 21 54.31 0.88 17.10 0.30 14.88 0.28 16.29 0.39 5.71 0.12 20.31 0.20
GK 14 53.43 1.21 17.64 0.34 14.29 0.45 16.93 0.22 5.93 0.16 20.00 0.15
HolG 10 52.85 1.16 17.70 0.54 14.60 0.54 17.55 0.55 6.30 0.34 20.20 0.39
HolK 7 57.43 1.09 19.00 0.31 16.00 0.58 17.21 0.71 6.00 0.38 21.07 0.41
KG 5 52.40 1.17 19.10 0.40 14.30 0.37 16.90 0.40 6.20 0.37 21.70 0.77
KWPN 5 56.00 1.45 18.80 0.73 14.00 0.42 16.60 0.51 6.00 0.00 20.20 0.66
P 0.05 0.006 0.108 0.503 0.110 0.058

Kruskal-Wallis was performed and a = 0.05, Mean: Mean value, SE: Standard Error, GG: Gemlik, GH: Gemlik X Holsteiner, GK: Gemlik X KWPN, Holg: Holsteiner X
Gemlik, Holk: Holsteiner X KWPN (Gemlik), KG: KWPN X Gemlik, KWPN: KWPN. BD: Body Dimensions, LW: Live Weight, WH: Withers Height, CrH: Croup Height,
FLL: Front Leg Length, CrL: Croup Length, HLL: Hind Leg Length, CrW: Croup Width, BL: Body Length, BaL: Back Length, CW: Chest Width, CD: Chest Depth, HG:
Heart Girth, HL: Head Length, FL: Face Length, NL: Neck Length, DBE: Distance Between Eyes, DBEa: Distance Between Ears, EL: Ear Length, EW: Ear Width, SC:

Shank Circumference.

Table 2: Body measurements of Gemlik horses and crosses by gender.

BD LW (kg) WH (cm) CrH (cm) FLL (cm) CrL (cm) HLL (cm) CrW (cm)
SEX N Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE
Stallion 48 454.10 4.01 16525 0.68 162.73 059 11434 091 45.35 0.64 14859 0.75 5472 0.73
Mares 63 512.00 11.79 164.14 0.67 16235 0.61 109.40 1.01 45.21 0.60 149.37 0.82 55.87 0.65
P 0.001 0.283 0.463 <0.001 0.969 0.279 0.124
BD BL (cm) BaL (cm) CW (cm) CD (cm) HG (cm) HL (cm) FL (cm)
SEX N Mean SE Mean SE Mean SE Breed N Mean SE Mean SE Mean SE
Stallion 48 158.53 0.82 60.21 1.37 40.31 0.64 7091 0.62 185.02  0.89 53.31 0.39 3727 034
Mares 63 160.88 0.77 66.38 1.48 41.45 0.68 74.21 0.71  190.51 1.41 52.75 0.34 3569 0.39
P 0.034 0.001 0.251 0.002 0.001 0.282 0.001
BD NL (cm) DBE (cm) DBEa (cm) EL (cm) EW (cm) SC (cm)
SEX N Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE
Stallion 48 55.43 0.81 17.87 0.22 15.00 0.28 16.67 0.23 5.73 0.08 20.46 0.13
Mares 63 54.85 0.57 18.04 0.18 14.99 0.23 16.81 0.17 5.88 0.09 20.03 0.17
p 0.876 0.650 0.850 0.567 0.359 0.010

Mann-Whitney U was performed and a = 0.05, Mean: Mean value, SE: Standard Error. GG: Gemlik, GH: Gemlik X Holsteiner, GK: Gemlik X KWPN, Holg: Holsteiner
X Gemlik, Holk: Holsteiner X KWPN (Gemlik), KG: KWPN X Gemlik, KWPN: KWPN. BD: Body Dimensions, LW: Live Weight, WH: Withers Height, CrH: Croup
Height, FLL: Front Leg Length, CrL: Croup Length, HLL: Hind Leg Length, CrW: Croup Width, BL: Body Length, BaL: Back Length, CW: Chest Width, CD: Chest
Depth, HG: Heart Girth, HL: Head Length, FL: Face Length, NL: Neck Length, DBE: Distance Between Eyes, DBEa: Distance Between Ears, EL: Ear Length, EW: Ear
Width, SC: Shank Circumference.
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Table 3: Body measurements of Gemlik horse and crosses according to their age.

BD LW (kg) WH (cm) CrH (cm) FLL (cm) CrL (cm) HLL (cm) CrW (cm)
Age N Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE
1 5 40230 2833 153.80 5.01 153.80 3.69 98.00 5.13 34.80 244 14540 3.78 47.50 257
2 7 461.71 1068 159.86 1.08 15943 097 101.00 2.05 45.43 2,65 149.14 1.16 51.57 1.78
3 11 46645 15.00 162.00 0.80 15836 0.78 112.27 1.58 44.36 0.62 14723 1.24 55.09 091
4 12 47275 6.12 166.58 0.57 164.25 0.83 11533 0.94 43.88 0.77 14875 3.21 58.25 1.61
5 11 466.64 2320 163.09 119 161.64 119 11136 1.87 45.36 0.75 147.09 1.30 5436 1.11
6 8 47350 10.67 16738 119 16594 136 116.19 236 45.75 092 150.25 1.94 55.75 1.72
7 11 52636 2852 16682 131 164.52 1.03 11145 2.55 45.14 1.13 15041 2.14 56.09 1.02
8 6 50558 2414 169.08 194 16583 091 111.83 3.60 48.00 1.29 150.00 2.59 5433 1.78
9 8 51425 27.75 163.19 0.77 162.13 095 111.63 2.34 45.00 1.13  149.38 1.07 5525 1.11
10 7 485.14 3699 16579 191 16221 154 11343 2.57 45.43 1.13  149.00 1.70 55.71  1.43
11 6 55542 4823 16658 119 16525 1.03 109.00 2.38 45.50 2.20 149.83 147 57.17 2.56
12 5 459.70 7.41 16540 1.03 163.10 1.29 118.70 1.00 50.00 1.82 148.00 2093 60.30 3.95
13 5 529.00 5825 16680 133 164.00 230 113.20 3.02 48.00 1.76 ~ 152.00 2.63 5640 2.62
14 9 497.22 3506 166.11 122 163.53 127 11250 1.89 47.56 1.86 150.61 1.19 55.22 1.64
P 0.218 <0.001 <0.001 0.003 0.013 0.682 0.115
BD BL (cm) BaL (cm) CW (cm) CD (cm) HG (cm) HL (cm) FL (cm)
Age N Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE
1 5 144.40 2.94 67.70 1.93 38.10 1.38 62.40 3.59 170.60 6.52 50.30 0.30 3940 0.60
2 7 156.29 1.44 82.00 2.93 44.57 3.35 72.86 1.28 180.43 2.07 52.14 0.83 3714 214
3 11 156.86 1.29 55.55 1.32 36.77 1.07 72.18 0.60 185.43 1.41 52.32 0.69 36.18 0.71
4 12 161.33 0.91 60.58 1.54 39.79 1.09 73.25 0.73 18892 1.29 52.71 0.50 3642 0.72
5 11  159.00 1.11 59.41 3.58 40.27 1.12 72.73 2.07 185.86 2.25 52.86 1.09 3591 0.77
6 8 161.31 0.80 58.38 1.52 39.25 0.80 72.31 0.75 186.88 3.14 54.00 1.10 36.75 1.18
7 11 159.89 1.55 69.18 3.56 41.02 1.60 75.00 1.89 19186 2.62 53.23 0.86 36.50 1.12
8 6 163.67 0.84 68.83 3.78 44.67 3.80 72.17 236 186.17 4.20 55.83 1.51 35.67 0.88
9 8 159.81 1.48 63.88 391 41.38 1.15 74.13 1.13  191.63 3.26 52.13 1.08 3488 0.77
10 7 160.21 2.11 58.71 4.18 41.43 0.79 72.57 146 193.14 3.79 53.21 0.85 3579 0.92
11 6 162.75 1.28 69.17 6.21 43.58 1.67 76.25 214 19717 4.19 53.00 0.82 35.00 0.68
12 5 160.70 2.19 60.40 4.52 40.30 1.20 70.60 2.38 188.10 0.64 53.00 0.61 36.80 0.87
13 5 167.60 3.03 64.80 3.23 43.80 3.32 75.60 2.64 19240 6.30 55.80 1.36 3840 1.69
14 9 163.19 2.30 62.69 4.59 42.47 1.28 73.06 215 19139 311 52.47 0.70 36.17 0.72
P <0.001 <0.001 0.026 0.114 0.010 0.065 0421
BD NL (cm) DBE (cm) DBEa (cm) EL (cm) EW (cm) SC (cm)
Ageed N Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE
1 5 64.50 3.52 20.20 0.20 19.20 1.19 16.53 0.14 5.67 0.12 19.60 0.68
2 7 57.57 3.26 18.71 0.68 15.79 0.96 17.12 0.74 6.02 0.57 20.43 0.43
3 11 52.82 0.85 17.27 0.24 13.64 0.31 17.18 0.42 5.73 0.14 19.73 0.30
4 12 52.79 145 17.50 0.48 14.58 0.54 16.96 0.28 6.08 0.15 20.00 0.25
5 11 5464 1.18 17.91 0.37 15.00 0.38 16.86 0.27 5.55 0.16 19.73 0.51
6 8 54.38 1.05 17.88 0.13 15.13 0.69 17.13 0.40 5.69 0.16 20.17 0.48
7 11 54.00 0.94 17.45 0.57 14.55 0.52 15.86 0.39 5.68 0.12 19.73 0.20
8 6 54.17 2.73 18.75 0.44 15.17 0.46 16.92 0.80 6.00 0.37 20.67 0.40
9 8 56.00 1.43 16.88 0.35 14.00 0.46 15.88 0.67 5.75 0.16 20.19 0.19
10 7 54.71 1.80 17.71 0.27 15.21 0.24 17.36 0.32 5.86 0.26 20.60 0.37
11 6 55.50 0.96 18.67 0.61 15.00 0.63 17.50 0.67 6.17 0.21 21.00 0.52
12 5 53.10 1.21 17.00 0.99 14.40 0.66 15.00 0.88 5.40 0.25 21.00 0.55
13 5 58.60 0.83 19.00 0.32 16.20 0.20 18.40 0.51 6.60 0.40 21.00 0.45
14 9 55.39 1.22 18.50 0.50 14.89 0.61 16.17 0.41 5.56 0.18 20.56 0.47
p 0.047 0.002 0.018 0.038 0.160 0.142

Kruskal-Wallis was performed and « = 0.05 Mean: Mean value, SE: Standard Error. GG: Gemlik, GH: Gemlik X Holsteiner, GK: Gemlik X KWPN, Holg: Holsteiner X
Gemlik, Holk: Holsteiner X KWPN (Gemlik), KG: KWPN X Gemlik, KWPN: KWPN. BD: Body Dimensions, LW: Live Weight, WH: Withers Height, CrH: Croup Height,
FLL: Front Leg Length, CrL: Croup Length, HLL: Hind Leg Length, CrW: Croup Width, BL: Body Length, BaL: Back Length, CW: Chest Width, CD: Chest Depth, HG:
Heart Girth, HL: Head Length, FL: Face Length, NL: Neck Length, DBE: Distance Between Eyes, DBEa: Distance Between Ears, EL: Ear Length, EW: Ear Width, SC:
Shank Circumference.

DISCUSSION AND CONCLUSION

The objective of the study was descriptive morphometric
characterization rather than hypothesis testing of
treatment or group effects, and since the sample size was
constrained by population availability, power analysis was
not conducted.

Size and morphometry are critical characteristics in
practically all horse breeds. Numerous breed registries
evaluate horses based on functional criteria and promote
the breeding of horses with body types best suited for
certain roles (Paksoy and Unal 2019; Kaya et al. 2024).

When the body measurements of Gemlik and Crosses were
evaluated according to their breed and crossbreeding type,
KWPNXGemlik cross horses had higher values than
Gemlik, KWPN, and other GEMLIK cross horses in terms of
LW, WH, CH, CL, CW, Bal, CD, HG, HL, FL, HLL, and SC. The
Gemlik (HolsteinerXKWPN) horse had greater values in
terms of FLL, BL, CW, NL, and DBEa than the KWPN and
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other Gemlik crosses. HolsteinerxGemlik cross horses, on
the other hand, had higher values in terms of HLL, DBEa,
and EW than Gemlik, KWPN, and other Gemlik crosses.

The LW (514.29) of Gemlik horses, resulting from the
crossbreeding of Holsteiner (Kelley 2002; Pitts and Shang
2016) and KWPN (Pitts and Shang 2016), both of which
are half-blood and medium-weight breeds, varied from
449.00 to 800.50 kg, as recorded for Holsteiner; however,
it was low to the 549.00-599.00 kg range reported for
KWPN. The LWs of Gemlik horses were higher than the
mean LW (Table 1) determined for KWPN in the same
study. It was found to be higher than the weights reported
by Taskin (2012) for KWPN at the ages of 12 months
(345.08 kg) and 24 months (468.86 kg), but similar to the
average weight of 516.66 kg at the age of 36 months.

The average wither height (WH) of 166.00 cm in Gemlik
horses is comparable to the Holsteiner breed (163-173
cm), which represents the paternal lineage. This
measurement exceelineage andously reported values of
145.13-161.3 cm and 163.00 cm for the KWPN breed,
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which is the maternal lineage, and aligns closely with the
average value of 166.90 cm established in this study. In
addition, the height of the stallion was found to be similar
to the values reported by the Turkish Patent and
Trademark Office for the Gemlik horse in 2002 (145.0-
170.00 cm) (Turk Patent 2025).

The average croup height of Gemlik horses, measured at
162.71 cm, was found to be lower than the 163.40 cm
recorded for KWPN in the same research and comparable
to previously published figures for the KWPN breed
(Taskin 2012).

The heart girth (HG) of Gemlik horses was determined to
be 189.93 cm in this research. This value was close to the
191.00 cm measurement established for KWPN in this
research; however, it was smaller, similar to the 158.59-
190.48 cm range documented for the KWPN breed (Taskin
2012) and comparable to the 150.00-200.00 cm range
(Tiirk Patent 2025) previously noted for the Gemlik horse.

The study revealed that the mean chest width (CW) of
Gemlik horses was 42.36 cm, comparable to the 41.40 cm
recorded for the maternal line KWPN within the same
research. However, this measurement was significantly
lower than the previously documented value of 47.63 cm
for the father line Holsteiner breed (Alagi¢ et al. 2002).
The chest depth of 74.00 cm observed in Gemlik horses
exceeds the 72.60 cm recorded for KWPN, which serves as
the primary reference in the same study. The values
observed were comparable to the 73.50-74.35 cm range
reported for the Holsteiner breed, which represents the
paternal lineage (Alagi¢ et al. 2002). The study found that
the shank circumference value of 21.07 cm for Gemlik
horses aligns with previously reported values of 19-21 cm.
Additionally, the value of 20.20 cm for the KWPN, a
primary line, is consistent with earlier reports of 19.23-
21.03 cm for the KWPN breed (Brown and Carton 2021).
In the same study, the body length of 166.64 cm for Gemlik
horses was found to exceed the 159.50 cm recorded for the
maternal line KWPN (Brown and Carton 2021), while
being lower than the 172.32-173.14 cm values reported
for the HOLSTEINER breed, which was previously the
paternal line (Alagi¢ et al. 2002).

The Kruskal-Wallis test was conducted on the data from
Gemlik and Gemlik cross horses, with Bonferroni
correction used for multiple comparisons. It was
concluded that the statistical differences between Gemlik
and Crosses were substantial (p<0.05) for BL, HG, and DBE
traits. The body length (BL) differed significantly between
Gemlik and Gemlik Cross horses. The post hoc test
revealed significant differences among KWPN-Gemlik
horses, GG-GK crosses, GG-Gemlik horses, and KG-GH
crosses (p<0.05). Upon using the Bonferroni correction,
the comparisons yielded insignificant results (p>0.05).

Upon evaluating the body measurements of Gemlik and
Crosses by gender, it was noted that mares had superior
LW values in comparison to stallions. End-gestational live
weight in mares is 13-14% more than the beginning-
gestational LW (Paksoy and Giingér, 2023).  This
differential is attributed to the mares' greater use for
breeding rather than competing. Upon evaluating Table 2,
it is evident that mares exhibit superior values in HLL, CW,
BL, BaL, CD, SC, HL, DBE, DBEa, and EW characteristics
compared to stallions. The Mann-Whitney U test findings
indicated significant variations in body structure-related
characteristics, including LW, FLL, BL, BaL, CD, HG, FL, and
SC, based on gender (p<0.05).

When the body measurements of Gemlik and Crosses were
evaluated according to their genders, the differences

between the age groups in the characters of WH, CH, FLL,
CW, BL, BalL, CW, HG, NL, DBE, DBEa, and EL were
significant (p<0.05). Measurements such as BL, WH, CH,
and FLL are usually related to skeletal growth, so they are
expected to increase with age. The results obtained in the
study confirm this expectation (Table 3). Heart Girth (HG)
is related to respiratory capacity and muscle development.
There is a significant increase in groups that have reached
adulthood at the age of six and above (Table 3). In general,
significant differences in certain characteristics are
observed among age groups, which is believed to be due to
the use of the Holsteiner breed as the paternal line.

The body measures of the Gemlik horse analyzed in the
study were compared with those of the Holsteiner paternal
line and the KWPN maternal line. The breeds, including
both the paternal and maternal lineages of the Gemlik
horse, are used as jumping sport horses. The body
dimensions of the Gemlik horse closely reflect those of the
Holsteiner lineage, which is its paternal line. Further
research is required on the Gemlik horse, now competing
in events organized by the Turkish Equestrian Federation
as a show jumper, particularly about its paternal and
maternal lineage, and it should be officially classified as a
Turkish sports horse. This aspect is expected to elevate
and promote Turkish equestrian sport, augmenting its
worldwide prominence. This acknowledgment may result
in greater investment in breeding programs and training
facilities, hence enhancing competitive stature
internationally. As interest in the Gemlik horse increases,
chances for cooperation and interaction among equestrian
enthusiasts globally may also expand.
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